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ENVIRONMENTAL PROTECTION AGENCY
Savannah River Fish Fact Sheet

INFORMATION ABOUT RADIATION (May 1997)

WHO should be aware of the information contained in this fact sheet?

> If you are a member of a community along the Savannah River and cat fish from the Savannah River you should
carcfully read and understand the information contained in this fact sheet.

WHAT should you know?

> Contaminants of concern: Radioactive contaminants have been identificd in fish taken from the Savannah River.

> Areas of most concern: Four Mile Creek, Steel Creek, and Lower Three Runs Creek
The mouth of these creeks are of the most concern at this tume. The arcas 35 miles downstream from SRS and 2 miles
from the banks of this stretch of the Savannah River are also arcas of concern,

> Fish of greatest concern: Bottom feeders. ic Spotted Suckers, and Catfish
> Additonal studies are being conducted to determine if other arcas and types of fish should be avoided.

IS your drinking water safe?

> Your drinking water is safe and recreational activities on Savannah River pose no health risk. Fish cat plants and
contaminated sediments then store radioactive contaminants in their body fat, making them harmful to consume.

What are the overall POTENTIAL HEALTH RISKS you should know about?

> Health risks associated with eating fish contaminated with these radioactive contamimants are greatest for pregnant
women, infants, children, and adults consuming more than 3 ounces (the size of an average adult palm without the
thumb or fingers) of fish a day.

> The risk from cating contaminated fish depends on the amount eaten. The risk from eating less than 3 ounces is |
excess case of cancer for every 100,000 individuals and the risk from cating more than 3 ounces 18 1 excess case of
cancer for every 10,000 individuals.

> The levels of radiouctive contamination in the fish wre low and wall not pose significant risk if moderate amounts are
eaten . Exposure to these contaminants at increased levels over a long period of time may cause serious health
problems.

What are the CONTAMINANTS OF CONCERN and their possible effects on health?

> Cesium -137 (Cs -137):
This radionuclide releases half of its radiation i about 30 years in the environment. Within the human body
cesium-137 behaves like potassium and releases half of its radiation in only 73 days.

> Strontium -90 (Sr-90):
This radionuclide releases haif of its radiation in about 28 years in the environment. Within the body strontium-90
behaves like calcium and stores in the bones for approximately 10 years.

> Tritium (H-3):
This radionuclide releases half of its radiation in approximately 12 years.
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Warnings don’t slow fish const

By Karin Schill.

Staff Writer
Their catch might be contaminated, but that isn "t f

killing the appetite of some area ﬂshermen y 4

Researchers conducting a survey of 315 house-
holds along the Savannah River found that a smalil
amount of people on both sides of the waterway eat
more river fish than health officials say they should.

And surveyors were surprised to learn that those
who consume at least 2 pounds of fish.each week do
so because they.want to — not because they're poor.

“Our hypothesis, if you will, was that" they’d fish
because they had to,” said Mllton Morris, a profes-

sor -at Benedxct Collegein Columbxa who helpcd
oversee the FEish :Subsistence:or . .
Consumption. . Survey. ““That |
doesn't seem to be the case.”
_The-survey was paid for by a
$73,221 : grant -from ‘ the - Depart- @&
merit of Energy. It came in-red §
sponse o a fish advisory ‘the Fess _
South Carolina Department of :
Health and Environmental Con- S-Rs
trol issued last spring, warning
people not to eat more than 1.5 to.1:75 pounds of riv-
er fish'a month.
The fish contains small amounts of radipactive
Strontium-90 and:Cesiurn:137"that leaked from-Sa

vannah River Site when the plant’s reactors were We
running. Such metals ¢an cause cancer. the right
The fish algo contains mercury, although nobody ~ POPulati
is-sure'where it came from. Mercury, also a metal, them to
affects the nervous system and is especially harmful Wereyva
to babies. B Fo(;"cs
Some scoffed when DHEC issued its notice last meunnitile:
spring; arguing that nobody eats the amount of fish ing habi
stipulated in the advisory. But preliminary survey Preli
data show that at least 3 percent of respondentsdo. househe
Keith Coilinsworth of DHEC said" ‘Tuesday that Savann:
his agency will evaluate the final report when it i of those
released barly next year to determine if the fish ad-  bass. wt
visory is doihg its job. the draf
——

>
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sor at Benedict .College in Columbia who helped
oversee the Fish Subsistence or g :
Consumption  Survey.  “That
doesn’t seem to be the case.”

The survey was paid for by a
$73,221 grant from the Depart-
ment of Energy. It came in re-
sponse to a fish advisory the fEStEmiiz autsis
South Carolina Department of * ome g o
Health and Environmental Con- GRG
trol issued last spring, warning
people not to eat more than 1.5 to 1.75 pounds of riv-
er fish a month.

.The fish contains small amounts of radioactive

Strontium-90 and Cesium-137 that leaked from Sa-

vannah River Site when the plant’s reactors were -

running. Such metals can cause cancer.

The fish also contains mercury, although nobody
is sure where it came from. Mercury; also a metal,
affects tHe nervous system and is especially harmful
to babies.

Some scoffed when DHEC. issued its- notice. last

spring, argumg that nobody eats the amount of fish

stipulated in the advisory. But preliminary survey
data show that at least 3 percent of respondents do.

Keith Collinsworth of DHEC said Tuesday that
his agency will evaluate the final report when it is
released early next year to determine if the fish ad-
visory-is doing Its job.

—

“We will look at it in terms of, are we reaching
the right population with our advisory and does that
population even exist?” he said. “We were pushing
them to do this study to make sure our-assumptions
were valid.”

For seven weeks earlier this fall, students from
Benedict College walked door-to-door in river com-
munities near. SRS to ask families about their fish-
ing’habits.

"Preliminary results show that 57 percent of the
households.surveyed have members who fish'in the
Savannah River or in its tributaries. More than half
of those who do say they.eat their catch. Bream and
bass were clear favorites among area fisherman,
the draft survey shows.
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Dr. Mildred McClain

Citizens for Environmental Justice
P.O. Box 1841

Savannah, GA 31402

SUBJ: Public Availability Session
Savannah, GA

Dear Dr. McClain:

This letter is in regard to our previous discussions and
concerns that you have expressed regarding the Department of
Energy (DOE) environmental restoration program and information
needs of the citizens of Savannah, GA. These discussions and
concerns have been shared with other DOE-Savannah River Site
(SRS) Citizens Advisory Board members and with the Federal
Facilities Environmental Restoration Dialogue Committee at
various meetings during this year. These concerns focus on the
need for government agencies, namely the Environmental Protection
Agency (EPA), DOE, and others to increase their outreach efforts
with communities traditionally uninvolved with environmental
decision making. EPA has recognized that non-traditional methods
should be utilized to improve its own outreach programs. Hence,
this office is interested in piloting its first DOE-SRS related
public involvement activity in your community.

The DOE-SRS has a public involvement plan. EPA is charged
with oversight responsibility of public involvement activities
that impact DOE environmental restoration programs. In an effort
to better gauge the type and extent of information that has been
disseminated in the Savannah area, I am offering our assistance
to you and the citizens of Savannah by having an availability
segssion and/or sessions to hear the public’s concerns regarding
SRS. The goal of this session is to ensure that the public has a
forum to express their concerns without enormous focus on
technical jargon and regulatory processes. It is anticipated
that this will enable the community to participate more fully in
future decisions regarding the environmental clean up at SRS.

I am tentatively scheduling this session for March 1995, in
coordination with the DOE-SRS Citizens’ Advisory Board meeting
also planned for that month in Savannah. The availability
segsion will focus on the citizens talking to the EPA and other
government agencies: e.g., Agencies for Toxic Substances and



Disease Registry (ATSDR), DOE, Georgia Department of Natural
Resources (GA DNR) and others. EPA would appreciate your
assistance by identifying those topics where there is strong
public interest and assisting us in coordinating this endeavor
from a logistical perspective. I believe this will aid EPA in
executing its oversight mission as well as hear from the citizens
directly regarding their concerns.

I am looking forward to hearing from you. If you have
questions or need additional information, you may call me or
Camilla Warren, Chief, DOE Remedial Section, at (404) 347-3016.

Sincerely,

}y ). }%;#W

Jon D. Johnston, Chief
.Federal Facilities Branch

cc: Timothy Fields, Jr., EPA
Jim Woolford, EPA
Barry Breen, EPA
Mike Stahl, EPA
Col. James Owendoff, DOD
Patricia A. Rivers, DOD
Tad McCall, USAF
Lt. Col Mark Hamilton, USAF
Richard E. Newsome, USA
David Olson, USN
Paul Yaroschak, USN
Cindy Kelly, DOE
James D. Werner, DOE
Suzanne Rudzinski, DOE
Mark M. Bashor, Ph.D., ATSDR
John Craynon, DOI
George Sundstrom, USDA
Drew Caputo, Natural Resources Defense Council
Tim Connor, Energy Research Foundation
Ralph Hutchison, OR Environmental Peace Alliance
Lenny Siegel, Pacific Studies Center
J. Ross Vincent, Sierra Club
Dr. Jay Sorenson, Sierra Club
Pat Bryant, Gulf Coast Tenants Organization
Donald Elisburg, Laborers’ Health & Safety Fund of N.A.
Richard Miller, 0il Chemical Atomic Workers Union
Stanley Paytiamo, State of New Mexico
Merv Tano, State of Colorado
Chris Carini, International City/County Mgmt. Assoc.
Phillip A. Niedzielski-Eichner, Energy Communities Alliance
Amy McCabe Fitzgerald, ORR Local Oversight
Ann Ragan, SCDHEC



Pat Haight, KDEP

Earl Lemming, TDEC

Sam Goodhope, State of Texas

Thomas Kennedy, Assoc. of State & Territorial Solid Waste
Mgmt. Officials

Dan Miller, State of Colorado

Howard Roitman, State of Colorado

Brian J. Zwit, National Assoc. of Attorneys General
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United States Waste Management Division
Environmental Protection Agency 345 Courtdand Street, NE
Region 4 Adanta, GA 30365
Supplemental Guidance
@ to RAGS:
Region 4 Bulletins
Office of Health Assessment (404) 3471586

EXPOSURE
ASSESSMENT

Human Health Risk Assessment
Bulletin No. 3
November, 1995

The objective of the exposure assessment is
to estimate the type and magnitude of
exposures to chemicals of potential concern
E;resent at or migrating from a site. The
exposure assessment should include the
following sections.

e Characterization of Exposure Setting
o Identification of Exposure Pathways
¢ Quantification of Exposure

This bulletin includes a bibliography with
acronyms for each entry. The acronyms are
used in the bulletin along with page numbers
for reference purposes.

Characterization of Exposure Setting

The general physical characteristics of the
site and of the populations on and near the
site should be presented in this section.
Populations should be addressed relative to
those characteristics that influence exposure,
such as location and activity patterns. In
aadition, the presence of sensitive
Rubpopulations should be discussed. Current
fceptors as wells as potential future
feceptors should be considered.

Identification of Exposure Pathways

ﬂ'hls section should identify the pathways by
wnich the previously identified populations
My be exposed. A conceptual site model
Bhould be developed for each site. The
fonceptual site model should include known

INTERIM

and suspected sources of contamination,
types of contaminants and affected media,
known and potential routes of migration,
and known or potential human and
environmental receptors. In addition to the
narrative discussion of pathways, a figure
following the format of the example
presented in the RI/FS guidance should be
presented (RI/FS, p. 2-8).

Institutional controls (e.g., fences or guards)
should not be used as the justification for
elimination of a pathway in the baseline risk
assessment for current or future scenarios.
However, institutional controls may be used
in the determination of exposure frequency
for current exposure.

Generally, the baseline risk assessment
should consider the reasonably anticipated
future land use. However, it may be
valuable to evaluate risks associated with a
variety of future land uses especially where
there is some uncertainty regarding the
anticipated future land use (LUG, p. 6).

Residential Scenario

A future residential scenario should be
included in the baseline risk assessment
unless there is a strong reason to do
otherwise, e.g., an industrial area expected
to remain industrial or a wetland. If the
future residential scenario is not included, a
justification for not considering the
residential scenario should be presented and



many parameters in an effort to establish

,onslstency However, default values are

undesirable when the determination of
wallSth current risks are sought. Data
based on observation of receptor populations
are most desirable in deriving site specific
current exposure assumptions.  Future
exposure assumptions may be represented by
default values that reflect behavior resulting
in reasonable maximum exposure (RME)
risk estimates. This Bulletin presents intake
assumptions which reflect RME scenarios.
The accompanying Risk Characterization
Bulletin indicates that quantitative risk
values should be developed for central
fendency exposure (CTE) assumptions. The
Agency will be preparing formal guidance
on CTE default assumptions.

Concentration Term

The concentration term in the intake
gquation is an estimate of the arithmetic
average concentration for a chemical within
an exposure unit. Ideally the exposure point
concentration should be the true average
concentration within the exposure unit.
However, because of the uncertainty
associated with estimating the true average
concentration at a site, the 95 percent upper
confidence limit (UCL) of the arithmetic
mean should be used as the concentration
erm (CCT, p. 1). However, if the
miculated UCL exceeds the maximum
etected value the maximum detected value
inould be used as the concentration term
RAGS, p. 6-22). It is generally reasonable
10 assume that Superfund soil sampling data
wre lognormally distributed (CCT, p. 4).

Region 4 makes an exception to the use of
e UCL as the exposure point concentration
for groundwater. Groundwater exposure
point concentrations should be the arithmetic
Werage of the wells in the highly

9

concentrated area of the plume (ERGC, p.
3). Also, it is unacceptable to use data
from filtered ground water samples in a
baseline risk assessment (RAGS, p. 6-27).

Chemical degradation or attenuation should
not be considered in the baseline risk
assessment unless site-specific chemical-
specific data are available and prior approval
from the RPM and OHA is obtained.

Air concentration can be represented by
modeled values or long-term monitoring.
PM,, values should be used for particulates.

Ingestion

Soil ingestion rates should be as follows:
Resident Child 200 mg/day; Resident Adult
100 mg/day; Worker 50 - 480 mg/day,
depending on type of worker assumed
(SDEF, pp. 6, 10).

Sediments in an intermittent stream should
be considered as surface soil for the portion
of the year the stream is without water. In
most cases it is unnecessary to evaluate
human exposures to sediments covered by
surface water.

Potable water ingestion rates should be as
follows: Resident Child 1 ¢/day; Resident
Adult 2 ¢/day; Worker 1 £/day (EFH, p. 2-
3).

Ingestion of 50 ml/hour of surface water
should be used for exposures to water
during swimming (RAGS, p. 6-36). Intake
rates for exposure to surface water during
wading should be 50 ml/hour for children 1-
6 and 10 ml/hour for adolescents and adults.

Fish ingestion is highly variable and site
specific intake assumptions are most

11/95



desirable since data vary greatly.

g/day (in combination with a exposure
frequency of 350 days/year) unless a site
specific fish ingestion study has been
performed (SDEF, p. 12). If a site specific
fish study is used to determine the number
of meals -of fish consumed during a given
time period, Region 4 suggests a default
value of 145 grams per meal, If site-
specific information indicates the presence
of subsistence fisherman, an evaluation of
their greater intake should be considered.

Dermal Contact

The areas of the body receiving exposure to
the specific media should be considered and
summed to obtain the skin surface area.
The Exposure Factors Handbook (EFH),
Dermal Exposure Assessment: Principles
and Applications (DERMAL), or RAGS can
be used to determine the surface area of
each portion of the body which is exposed.

Where chemical-specific information is not
available, dermal absorption factors of 1.0%
for organics and 0.1 % for inorganics should
be used as defaults in determining the uptake
associated with dermal exposure to
contaminated soils (this includes the soil
matrix effect).

The soil to skin adherence factors given in
RAGS (1.45 mg/cm? to 2.77 mg/cm?) are
outdated. New data in this area indicates
that this range should be changed to 0.2
mg/cm® to 1.0 mg/cm* (DERMAL, p. 8-
17). The value of 1.0 mg/cm? is considered

appropriate for evaluation of RME intake
assumptions.

Dermal-aqueous permeability coefficients
should be obtained from tables or calculated
from equations presented in EPA’s Dermal

Default’
fish ingestion should be considered at 54 .

3-4

Guidance. Table 5-3 should be used for,
inorganics and Table 5-7 should be used for
organics (DERMAL, pp. 59, 5-39)
Additionally, ATSDR Toxicological Profiles
are an acceptable alternative source. '

Inhalation

The default inhalation rate for adults is 20
m®/day (SDEF, p. 6). Children should be
considered at 15 m’/day (EFH, p. 3-41),
Site specific inhalation rate should be
considered based on the worker activity af
the site; 20 m*work day is an acceptable
default (SDEF, p. 10).

Exposure to VOCs During Showering

It should be assumed that showering
exposure is equivalent to exposure fron
ingestion of two liters of contaminated wate;
per day based on the recommendation o
The Risk Assessment Forum (RAF, p. 1-2)
This method includes exposures Vi
inhalation and dermal routes and is appliet
to adolescents and adults.

Exposure Frequency

Default exposure frequency should be
considered at 350 days/year for residents
and 250 days/year for workers (SDEF, pp.
5, 9). Current exposure assumptions should
represent conservative actual occurrences as
accurately as possible.

As a default, Region 4 believes swimming
frequency in the southeast should be 45
days/year. However, for backyard
swimming pools, in the southern portion of
the region, a substantial increase in exposure
frequency over the 45 days/year should be
considered based on site specific
information. Region 4 recommends that a
backyard swimming pool exposure

11/95



frequency of 90 days/year should be
considered.

‘Exposure Duration

/A 30 year exposure duration (6 years as a
%hild and 24 years as an adult) is the default
;ssumpt.lon for residents. Default worker
=xposure duration should be 25 years

'SDEF, pp- 5, 9).
Use of the Fraction Ingested (FI) Term

Office of Health Assessment should be
consulted regarding the use of the FI term.
A FI of 100% is used except in hot spot
exposure assessments and in the evaluation
of exposures to intermittent streams.
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RECORD OF SCDHEC/EPA-IV/SR EXECUTIVE FORUM MEETING

NOVEMBER 29, 1995

ISSUES DISCUSSED

Technology Development

¢ SR briefly updated the progress on deploying new ER technology. Good cooperation
between the site and regulatory staffs was highlighted, and a recent letter in which EPA
commended SR for involving EPA in the technology development process was noted as
further confirmation of a collaborative process.

e EPA will track the $10 million for technology development and a desired FY97 FFA
milestone based on technology development.

¢ Deployment of new ER technology has been an ongoing process for several years, and will
be accelerated in FY96 as a result of the post-Rock Hill momentum.

Enforcement Actions

¢ The possibility of terminating the enforcement action process tor the tritium release and the
IROD for the F- and H-Areas groundwater remediation was discussed. EPA will continue to
leave the enforcement action open for the IROD and track the SRS commitment to meet the
RCRA remediation schedule. EPA will determine the status of the triium NOV.

¢ Elevating issues to the management of the three parties for resolution prior to initiating
enforcement actions was discussed.

Fish Contamination

¢ SR provided a chronology of the fish contamination events.
¢ The initiation of the potential EPA enforcement action regarding this action was discussed.
¢ The technical staffs of the three parties plan to meet to determine if any action is necessary.

Status RCRA Applicability to Nuclear Materials

¢ SR provided a chronology of actions regarding the applicability of RCRA to nuclear
materials.
¢ A SCDHEC response to the SRS position letter can be expected in December.



MEETING RECORD
MEETING DATE AND TIME: February 6, 1996, 10:00 A.M.

MEETING LOCATION: Lower Savannah District Office of the South
Carolina Department of Health and

Environmental Control, 218 Beaufort Street,
NE, Aiken, SC

PURPOSE OF MEETING: Follow-up on issues related to radioactivity
in Savannah River fish

ATTENDEES: See Attachment 1

The attendees were welcomed by Myra Reece of the South Carolina Department of
Health and Environmental Control (SCDHEC), Aiken Office.

The meeting was turned over to Gail Whitney of the Environmental Compliance
Division of the Department of Energy, Savannah River Operations Office (DOE-
SR). Ms. Whitney reviewed the status of issues and actions that the group would
discuss (see Attachment 2, Items 1-4, 9, 12, 14, 18, and possibly 16).

SUBJECTS DISCUSSED:

+ What methodology and data were or should be used to calculate risk value?

- A SCDHEC representative showed overheads and led discussions on the
following:

Risk varniables for edible and non-edible fish sections (see Attachment 3)
- What SCDHEC considered edible and non-edible fish.

- What methodology was used.

- Multiple sampling locations.

Risk from ingestion of edible and non-edible sections of fish contaminated
with cesium-137 and strontium-90 caught in the Savannah River (see
Attachment 4).

The similarities in the Georgia Department of Natural Resources (GDNR)
and the DOE data.

Subsistence fishermen - a discussion took place on who fishes, where they
fish, and why they fish.



Follow-up Fish Issues Meeting
Page 2

It was stated that the GDNR and SRS are using the WSRC/EMS Fish
Monitoring Plan (see Attachment 5).

It was asked if either agency had data on other rivers. SCDHEC indicated
they had not looked at other rivers; GDNR reported they had sampled three
other rivers.

- A Westinghouse Savannah River Company representative showed overheads
and led discussions on the:

Review of data from SCDHEC, GDNR, and SRS regarding radionuchdes in
Savannah River fish (see Attachment 6).

Agency assumptions utilized to calculate risk (see Attachment 7).
A question was asked about the site’s revisions to the environmental
monitoring program and if the revisions would impact the fish monitoring
program. Ben Gould, DOE-ECD, indicated there are no plans to reduce the
current level of sampling nor will any revisions reduce the quality of the

monitoring program.

A GDNR representative presented an overview and led discussions on the
actions performed by the State of Georgia:

Reviewed 1991 strategies;

Looked at lakes and rivers;

Targeted fish most likely to be caught;
Analyzed for 44 contaminants;

Developed and issued guidelines in the form of a pamphlet that provides
information to people in a user friendly way.

Georgia will base their fish advisories on an approach that informs people
how much fish they can eat and how often in order to remain in the safe
category.



Follow-up Fish Issues Meeting

Page 3

» Ms. Whitney suggested each agency identify two or three representatives
to serve as members of a committee to review of the 1992 adopted Fish
Monitoring Plan. This committee should meet in the very near future to
assess and identify needed revisions to the plan before the group present
today reconvenes.

DECISIONS REACHED:

» SCDHEC will evaluate the data to determine if a concern still exists; review the
data from the source sites, and meet to discuss communications strategy.

» All parties should use the same sampling and analyzing procedures.

* DOE will consider conducting a survey regarding subsistence fishermen;
SCDHEC indicated they could provide a point of contact for such a survey.

* A few representatives from each agency will meet in the near future (before the
larger group meets again) to review the 1992 Fish Monitoring Plan.

* The next meeting will be scheduled within a month. SCDHEC representatives
will inform Ms. Whitney of a suitable date.

ATTACHMENTS:

Attachment 1:

Attachment 2:

Attachment 3:

Attachment 4:

Attachment 5:

Attachment 6:

Attachment 7:

Meeting Attendees

Issues

Risk Variables for Edible + Non-Edible Fish Sections

Risk From Ingestion of Edible + Non-Edible Sections of Fish
FC{;)Jletraminated With CS-137 + SR-90 Caught in the Savannah

The WSRC/EMS Fish Monitoring Plan

Review of Data from SCDHEC, GDNR, and SRS Regarding
Radionuclides in Savannah River Fish

Agency Assumptions Utilized to Calculate Risk
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MEMORANDUM

SUBJECT: Public Information Exchange Sessions
at the Savannah River Site

FROM: Camilla Bond Warren, Chief
Department of Energy Sectio£%6W0ﬁANL“v/

TO: David Levenstein

Office of Enforcement and Compliance Assurance
(Mail Code 2261)

Marianne Lynch, Regional Liaison
Office of Federal Facilities Reuse
and Redevelopment (Mail Code 5101)

The Environmental Protection Agency (EPA), the Department of
Energy (DOE), Savannah River Site (SRS) and EPA, Region IV
embarked on an innovative approach to access stakeholders -
public information exchange sessions. This approach was designed
to enhance the dialogue between the stakeholders, the requlating
agencies and the DOE Site. On June 26-27, 1995, three
information exchange sessions were held in Savannah, Georgia, a
downstream community. Although not near the site concerns had
been expressed regarding the impact of the drinking water form
the Savannah River. This allowed greater opportunity for these

stakeholders to express their concerns and hear directly form the
agencies.

To capture the concerns of the community and assist in
evaluating the information needs of this area, a total of 2000
questionnaires were mailed and distributed at the meetings.

These completed questionnaires were returned to EPA via "postage
paid" envelopes. Approximately 22 responses were received. 1In
addition, the meetings which were transcribed solicited 59
questions. The questions were categorized; of which 25 were
selected and formed the basis for the "Responsiveness Summary."

A second public exchange session was held on December 6,
1995 in Barnwell, South Carolina. The South Carolina Department
of Health and Environmental Control (SCDHEC) participated in this
session. The Responsiveness Summaries were distributed at the

meeting and will also be mailed to those in attendance at the
June pilot.



The requlating agencies and DOE have determined that these
information exchange sessions are very beneficial and allows
greater dialogue and accessibility to the stakeholders. This
aspect of DOE-EPA-State coordination was discussed and agreed
upon in the July 1995, SRS Workout Session. Since the SRS
Workout, DOE,EPA and SCDHEC managers are working to coordinate
these meetings on a quarterly basis in order to streamline and
improve public involvement activities.

Attachment: Responsiveness Summary



Summary of Questions Asked
at
EPA/DOE PUBLIC INFORMATION EXCHANGES
(June 26 & 27, 1995)

Groundwater

Where do the contaminants go when you take them out of the
water? (Source: June 26, 1995, Page 9, Line 18)

Basically, solvents are Dbeing removed from the
groundwater. When the water goes through the air stripper,
the solvents are removed and they are emitted to the air.
Ultimately, the ultraviolet rays from the sun destroy the
solvents.

wWhen you talk about remediating contaminated water, what
do you do to 1it? (Source: June 27, 1995, Evening
Meeting, Page 10, Line 14)

It depends on the contaminant in the water. Water comes
into the top of the taller stripper unit and blows air up
from the bottom. The solvents go into the air and come out
of the water. easily. The water that comes out is clean
and it goes back into the stream. Although it is clean, it
is monitored regularly. The volatiles go into the air and
the UV rays from the sun destroy them. We also
demonstrated and we intend to put in service
bioremediation. Methane is injected into the ground where
there are microbes that live in the earth, but they’re not
very active. When you feed them methane, they become more
active and these microbes, eat the solvents and they
process them in their own small bodies. The discharge is,
again, not hazardous any longer.

Do you have monitoring devices to determine if there is
contamination in the lower aquifers? (Source: June 27,

1995, Evening Meeting, Page 17, Line 13)

Yes.



4. Is SRS on the recharge line for the Florida aquifer?

(Source: June 27, 1995, Evening Meeting, Page 52, Line 3)

No, SRS is not on the recharge line for the Florida

aquifer.



Health

1. Since you have become involved with this, has a study been
conducted on the personnel ‘at SRS who work around that
material to find out how they are impacted? (Source:
June 26, 1995, Page 46, Line 1)

All the workers at Savannah River are monitored each year.
All workers are required to take-appropriate training.

The Agency for Toxic Substances and Disease Registry 1is
looking into any public health impacts of releases from
the process and, they’'re forming a Citizens Advisory Board
to address these issues.

In addition, the National Institute of Occupational Safety
and Health (NIOSH) 1is a part of the National Institute of
Health, and they just released a preliminary study that
indicated that among a small population of site workers,
there has been small incidence and a statistically
noticeable blip of leukemia among a very small segment of
the site population. The National Institute of Health and
the Centers for Disease Control did a cancer study on all
nuclear sites, both commercial power plants and DOE
facilities, the surrounding communities and then control
communities a distance away. No significant differences
were found in the cancer rates among those communities.
we have had worker studies from day cne at the site. Our
own studies indicate that there‘s been no significant
difference in the number of cancers seen in the site
worker population of those outside.

2. Is strontium also present in drinking watex? (Source:
June 27, 1995, Page 43, Line 8)

Yes. Strontium, chemically, 1s everywhere in nature.

Chemically, it’s very similar to calcium. You find it in
concrete, you find it in your homes, you find it in paint,
trees, rivers and minerals. Strontium is a radionuclide.
It’s produced as a by-product when reactors operate. When
atoms split apart, sometimes the fragments have an atomic
rate of 90, and it’'s the element strontium. Strontium-90
has about a 30-year half life. If there was any natural
strontium-90, it died billions of years .ago, so



essentially all strontium-90 in the world today is the
result of nuclear industry or weapons production or
atmospheric testing_ofgweathe:

what kind of data/information are available on fish?

(Source: June 27, 1995, Morning Meeting, Page 47, Line 7)

Fish from certain locations near the Department of Energy
Savannah River Site are contaminated from off-site
releases of radioactive contaminants from the facility.
Some of these contaminants are cesium-137 and strontium-

90 .

Were the present EPA standards based on the 1980
conference by the National Academy of Science called the
Biological Effects of Ionizing Radiation (BEIR 3)?
Source: June 27, 1995, Morning Meeting, Page 54, Line 10)

EPA radiation protection standards are based largely on
the results of the BEIR V Report, which was produced by
the National Academy of Sciences (NAS). However, EPA also
uses health effects data and dose and risk models from a
number of other national and international scientific
advisory commissions and organizations. Besides NAS,
these organizations include the National Council on
Radiation Protection and Measurements (NCRP), the United
Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR), and the International Commission on
Radiological Protection (ICRP).

What is the greatest risk from SRS to the citizens of
Savannah at the present time? (Source: June 27, 1995,
Morning Meeting, Page 64, Line 6)

There are two types of risk - human health and ecological.
The greatest current risks we have identified result from
contaminated groundwater plumes that are seeping into the
Savannah River. We do not see imminent human health
exposures to be problematic at this point, but we do see
some potential, and probably imminent, ecological issues
that need to be addressed from some of those areas. They
are identified as- the F and H-Areas.




Our worst "potential" human and environmental risks are
posed by the presence of the high level waste tanks.
There are two reasons why these tanks present our greatest
potential risks: 1) their quantity, about 35 million
gallons, and 2) the fact that their contents are
essentially a liquid. The contents are a sludge, a very
concentrated sludge, but it truly is liquid and could be
dispersed into the environment, contaminating fairly large
areas with very high radioactivity and be very dangerous
to fish, human health, and products. The risks presented
by the contents of the high level waste tanks are
minimized by performing safety integrity checks of the
tanks.

. We know that x-rays build up in your body over a long
period of time. If you drink a. lot of the water are you
going to have a problem with tritium? Is it just going to
keep accumulating like strontium-90? (Source: June 27,
1995, Evening Meeting, Page 49, Line 23)

Tritium resembles water so closely that the body can not
recognize that it's different from water. Most of the
body is water so, it’s distributed throughout the body.
Tritium does not stay very long, but if you drink it all
the time, you may have a certain level in your system at
all times. 1It depends on the concentration and the dose.
The drinking water in Savannah comes from the ground right
now and not from tne river. We know that the level is
still safe with regard to the national drinking water
standard.



Savannah River

1. Is the Savannah River tested constantly in this Savannah

area? (Source: June 26, 1995, Page 26, Line 5)

Yes. It’'s tested in several places. It's tested
downstream before it reaches the city of Savannah and
Beaufort, South Carolina, and at various points in
between.

Can the Savannah River be used for drinking water?
(Source: June 26, 1995, Page 26, Line 20)

Yes.

How safe is the water in Savannah River? (Source: June
27, 1995, Evening Meeting, Page 39, Line 13)

The Savannah River as it leaves the site and comes on
downstream meets all the drinking water standards that
there are.

Why are there not many fish in the Savannah River in this
area? (Source: June 27, 1995, Evening Meeting, Page 40,
Line 3)

The Savannah River corridor has been a heavily industrial
area for a long time; so nationally the trends are and the
facts are that fishing is not what it wused to be, not.
just in the Savannah, Georgia area, but in other areas.
EPA is basically trying to pick off these industrial areas
one at a time and try to ratchet back clean water at each
stream that enters the Savannah River and make water more
fishable and swimmable.



Appendices C, G, and H

1. How long does it take to evaluate the sites listed in each
appendix and to move them from one classification to
another? 1Is it possible that you have something on these
lists that could endanger citizens? (June 26, 1995, Page
32, Line 4)

The Appendix G process usually takes between three to six
months to evaluate whether or not the site needs to either
go to Appendix C or whether or not the contamination, if
any is present, does not exceed any of the established
requirements. Once it moves from Appendix G to Appendix
C, the typical time frame for evaluating what needs to
happen, if anything, is approximately eighteen months.
Once we determine whether of not there’s further
remediation needed, then we gé.through the process of
bringing it to the public and identifying the alternatives
of the types of cleanup activities we are going to use to
clean up that particular area of concern.



Tritium

1.

There was a grant given to Georgia last year to study
tritium leaking into the river. What were the results of
that study? (Source: June 27, Evening Meeting, Page 28,
Line 9)

The conclusion that was drawn by those studies was this
was a small amount of airborne tritium coming down with
the rainfall rather than the groundwater migrating
laterally in to Georgia.

What is the level of tritium on the Savannah River?
(Source: June 27, 1995, Evening Meeting, Page 41, Line
20)

The SRS information averages approximately 1,000
picocuries, January through Maxrch. The Safe Drinking
Water Act has establiblished a Maximum Contaminant Level
(MCL) of 4 millirems per year for gross beta emitters,
such as tritium. This MCL is equal to 60,900 picocuries
per liter of water.

Is tritium naturally-occurring in water? (Source: June
27, 1995, Evening Meeting, Page 51, Line 13)

Tritium is found in rain water and is produced by the
interaction of sunlight in the upper atmosphere and, up to
World War II, tritium was used to date groundwater.



Budget

1. Is the budget for SRS $60 Million a year? What is the
estimated cost to clean it up completely? (Source: June
27, 1995, Evening Meeting, Page 27, Line 2)

The cost to clean up the site can not be determined.

2. Why is the SRS budget so much lower than other DOE sites?
(Source: June 27, 1995, Page 46, Line 5)

The Department of Energy is responsible for formulating
that budget and getting it up to Congress. That question
was ralsed by the EPA one year ago and when the Department
of Energy people looked at it they agreed to 1increase
clean up dollars at SRS.



FFA

1. Explain the relationship between EPA, DOE, and the Federal
Facilities Agreement as it relates to SRS (Source: June
27, 1995, Evening Meeting, Page 25, Line 25)

The agencies agree up front to a schedule of compliance
for the facility that’s suitable to the requlators both at
the state and federal levels. 1It'’s required by CERCLA of
Superfund, Section 120, to get a compliance schedule from
the Department of Energy.

10



CERCLA/RCRA

1. Are CERCLA and RCRA the major tools under the Federal
Facilities Agreement? (Source: June 27, 1995, Evening
Meeting, Page 38, Line 9)

The state of South Carolina got out there first with DOE
and had some RCRA permits issued and RCRA permits required
cleanup of some old waste sites as early as 1987. The
site was listed a couple of years later on the NPL as a
Superfund site. One of the areas that the state wanted to
ensure that the agreement delineated was the CERCLA
responsibilities, the old disposal practices that were not
part of the RCRA permit and it could be separated out and
that things were not duplicated across the board from a
state and federal authority standpoint. CERCLA and RCRA
are the tools and those are the tools nationwide for the
defense and energy sites. Savannah River is no different
from the others. Hanford, Oakridge, Fermold, all the big
DOE sites have either Federal Facilities Agreements or
RCRA permits that are driving the cleanup schedule.

11



Miscellaneous

1. I would like to know how many underground storage units

you have and how many gallons of radiocactive waste you
have in them and whether they are still leaking. (Source:
June 26, 1995, Page 11, Line 18)

Fifty-one high level radioactive tanks.

What interaction does the Environmental Restoration
Division have with the co-trustees for the Natural
Resources at SRS? (Source: June 27, Morning Meeting,
Page 77, Line 24)

Ms. Duncan - I attended the last Trustee Council meeting,
representing the Department of Interior, and 1’'ve heard
here more today on what is being done at SRS than I‘ve
heard in the past three and a half years. The last
Trustee Council , made an effort to put together a
strategy to get more involved, to get more to the
administration of DOE. In response to some of the
comments about your budget, I specifically requested that
the trustee interest and activities be represented in the
SR budget.

12
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FOR IMMEDIATE RELEASE:
May 14, 1996

COLUMBIA - A fish consumption acvisory for the Savannah River issued In January
1995 based on mercury in fish Is being expanded 10 include il species of fish based on
measurad levels of two radioactive isctopes, the §.C. Department et Health and Environmental
Control reportad today.

The expandad advisory applies only to a portion of the river from Baech island in Aiken
County downstream to the Webb Wildiife Canter in Hampton County.

*Resuits of figh testing in the Savannah Rivar showed elevated levels of Cesium-137
and Strontium-90,” according ta MHarry Mathis, assistant chief of DHEC's Bureau of Solid and
Hazardous Waste Managemont. “While radiolsotopss are commonly present in the
environment and the presence of Cesium-137 and Strontium-80 have been rautinely reported
gince 1959, this is the firet time we have evaluated the data using & more comprehansive
quantitative sk analysls. ‘Thesa radicisotope releases occurred dua to historical methods for
the dispasal of radiaactive material at the site These mathods are ne longer used at SRS ta
dispose of radioactive material, and dischgrge to sireams have beon roduced. We balieve the
results of the rigk analysie need to be communicated. The analysis of this data is part of the
state's continuing offon 1 measure levels of radioigotopes in fish near nuclear facilities In the
state. The advisory was expanded to communicate thess risks, especially to peopie who
routinely eat fish caught in the river.”

Mathis said the radidisotopd contamination concem I for fish only. As with mercury,
fish also concentrate the radioisotopes to levels of concem. Water samples from the
Savannah River analyzed for radioactivity indicated that the safety of drinking watar is not
affectsd, ,

“The types of fish eampied include sucker, bowfin, shad, largemouth bass, striped
bass, bream, carp, catfish, and mullet,” Mathis sald. "There are plans to sample additional fish
and otier aguatic species in the Savannah River that may be exposed to the {sotopas.”

*We believe expanding the advisory will provide pecple the information they need to
maks [nformed decisions abowt which fish to eat and how much,” he gaid.

The Savannah River's fish consumption advisory extanding from Lake Thurmond
downstream to Interstate 95, issued 17 months ago based on the presence of mareury, is still
In effact and includes the recommendation that pregqnant women, women planning to become
pregnark, infants and children may face the highest risk of health probiems and should not sat
any fish from thesa waters,

“The U.S. Environmantal Protection Agency is working with us to try to identify groups
potentiaily at risk,” he eaid.

"While humans can eliminatd some of the radisisatopes through body wastes,” said
Chaery! Nybro, risk agsassor for DHEC's foderal faciliies section, the ¢ancentrations and types
of radiolactopas in thase samples are high enough 16 warrant notification. The rigk of an effect

“Morg.



from radiation can be reduced if peopie are aware of and follow guidelines.”

Mathis said watdr from the Savanmah River i8.3afa for drinking water purposes and
racreational river uges. Finally, consumption ¢f fish otrained from the Savannah River is safe if
consumed in a mannar consistent with the advisory's guidalines.

Peaple with questions about the advisory or fish consumption guidelines may call
DHEC's Environmantal Quality Control distriet offices in Greemwood at (864)223-0333, In Alken
at (803)641.7870 or in Beaufort a (803)522-9097.

.

For Further Infarmation:
Thom Berry - (303)734-5043
Harry Mathls - (803)896-~4000
Cheryl Nybro - (803)896-4087
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FISH CONSUMPTION ADVISORY
FOR THE SAVANNAH RIVER*
(Pounds per Month)
Lake Thurmond to Beech Island LMB** - 4.75
All other fish - no limit
Beech Island to Allendale/Barnwell County Line LMB**-. 175
All other fish -1.5

Allendale/Barnwell County Line to Webb Wildlife LMB** -2.5
All other fish - 4.0

Webb Wildlife to 1-95 LMB** -1.0
All other fish - 1o Jimit

x Pregnant women, women planning to get pregnant, infants and children

should not eat fish from the Savannah River,

X% LMB - largemouth bass
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RISK ASSESSMENT AND FISH CONSUMPTION
ADVISORY FOR THE SAVANNAH RIVER BASED
ON RADIONUCLIDES PRESENT IN FISH
UPSTREAM, ADJACENT TO, AND DOWNSTREAM

OF THE SAVANNAH RIVER SITE

Donald L. Siron
Risk Assessor
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Introduction

The Savannah River Site (SRS) is 2 United States Department of Energy facility occupying
approximately 310 square miles within Aiken, Barnwell and Allendale counties of South Caroina,
The SRS operated from 1952 to 1988 to produce nuclear materials primarily for national defense. As
a result of these operations over 50 different radioisotopes were released to the environment
(Cummins et al.,, 1991). The SRS presently serves as a storage facility for radioactive and other
contaminated waste.

A risk assessment was performed to assess the potential for adverse human health effects due
to ingestion of Savannah River fish contaminated with radioactive material. Human heaith effects
were considered only in this risk assessment; no analyses were performed to quantify risk to
ecological receptors, This risk assessment follows the EPA Risk Assessment Guidance for Superfund
or RAGS (EPA, 1989) and Region IV Supplemental Guidance to RAGS (EPA,1995),

The Savannah River Site (SRS) is bounded to the west by a 35 mile stretch of the Savannah
River. Five major streams from SRS flow into the Savannah River; Upper Three Runs Creek, Four
Mile Creek, Pen Branch, Steel Creek and Lower Three Runs Creek. These streams directly receive
effluents from SRS operations as well as runoff from past activities and disposal practices and
transport contaminants to the Savannah River. The Savannah River contains Cesium-137 (Cs-137)
and Strontium-90 (Sr-90) which are man-made radioactive isotopes that are directly related to SRS

operations. These two radionuclides are known to be bioaccumulated in fish and were specifically
chosen for risk assegsment.

Methods

The Westinghouse Savannzh River Company Environmental Protection Department (WSRC-
EPD) Savannah River fish sampling database for 1993 and 1994 was used for the basis of the risk
calculations (Appendix A). This database contains radionuclide concentrations from 257 fish
samples. Fish samples were collected from sites on the Savannsh River upstream, adjacent to, and
downstream of the Savannah River Site. Concentrations of Cs-137 and Sr-90 were reported in both
edible and non-edible fish portions.

Risk calcuiations were performed using the risk assessment methodology in accordance with
United States Environmental Protection Agency (USEPA) Risk Assessment Guidance for Superfund
(RAGSYEPA, 1989). The risk was calculated using the foliowing formula:

Risk = (concentration)(exposure duration)(ingestion rate)(slope factor)

Where:

concentration = pCikg
exposure duration = years
ingestion rate = kg/year

slope factor = unitless constant
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The exposure duration of 30 years was used to represent a lifetime residential exposure based
on USEPA guidance (EPA, 1989). Two fish ingestion rates were used: 1) 19 kilograms per year
(EPA Region IV Guidance) to address the sport fishing scenario, and 2) 50 kilograms per year (90th
percentile as reported in the USEPA Exposure Factors handbook, Draft 1995) to represent the
subsistence fishing scenario. Oral slope factors used in the risk calculations were obtained from the
EPA’s online Health Effects Assessment Summary Tables (HEAST). Radioisotope slope factors ace
calculated by EPA’s Office of Radiation and Indoor Air (ORIA) to assist HEAST users with tisk-
related evaluations and decision-making at various stages of the site remediation process. The EPA
classifies all radioisotopes as Group A (known human) carcinogens. The slope factors used were
3.16x10™ (Risk/pCi) for Cs-137 and 4.09x10™"" (Risk/pCi) for Sr-90.

The measured radionuclide concentrations in fish were organized into three groups or “river
segments” according to location: 1) Upstream of SRS, 2)Adjacent to SRS, and 3)Downstream of
SRS (Appendix B), These “segments” contain data from individual sampling points. The “Upstream
of SRS” segment contained data from the area below the Augusta Lock and Dam. The “Adjacent
to SRS” segment contained data from Upper Three Runs Creek mouth, Beaver Dam Creek mouth,
Four Mile Creek mouth, Steel Creek mouth and Lower Three Runs Creek mouth. The “Downstream
of SRS” segtent contained data from the Highway 301 Bridge area, Stokes Biuff Landing and
Highway 17A Bridge area. Microsoft Excel was used to calculate average and maximum
radionuclide concentrations for each sampling point as well as an average of the maximum
concentrations of individual sampling points for each segment (Appendix B). The average of the
maximum value (concentration) for each segment was used in the risk calculations (Appendix C),

Discussion

The purpose of this risk charactenization is to asses the potential for adverse human health
effects associated with the ingestion of Savannah River fish containing radionuclides. The CERCLA
risk calculation provides numbers reflecting the excess lifetime risk of excess cancer, These
calculated incremental lifetime cancer risks are a result of specific exposure (ingestion) to
radionuclides in Savannah River fish. Risk numbers generated as a result of this risk assessment are
presented in Table | below. A graphical presentation of this risk data with respect to river location
is presented in Figure 1.

The EPA considers risk numbers less than 1.0x10* (i.e., one additional case of cancer over
what would be normally expected in a group of 1,000,600 people) as negligible. Calculated risk
between the 1.0x10™ and 1.0x10™ range requires risk management decisions to either remove the
contamination or minimize exposure to the public, workers and the environment. Risk greater than
1.0x10** (one additional case of cancer in a population of 10,000) could require some form of
corrective action or remediation.
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TABLE 1
Calculated risks for ingestion of Savannah River fish containing Cs-137 and 8r-90 (using 1993-94
data).

River Segment Sportfishing Scenario Subsistence Fishing Scenario
Upstream of SRS 2.4x10 6.3x10°*
Adjacent to SRS 3.8x10* 1.0x10
Downstream of SRS 1.5x10° 4,0x10°

Consumption limits of Savannah River fish that are protective of the 1.0x10" risk range were
calculated uging the following formula:

Consumption Limit = risk + (concentration)(exposure duratien)(slope factor)

Where:

consumption limit = kg/yr
concentration = pCikg
exposure duration = years
slope factor = unitless constant

Consumpt:on limits were calculated independently for both Cs-137 and Sr-90 in Savannah
River fish since the slope factors are constituent-specific (Appendix C). The resulting consumption
limits are presented in Table 2 and Table 3 below. The most conservative of the two consumption
limits drives the overall maximum consumption limit in the Fish Advisory.

TABLE 2
Fish Consumption Limit Protective to 1.0x10"* Risk for Cs-137 (Edible and Non-Edibie Portions)
River Segment Kilograms per Year Pounds per Month
Upstream of SRS 25.1 46
Adjacent to SRS 109 2.0
Downstream of SRS 38.1 7.0
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TABLE 3
Fish Consumption Limit Protective to 1.0x10° Risk for Sr-90 (Edible and Non-Edible Portions)
River Segment Kilograms per Year Pounds per Month
Upstream of SRS 15.1 2.8
Adjacent to SRS 11.8 | 2.2
Downstream of SRS 24,4 4.5

The January 1995 DHEC fish consumption advisory from Lake Thurmond downstream to
Interstate 95 based on mercury levels in Savannah River fish was expanded in May 1996 to inciude
all species of fish based on measured concentrations of Cs-137 and Sr-90 (Table 4). The January
1995 fish consumption advisory based on mercury levels only considered Largemouth Bass and
Bowfin, The May 1996 advisory only increased the number of fish species from Largemouth Bass
and Bowfin to all species of fish. The fish consumption rates were not altered from the original
advisory based on mercury.

TABLE 4
Fish Consumption Advisory for the Savannah River Based on Mercury Levels (SCDHEC, 1996).
River Segment Largemouth Bass All Other Fish
Pounds per Month Pounds per Month

Lake Thurmond to Beech 475 no limit
Island
Beech Island to 1.7§ 1.5
Allendale/Bamwell County
Line
Allendale/Bamwell County 2.5 4.0
line to Webb Wildlife
Webb Wildlife to 1-95 1.0 no limit

The river segments from Beech Island to the Allendale/Barnwell County line and
Allendale/Barmwell County line to Webb Wildlife include the three river segments considered in this
radionuclide advisory. The most conservative fish consumption limit (within the three segments
considered for radionuclides) based on mercury levels in fish is 1.5 pounds per month. The most
conservative fish consumption limit (for the same three segments) based on radionuclides is 2.0
pounds per month, therefore the consumption limits based on mercury are also protective for
radionuclides.
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Uuncertainty

There are several sources of uncertainty associated with risk assessment methodology. These
uncertainties may serve to over or under estimate risk.

v and Ouantity of D

The fish data used in this risk assessment was from one source (WSRC-EPD) for a two year
period only (1993-1994). There were no acceptable quality control samples taken during this period
from other organizations for comparison. DHEC is currently developing a fish sampling protocol for
the Savannah River which will increase the quantity and quality of data used for risk assessment
calculations.

Analysis results from the WSRC-EPD data were reported by fish species as edible or non-
edible portions. No information was available regarding fish consumption patterns of local residents
(i.c., fish species caten, preparation, cooking methods). Al fish portions were therefore considered
to be “edibie” for this risk assessment due to the inability to determine what portion of a fish was
considered to be “edible” or “non-edible”.

Pish S

The fish sampling plan used by WSRC-EPD only requires a minimum weight of 200 grams
(7 ounces) and no maximum weight was specified. Individual fish weights were not available
therefore it is unclear whether larger more mature fish were sampled. Due to the high
bioaccumulation potential for Cs-137 and $r-90 large fish would be expected to contain higher
concantrations of these radionuclides. If the majority of fish sampied were relatively small, then the
exclusion of large fish would serve to under estimate risk.

Conclusions

The principal risk to the public from the release of the radionuclides Cs-137 and Sr-80 to the
environment is from the consumption of Savannah River fish. This risk is due to the high degree of
bicaccumulation for radionuclides and other contaminants observed in fish. The element cesium has
a bioaccumulation factor of 3,000 in Savannah River fish, therefore the concentration of cesium in
fish tissue should be 3,000 times greater than the concentration of cesium in Savannah River water
(WSRC, 1996).

Risk numbers calculated for the sportfishing scenario (19kg per year consumption rate) and
subsistence fishing scenario (50 kg per year consumption rate) using the 1993-1994 data are in the
1.0x10* to 1.0x10 range. The risk management decision based on these excess lifetime cancer risk

numbers was to formally notify the public by expanding the DHEC 1995 Savannah River fish advisory
for mercury to include all species of fish
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SRS DATA BY RIVER SEGMENT
E= £dible Resuit {Uncerainty |Date Fish Location
NE=Nonedib. wet pei/

Sample # *compasite
(UPSTREAM SRS) .
9390793400 E 6.39E.02| ,2.09e-02 |,10/26/83, Bass Augusta Lock and Dam
[4390793800 _E 1.095-32 8.3%e-03 | 10/26/83, | Bass | Augusta Lock and Dam
9360703500]  NE 2.75E.01] ,8.238-02 | 10/26/93, | Bass | Auqusia Lock and Dam
'§300704000] _E 9.00E-03| 0.17E.08 |10/26/63, | _ Bass | Augusta Lock and Dam
[9380794200]  NE 3.21E-01] ,6.780-02 |,10/26/03,]  Bass |, Augusia Lock and Dam
9490036500]  E 4.21E-011 .3.17e-02 |,10/26/93,(  Bass usta Lock and Dam
B450036500] & | 600 | 2.856-02] 7.316-03 |,10/26/08. | Bass &gﬁ! AT
9450036600] _NE 3.316-01] 2.556-02 |.10/26/53, | Bass usta Lock and Dam |
(480036800 NE 1.09E-01] 2.77e-02 |.10/26/93, | _ Bass | Augusta Lock and Dam
5350767400] € 1890 | 3.32E-03] 2.00E-02 |10/26/93, | Bream |Augusis Lotk and Oam
{9390797500] NE | —.09E-01] .7.508:02 |,10/26/98. ] Bream |.Augusta Lock and Dam
SaSOTEE00] B Co17 | TB8E 0T 10807 | TU2E | Hream | Auiste ok B
[93g0707600] _ E 6.49€-03] 1.78e-02 | 10/26/63. | Bream | Augusta Lock and Dam |
6360797700] NE 2.38E-01] 6.08e-02 | 10/26/93, | Bream _| Augusta Look and Dam |
0480038600 E 1.96E-02] 1.08e-02 }10/10/93,| Bream | Augusta Lock and Dam
8490035800 _NE | | 8.60E-02 ,2.768-02 |.10/10/93,| Bream  |.Auqusta Lock and Dam |
§500088700] _E | 5.86E-03] ,3.540-03 |,00/22/94, aas—"'fqm—
9560096800{ NE_ 1.09E-01] ,3.08e-02 |,00/22/94,]  Bass. .A%.gmmm.m—-—‘
TRGIACENT TO SREj R —

3 E 5.98E-02] 1.67e-02 |,08/14/93 [  Catfish |.U3R Creek River Mouth
J360448500]  NE [318E-01] 6.620-02 |,06/14/93,] Catfish _|,U3R Creek River Mouth |
9300448600 NE | 2.77E-01] 6.18e-02 [,06/14/83,1 Catish |.U3R Creek River Mouth |
9300583100 E 7.93E-02| ,2.30e-02 |,05/14/03, | Catfish__|,U3R Creek River Mouth |
(9380563100 E _ 3.55E-03] 3.74e-03 |.05/14/63,| Catfish | U3R Croek River Mouth |
{9360563200] _NE 1.80E-02| 1.890.02 |.08/14/03,] Catfish | U3R Creek River Mouth . |
9450209500] _E__|.C&- 6.97E-02{ 2.15e-02 |,04/20/94,| Catfish | USR Creek River Mouth
5480259500 E 1,650 | 1.10E-02] 3.54e.03 |,04/20/84,|  Catiish |.USR Creek River Mot ]
(8490200600] NE 1.39E-01{ 4.81e-02 |.04/20/04,| Catfish |,USR Greek River
(o4 [ E [ Sro0 [ 1.88E-02] 7.840-03 |.04/20/84,| Catfish _|,USR Groek River Moelh |
9490206800] NE '.5'953'1""1'7,4. @-02 104/20/64.] Catfish__|,U3R Creek River Mouth |

0300700] £ |.6r-80 | 3.86E-03] 2,886-03 |,04/20/54.] Gatfish |.USR Greek River Nioulh |
TB450300200]_NE_ 1590 | 1.83E-01] 4.33.02 |04/20/64,| _Catfish | USR Greek River Mouth
L N A WA | WY S TN W%%ﬂ
%% E 3.89E-02 8.72¢-03 [,05/18/83,| Gream | Beaver Dam C Mouth

80 NE 1.4‘5@01 L4.01e-gz ,05/18/83,| Bream | Besver Dam Mouth
§480045000] NE 9.77E-01] 9.84e-02 |,05/18/93 Bream |.Beaver Dam Creek River Mouth
5350503800] _E 1,500 | 2.00E-04] 5.04E-03 |06/17/83, | Catfish | Beaver Dam Croek Mouth
(35amoas00NE BEE T 530601 0T Catfah—] Senrar D ok R
[9380804000] __E_ 4 48E-03| ,3.650-03 1.06/17/93,1 Catfieh | Beaver Dam Creek |
9300804100] _ NE L7E-02 r_d_giﬂg 06/17/93,| Catfish [ Beaver Dam Creek River Moutai
8350504100 _NE 8.12E-01] 2.39e-01 |.06/17/%3. ish__|.Beaver Dam Creek River Mouth|

90041500 E 7.90E-02] ,2.21€-02 .0 3,] Catfish {Beaver Dam Croek r Mouth

50041500 E_ | 1.48E-03] 6.45€.03 [08/26/03, | Catfish | Beaver Dam Creek River Mouth
9480043700 NE ~2.74E-03| 5.990-03 |, 3,1 Catfish | .Beaver Dam Greek River

Appendix A
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SRS DATA BY RIVER SEGMENT

o et s e Ca
gg%%% : 2,’?33 L S'2215:0:5 455603 ,05/20/34.|Bass _|,Beaver Dam Creek River Mouih]
5 Ce137 | €.72E-01]_3026:02 |.00/20/54, | Bass | Beaver Dam Croek River Mouth]
ig':gg:—"g'g_gg' :: 2:91: 1.63E-01] 4.156-02 (,09/20/04, [ Bass _ |.Beaver Dam Croek River Mouth{
: 13400 E__ |.C5137 | 5.78E02| ,1.626-02 | 03/30/94,] _Catfish _|.Beaver Dam Creck River Mot outh]
90273100 E 'Sr-so +.26E-02] ,3.55¢-03 1,03/30/04,| Cathish _|.Beaver Dam Creek River Mouth
mgzmasoo NE 1,880 1.56E-01] ,3.16e-02 (,03/30/84, | _ Catfish |, Beaver Dam Creek River Mouth
94:01 00 E 'Sr-so 3.94E-02] 9.43e-03 |03/30/84, | Catfish | Beaver Dam Creek River Mouth

490214100] NE _|.Co-137 | GBBE-02] ,2.110:02 | 0330/94. | Catfish—| Boaver Dam Creek Kiver
D O7E-01| 4.17e-02 |,03/30/04.|  Catfish |, Beaver Dam Gros River Mouth{

2141001 __NE__ [.Sr-90 3, 417602 |, “Lsﬁ_

43 880 9.53E-03] 3.49e-03 [,03/30/94,( Catfi aver Dam C lver
ot A R 204002 | 03/30/64, | Catfish —|.Beaver Dam Greek |
& E_[Sr00 | 142E-02| 7.466.03 |,05/08/53 | Bream | Four Mile Creek River |
“:g:::;gg NE__[,8r-80 1.45E% 0__:_338&11 0 3,1 __Bream |.Four Miie Creek
::soumo ) 6.96E-03] 7.20e-03 1.0 3,] Bream ‘Four Mile Creek River R

: $/06/83,] Bream | Four resk River Mout
9:93:::638 NEE sc.?g7 11?{532 :?S:g; :25106192. Bream our :o Cree er
B0S41T00] € |.5r90 | 1.31E-02] .7 336-03 |.04/06/83.]  Bream | Four Miie Crock River
380541800] NE 1 G817 | 117E01] 313602 | 05/06/85 | Bream | Four Mi:e Cree r ut:
9390541800 , . 0SE+Q0| ,3.85e-01 |,05/06/93, ream__ |.Four Mile Craak outh__|
g::o:::gg NEE .ﬁsr ?&7 1;.:’5\‘."-0:2 1.86e-02 (,05/06/83, 8h _{,Four Mile Cree uth |
9380548100] E | 8r-90 | 2.07E-03| .5.47e-03 |.06/06/83, | Catfish | Four Mile Creek River MOUh |
3 Go,__NE__|.BrB0 B7E-01 —ﬁmmwm,
9300648400 E | ,C3-137_ | 8.08E-02] 1.856:02 |.0G/D&/93. |~ Cathish | Four Mile Crask River Mosti—
D548400] € |.880 | 7.0BE-0I[ 4.066:03 | 0B85 | Calish T FourMic Rl Hoa— |
80548 L_"E*N C5137 | B.63E-02 2:330-02 |.05/06/83, | Catfish |.Four Mile Creek River
350540500] NE 580 | 4.88E-02| 5.61e-02 | 06/08/93, | Cathish ],Four Mo Cresk River Mocth |
& 1880 | 3.87E-03] ,3.850-08 |,06/08/93,| Calfish |.Four Mile Gresk outh
3ogszaag° NE__[8r90__| 3.026-01( ,6.518-02 |,08/08/83, Ca:atﬂsh EFourj mi;lo gr:amW Mouth B
8rgd 4.11E.02| ,8.06e-03 |,05/02/94, ream__{,Four Mile r Mo |
:::“g:”g NEE C8-137 1.08E-01| ,3.08e-02 |,05/02/04 Bream _ |,Four Mile Greek River Mouth . .
80308300 NE _[8r-g0 | 1,08E+00| ,1.280-01 |05/02/94 | Bream |.Four Mile Creek Riv iver—Mwo_m' uth |
84803093 E 8r-00 8.82E-03| 5.38e-03 |.03/28/84. 1 Bream | Four MI r Mouth
[9480300500] _ NE__ |,5:.80 2.2TE-01| ,7.460-02 |,08/28/54,| Bream |.Four Mile Creek River Mouth
9490309800]  E  1.C137 | 2.00E-01] 3.008:02 | 041364 __Bream__|,Four Mile Greek River Mouth |
8480309800 E gn 7.53E-02] .1. 0411904, | Bream |.Four lle Cree
E 37 | 1.46E-01] ,2.870-02 1.04/12/94 Bream |.Four Mile Cree Mouth
:ggﬁéggo ﬂNE ,Er-;o 5.20E-01] ,7.950-02 1,04/13/94. ream [ Four Mile ver Mauth |
[ E  [Ce437 | 0.40E-02| 2.41e-02 |,03/28/84,| Galfish _|.Four Mile Greek River Mouth ,
—F 16n00 |6 28ED2] T 108 | 088e T Calith | Four e Gt Rl e —
[ NE | Ce137 | 7.716.03] 1 80e-02 |.0Ua8/A. | Catfish ] m;lour lﬁw Creek |

: 0 4.31E-01] 5.0 03/28/84 | Cat JFour Mile Cree .
o LI SN E R L 1_,%'740-4:»2 03728/84,]_ Catfish | :::% ife Greek River Mouth |
 049020- 1.87E-02] ,4.390-03 r | Catfish our regk R
9490303 % NEE hlc:”;;; TA3E-01] 1.68e-02 |,08/28/84, | _ Catfish _|.Four Mile Graek River MOuth |
[9480203600] __ NE ""'",sr-oo"_ 1.39E+00 1.28e-01 |,0%26/84, [ Catfish | "'F'o_T“é_EﬁT_L—ur Mife Creek River Mouth
9460203 E_ 1.Co-137 | 3.54E-01] ,2.696-02 |.03/26/94 ] .W'—c sh_ | Four Mile Creek River Mouth
SAR0303700] € |Brs0 |1 SIE2] 4 00600 | OVEEEA | Cathish—| Fourtl G Rl |
5450203800]  NE__ | Ce-137 | 9.83E-02] 2.066-02 | 0338/64 | Catfish [Four Mile Creek River Mouth
$4G0203800]  NE _|.6r-00 | 1.9E+00] 9.23¢-02 |.0%/28/64 | Catfish | Four Mile Cresk Rlver Mouth

Appandix A
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SRS DATA BY RIVER SEGMENT

a390603800]  E  [Ce-137 | 142E+00] 4.66e-07 [,00/06/33,|  Bass | .Siesl Croak River HiouT
,'9'5533'565!?—'5'__ &r-80 2.10E-02] ,5.508-03 }.08/08/83, Bass __ | Steel Creek River Mouth
186603900/ NE_ ICs137 | 6.14E-01]"2.700-02 |,D0/0S/93 | _Bass |, Steel Creek River Mot
9380603900 NE | Sr-60 1.08E-01] 42202 |,05/05/83 | Bass ] Steal Croek River Mouth
0390604300] E Cs-137 | 1.10E+00] _4.25e-02 [09/56/83, [ Bass | Steel Creek River Mouth
[6350604300] B | &rB0 | 272E-02] 6.86-:03 |08/08/83,]  Bass ] Siesi Creck River Mouth
5380604400 NE_ 1.C5-137 | 6.02E-01] ,3.86e-02 1.00/00/93,|  Bass  |.Sleel Creek River Noulh

58 00| NE | 81-80 7.01E.021 285¢.02 ].00/09/93,]  Bass | Steel Creek River Motth |
(9390381000{ €& _ (,81-80 1.08€-02] ,1.06e-02 1,05/12/03 | _Bresm | Steel Creek River Mouth ]
9300381100 _E [ ,Ce-137 | 1.38E-01 3.12e-02 {,05/12/83. | Bream | Stosl Creck Rive iverMoutn____
8390382000] NE 1,Cs-137 | 7.64E-02] 2.36e-02 {,08/12/03,] Bream ,Steel Creek Riv A
(93 0l NE 18080  ["1.99E-01] 3.44e-02 |,05/12/93, | Bream |.5ieel Creek River Mo |
8390385200 NE 1.Cs-137 ] 8.52E-02] 2.48e-02 |,05/12/63.] Bream Steel Creek River Modln |
(§300385200]  NE _ |.51-80 1.02%0 [2.930-02 | '."oﬁ‘%'ﬁ1 3.] Bream | 5icel Creek River Mouth
(64600347001 _E 1800 | 6.98E-03| 1.676-02 |,05/10/63,| Bream | 6leel Cresk River Mou
B003A800] NE |.81-00 | B94E-02] .2 700-02 |.08/10/53. | Bream | Sleel Oreck Ao Tt
D390389700] E  |.Cs137 | 1.80E-01| 2.'6e-02 |,06/10/83.| Gatfsh | Sleel Grosk River Mouth
(9360389700 __E | 660 .04E-03[ " 5.16e-03 |.05/10/83,| Calfish | Steel Gresk River Moty

9380386800] NE |.C&-137 | T18E-01] 295602 05/10/83. | Catfish | Steei Greek River MOutn
G390388800]  NE_ |60 | T.49E-02] ,2.45e:02 | D&/10/83 | Catfch Steel Creek River Mouin
8390389900]  E  .Cs137 | 1.94E-01 2.850-02 |08/10/93, [ Catfsh |.Steel Greek River Mot
9390389900 E Sr-90 2.34E-03] 5.28e-03 |05/10/93 | Catfish | Steel Creek River A
9300390700] NE [ Ce-137 | 1.02E-01] 1.05e-02 |.05/10/93. ] Caifish | Steel Gros ver Mout’
$30360100| NE 1.8r-60 z. ‘ngz .1.22:32 .o§1' &/:33 Catfish | Sieol Creek River Mouth |
83304385001 E _ 1.Cs 137 | 6.46E-02| 1.44e-02 | 05/10/63,| Catfish |.Steel Groek River Mot
0390439800] _ NE 1,690 | G.99E-01] ,3.006-01 1.08/10/93. __gsatﬂ_sh__ Bleel Creek uth
5800983001 € | .Co-137 | 2.12E+00] .5.766-02 | 09/20/04 855 | .Steel Cresk River |
$B0098300] _ E | &n0 ] [;?j‘i%.z 014 2503 072064, | Bas= | StoeT Gree T%\m

] NE _1.Cs-137 14E+00] 4.51e-02 1 09/20/64, Bass | Steel Creek Moutn
m NE | 890 2.14E-01] ,4.30e-02 |,09/20/94 Bass | .Stesl Creek ver Mouth
|B860098800] € 1.Ce137 | S.6BE01 3.200-03 [,00/20/98, | Bass | Steol Creck River bt
95680068600 _ NE 06137 | 3.72E-01] ,2.07e02 09/20/04, Bags | 8teel Creek River Mout?
9500088600 NE 80 1.92E-01] ,4.06e-02 ,08/20/94, Bass Steei Creek River Mouth
(54603056000 B |.6r00 | 1.68E-02] 650603 | 03084 T B reem _|.Stéel Creek River Mo
§0306700] NE __1.57.60 | 1.96E-01 7 25¢02 |,0A/28/94.| Bream | .Slesl Crack River Mouth
9400201400 £ | Ce-137 | 2.27E-01| 3.08e-02 |,03/28/84. | Galfish | Elce] Crock River Mouth
[5450201400] E | Er00 T 254500 438603 |.0M28/%4, | Catfen .Steel Cre
[9450201500] NE _|.C5-137 | 1.73E-D1] .2.456-00 Catfish__| Sieel Creek River Mouth
8400, 0 NE ,ﬁ-'éﬁ 1.50E~01 ,3.439-02 D3/28/84, atﬁsg ,Steel Creek River

9490201600] € 137 | 2.12E-01] ,3.18e-02 1.0 .|__Catfish_1,5ieel Cree
B4a0201600] E T"S%‘“r- E.B3E-03] 3.206-03 |.ON8M4 | Catlieh — el Cree ’
ﬁ%:@ 37| 116E-01] ,2.740-02 | O3/26/94 Catfish__ | Steel Creek River Mouth |
3430 NE__|Sre0 [ 03 3.960-02|.6A/28/04 ] '—_‘%-sn ~j.Slee! Croek River Mouth— ]
T 0|__E_ |.Coi87 | 2.72E-01] 2 8802 | G € Steel Cree |
9490202700]  E re 2.93E-02| 6.33e-03 | 0328/84, 1 Catfish !, Sleel Creek River \ouih

B4 800 NE 3.12E-01] ,8.17e-02 | 4| Catfish | Steel Cree ver Mouth
‘ﬁ%ﬁ _E _1Ce137 [ TA1EDI 381e02 [06/1E/03 | Bass _ LLLAR Creek River Mocth —1
_%75? E 4.98E03| _4.20e-03 owfﬂb‘aff—igg" L3R Creek River Mouth ]
TT'E'%S ?ﬁ?sﬂﬁ NE | .C&137 3.%5&-01 .3.;:'59-02 08M8/53, | Bass  |,L3R Creek River] h '
(9390761100 NE r90 | 2.136-01] 5.94e-02 | 09/16/03, | Bass L3R Greek River Mouth
\mﬁ E | Cs-137 H?E-O‘l 2:260-02 1.05/18/83, | "Bream _|,L3R Creek River Mouth

Appendix A
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F.17
SRS DATA BY RIVER SEGMENT
903809001 _E _ |.&r-80 3.34E-03] 5.28e-03 [.05/18/93,] Gream  |.L3R Croek River Modth
J03815001 NE | Cs-137 S.40E-02| 1.75e-02 | 05/18/03 Bream_ 1L3R Creek River Mouth ‘
r 30381500 NE 1Sr80 |_9.87E-02 2769-02 ,05/16/98, | Bream |,L3R Creek River Mouth 1
'§300624600] _ E | Cs-137 | T.B6E-01| 5.82e-02 |,05/14/93,| Bream | L3R Creek River Mouth
9390624800 E 680 7.71E-03 —4.75e-03 |,05/14/93,| Gream | L3R Creek River Mouth
"9390824700] NE | Cs-137 | 5.46E-01 419e-02 05714/53, ] Bream L3R Greek River Mouth
24700 NE Sr-90 1.952:21 ,5.43e-02 ,05/14/93 Bream L3R Creek River Mouth
Fie0ssizo0l € 1 Ce137 1 381E-013.55008 .09/16/93, ] Bream |.L3R Creek River Mouth
00 E Sr-00 4.45E-02| 2.94e-02 |,06/16/03,] Bream |.L3R Creek River Mouth
{9350825300f NE %_5-137 33:&-31 3.73e-02 |,09/16/93 ream__ |,L3R Craek River Mouth
83 300 NE =80 3.19E-01] .5.78e-02 1,09/16/83 Bream | L3R Creek River Mouth
$390400500] € [.Co-137 | Z61E-01] 2680-02 |06/ 14723, Catfish | L3R Creex River Mouth
0% T 8.16E-03] 6.020-03 | 05/14/63,| Catfish L3R Craok River Moul ]
5300400600] = 1.C5-137 | 1.4BE-01] .2.54e-02 |.08/14/93.] Catfish | L3R Creek River Mouth——"1
- Sr-80 4.43E.03] 5.32e-03 |,05/14/83, Catfish | L3R Creek River Mouth '
{9390409700] NE  1.Cs-137 | 1.73E-01 ,2.4257 05144/83.] Calfish _|.L3R Creek River Mouth
9300409700] _ NE 8r-00 3.48E-01] 6.19e~02 ,0:»%4/03. Catilsh Crask River Mouth
8390435800] € E::s-; A37_| 2.01E01] 2.61e-02 |,05/74/93,] _Catfish |.L3R Creek River Mouth
§300435800] _E | 8r00 | 4.64E-D3] 5.776-03 | 08/14/93.]  Catfish ] L3R Creek River Modth—1
§360435000] _NE__ |.Ce-137 | 1 81E-01] ,1.606-02 |.08/14/3. [ Catfish | L3R Groek River outh |
9390438500 NE  [,5r60 4.182-02] 5.34e-02 [05/14/83 |  Catfish R Creek River Mouth |
§680098800] € |.Cs-137 | 4.45E-01] ,1.806-02 | 00/20/94.|  Bass — |.LIR Creek River Mouth
9500008000 E __ |.3n80 1.31E-03] 2.33e-03 [,08/20/94, [ Bass _ |.L3R Creak River Mouth
9530088000] NE | Cs-137 | 2.30E 31 ,2.929-02 00720/84, | Bams L3R Creek River Mouth
NE _|,8000 1,02E-01] _3.400-02 |,00/20/64,]  Bass - th
SIg050T100] & |.Ce187 | 72601 508003 1 032854 T Bream L3R Creck Rver Moo
} §0201100] E |SnBO0 | 2.BE01| 1.79e-02 | 0N28/94,| Bream L3R Creek River Mouth — 1
50261300] _NE - |.Ce137 | 4.38E-01] 3.636-02 | 0328/4. | Broam L L3R Goook River Mo
9490201300] NE__[,.8r80 1, 1_"‘.“5‘"1.429-0 0373804, | Bream mﬁwﬁ?——-
5490213200 B | .Ce.137_| 1.48E-01] 287602 |.0M30/04.]  Bream L3R Creok River Mocth—1
0490213200]  E | Sr-60 3.84E-02]_8.61e-03 |,0/20/84, | Bream | L3R Croek River uomn
9460213300f NE [ Cs137 1.08E-01] ,3.31e-02 {,00/30/94,| Bream L3R Creek River Mout
$490213300] _NE_ | §r80 | 1.13E01 3.236-02 | 03/30/54. _Bresm | 3R cmﬁmﬁr““'
9030720 E 1.Ce137 | 7.08E.01 4.58e-02 [04/18/94, [ Bream | L3R Creek River Mouth |
3072000 E _ .Sr-80 | S.4TE-02] ,8.40e-03 |.04/18/04,]  Bream 1.3 Mauth
(54903073001 NE _|.Cs-137 | 4.41E-01] ,3.530-02 |,04/18/94.]  Breem Creek River Mouth
15490367300 NE S TI6E 7.830-02 |04/ 8704, Gream | L3R Creek River Moath—
9490307700] & | Gs-13 2.78E-01]_,3.406-02 1 0/30/94. | Bream ] L3R Croek River Mouth ]
1903077001 E _ |.8r-00 | 1.60E-02] ,5.776-03 1,03/30/94,]  Bream mﬁm—n—ﬂ
3430000 _NE | Cs-137 | 1.44E-01] .2.446-02 |.0330/94. | Bream Creek River
$450343900] NE 5000 | 1.14E-01] 5.5Ge-02 | 53,1 Bream Mouth |
54901086001 € |.Ga-137 | 1.33E+00] 4 B3e-02 "'6'375'_‘. 8784, | Catfish |,L3R Creek River Mouth
$490196400] € | 8n60 | 4.52E-03] ,3.620-03 | 04/26/94. Caifish | LIR Crosk River Mouh——1
94301 ~_NE | Ce-137 | 8.67E-01] ,3.016.02 |.0 L3R
BO108700, NEE_ 8680 | 2.26E-01] 487602 L3R Creek Aiva | |
9490188800 ’305‘137 A4E-01} 2.2 2 w3 '.. - ‘
(8490158800 E | 5r00 | 2.40E-02| _4.406-03 |,03/28/94,1  Catfish m*c—"’r;;ﬁm——
R e “ERIED01] 378602 | 035804 | R Creek River |
1 0 E Sr-80 5.15E-03] ,3.408-03 03/28/94, gh | L3R
9450199300] _NE__ |,Go-137 | 3.18E-01] ,3.37e-02 |,0/28/04.] Catfish | LR Creek River |
ST00105300]  NE 1.8r-90 1 2.19B.01] J 22602 |.032e/sd | Catfish L3R Creek River Mouth |
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8RS DATA BY RIVER SEGMENT

FTTRg36C900]  NE__[.Ce-137 | 0.38E-02] ,1.87e-02 |03/26/04 [ Catfish L3R Creek River Mouth
02C0000]  NE__ L.8r-90, | 1.03€-01| 4.28e.02 |.03/28/84, | _Catfish | L3R Creek River Mouth

m

DOWNSTREAM OF SRS} — —
S"‘essoez'o-t' 00 -0 8 50E-03| 4.410-03 |.08/16/03,| _ Bass | Hwy-o01 Bridge Area
A50620500] NE _|.Sr80 7.04E-02| ,2.61e-02 |,08/16/93, | Bass | Hwy-301 Bridge Area
5350824800 E  |.6r80 | 1.22E.03] 3.21E-03 | 9/16/63|  Bass__| Hwy-301 Bridge Area
5360624600] NZ__ |,C&-137 | 567E-02) ,1.86e-02 |.00/16/93, |  Bass | Hwy-301 Eridge Area
5300824800  NE _ |,Sr-00 9.50E-03 ,2.870-02 |,00/16/93, | Bass _ |,Hwy-301 Bridge Area
5350613000 E 18180 | 1.48E-03] ,3.87e-03 |,08/16/0%, | Bream | Mwy-301 Bridge Area
S300818100] _NE_ 1 5r90 | 1.25E-01] 3.08e-02 |,08/16/03, “Bream ‘ﬂ;ﬁ’—dg,my.s Bridge Area
9300613200 E__ [,80-00 5 12E-03] ,4.83¢-03 |,00/16/93
5380818500] NE 1,800 1,50E-01] ,3.556-02 |,09/16/83,
93006218001 E_ ),C5-137 | 8.60E-02] 2.43-02 |,05/25/93,
SET1600 € 1 5r80 | 8 29E-03] ,3.756-03 | 08736/,
$300621700] NE_ | 5100 | 1.80E:01] 3.386-02 VoeReR3 | Bream
3 & [ €rB0 | 4.30EX03| 5.19E-03 |08/21/63, | Catfish
0353400 NE_ |.6r80 | 9.64E-03| ,2.708-02 1,06/21/8%,] _Catfish
5300430600] & 1.Cs-137 | 7.18E-02| 1.486-02 .os/szi Carfish
390420800 E Sr-60 §.836:03] 5 386:03 | 06403 | Catfish
"M%&"o 50| NE ]

;

NE 137 | B.0BE-02| 2.426-02 | OB/ATE3.| _ Catfih
- 9 NE E"go 2- 1 6. 1 4’9\&1 CatﬁSh
9390435600 E Ce-137 1.48E-01] 2.01e-02 |,08/21/83, [ Catfish
§3090435700; NE Cs-137 4.27E-02) ,1.400-02 [.06/21/03 Catfish

5700]  NE 15080 | 2.55€-01] ,1.408-01 1,06/21/63,] _ Caifish |
= 700l NE__ [.C&-137 | 3.73E-02] ,1.240-02 | 00/22/04,
j90087700]  NE__ | 8r-90 | 1528-01] 3.40-02 |,00/22/84,
590087800 7.01E-02] ,1.726-02 |,09/22/54,
o TRO0TTB00 B | 5r00 | 4 13E-03| 3.67e.03 (0612564
(9500068000 NE 'JT—“, 5137 | 4.416-02] .0.41€-03 |, | Bas
5%60088000]  NE Sr-80 1,878-01] ,2.386-02
FEA50300806] € L.ce137 | 1.11E-01] ,2.676-02
9490300500 E 880 3.31E-03] ,3.550-03
I8480300800] ME _ |,8r-80 T82ED1| 4.576-02
(8490302400 E "800 | 1.44E-02 [ 6.376-03
SAG0303500]  NE 18160 | 2.38E-01] .4.70e-02
5400302600 & | B0 | 114602] 075603 |
305700 NE |.6n80 | 2.076.01] & 15002
0450308800] _E__ |.Ce-137 | 4.44E-02( ,1.368-0
00306800| E
r8400307100]  NE _ 1.C8137 | 6.208-02] ,2.108-02
Sr-00 30-02 |

!
:
;

b mmgmg
A3

|°m

B0307100]  NE [ Sr90 | 4.036-01] 8.260-02
B400300300] _E _ |.Ce137 | 6.52E-02| 205802

50300 E__| 690 | 6.61E-05] 3.89-02
5490300400 NE__|61-80 | 2.03E-01] 4.40802

9460330700 € 5137 7.07E-02| ,2.420-02 Catfish
§030070 E 80 1.31E-02| ,4.516-03 | ,04/26/94 Catfish

SI'- )
= T80 1 178E-01] 4 436-02 | 0425704 | Catlsh

0737900 E C8-137 | 8.63E-02 | ,1.93e-02 |.11/10/83, Bass | Stokes Bluﬁ andi
360738200 € 1.C&157 | 6.58E-02] ,2.290-02 |.11/10/83,|  Bass | Stokes a"ﬁ_"nlu Land g
35007383 797E-02] 223e-02 [,11/10/83.] _ Bass | Slokes BIuff Landing |

o
?
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P.19
SRS DATA BY RIVER SEGMENT

[*™70034500]  E_|.Cs-137 | 4.08E-02 ,1.22e-02 [07/15/83,] Bream |.5lokas BIGF Landin

104766001 _E | C&-137 | 5.75E+00| 1.586-02 |,07/08/83,1 GCatfish |.Gtokes Bluff Landing

J0478700(  E [ Cs-137 | 7.30E-02| .1.93e-02 |,07/08/93, | _ Celfish | Stokes Biuff Landing
9490306600( E_ 1 Ce137 | 7.58E-02| |1.88e-02 [,06/09/64,| Catfish | Sokes BIuff Landing
9490406200] _E__ |.Co-137 | 1.22E-01] ,2.58e-02 {05/12/B4. | Catfish ] Stokes Bluff Laridin
$400409300] __E__ | Cs-137 | B.24E-02] 1.78e-02 },06/16/94,] _Catfish "—'_ﬁ'g"""—,smesamma ng
|9300794300] E [ Cs-137 | 1.93E-01] ,2.310-02 1,10/19/93, | _ Bass _ |,Fwy-17A Bridge Area
(9390704400 E 1 Ce137 | 7.50E-02] 207002 |,10/19/03,]  Bass  LFwy-17A Bridge Area
9390761300] E | "'"——-’,08-137__ B1E-01| 3.12¢-02 [A0/19/83, | WMuliet  |,Ewy-17A Bridge Area
[§390761400] E | Cs-137 | 1.23E-01] ,2.16e-02 L10M8/93, ] Muliel | Fiwy-17A Brides Arce
(4390781500 E _ 1.Cs-137 | 773603 z"’__—,z.on-oz 1,10/18/83, [ Muliet -17A Bridge Area
(54903022001 € ""’:cs-""m""""'s.es"—e-oz" 1.47e-02 P“'T‘.osn 704, | Bass ] Fwy-17A BH o Area
(04903023001 & [ .Cs-137 | 1.07E-01] .2.108-02 [.06/11/94,]  Bass | Hwy-17A Bridge Area |
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APPENDIX B

Cs-137 and Sr-90 average, maximum, and average of maximum concentrations in Savannah River
fish upstream, adjacent to, and downstream of the Savannah River Site

(1993 and 1994 data)
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F.21
Cs-137 & Sr-90 UPSTREAM
E= Edible| Nuclide | Resull | Uncentainty |Date Fish
NE=Nonedible wet pcl/
’gample # *composite
(UPSTREAM SRS
[6390793800] E  |.Ce-137 | 6.30E-02 .2.09e-02 |.10/26/93.| Gass ,Augusta Cock and Dam
00385001 B 1.0e137 | 4 21E01 3 17003 10/26/93,1 Bass | Augusta Lock and Dam |
6400036600 NE "05-1-37 301E-01] 2.656-02 |,10/26/93,] Bass Augusta Lock and Dam |
{8 00] E_[.Cs137 | 1.68E-01] 3.98¢-02 [10/26/93,] Bream |.Augusta Look and Dam
AVG MAX AVG of MAX
AUG.LO cx&‘lmu Cs-137 2.59E-01] &4.21E-01 pCiig
TOTAL UPSTREAM Cs=-137 | 2.51E01] 4.21E-01] 4.21E-01 g _
(9390793800 E_ [.Sr-80 1.08E-02] ,8.34e-03 [.10/26/0 3| Bass Augusta Lock and Dam
93907030800] NE  1Sr-90 2.75E-01] 6.23e-02 {,10/26/93, ass | Augusta Lock and Dam '
9390 | E___ 800 | 0.00E-03) 9.17E-03 |10/28/93, | Bass ,Augusta Lock and Dam
[380704200] NE 1,8r-90 | 3.21E:01] 8.70e-02 |.10/26/93,] Bass Augusta Lock and Dam
[6480038500] €&  |,5¢-90 2.85E-02] ,7.310-03 | 10/26/83,| Bass | Augusta Lock and Dam
§40003B600] NE _ |.5r-00 1.096-01]_,2.77e-02 1,10/26/83, ass |, Augusta Lock and Dam
0390707400 E F'E, 1-90 | 3.32E-03] 2.00E-02 10/26/93, ream usta Lock end Dam |
[53u0797800] _ NE _|8AB0 | B.6BE-01| 7.500-02 [ 10/26/3,| Bream | AugustaLock and Dam
9390707600] € 6180 | B.ASEGI 1 78602 1 108 Brea &—C‘T.ﬁ\&ugm ock and Dam |
990797700 NE 8180 | 2.36E-01] 6.08e-02 [.10/26%3, ] Bream usta Lock and Oam
490038800 € ,g- 1.966-02] 1.08¢-02 |,10/10/83,| Bream | Augusia Lock and Dam |
¥400035000]  NE | B0E-02[2.76e-02 (,10/10/03, | Sream ﬁm"’_gk‘w am |
06000087 "€ |.6M00 | 5.86E-03] 3.040:03 [0 Bass | Augusia and Dam
8500008800 NE__|.8r-80 1.00E-01" 3.086-02 | ( | Bass | Auqusts Lock and Dam
, AVG MAX AVG of MAX
AUG LOCK&DAM Sr-60 1.37E-01] 6.99E-01 pCig_
_L L
[ TOTAL U UP_LSTREAM 8r-80 1.37E-01] 8.99E-01] €.99E-01[pCilg_

Appendix B
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p.z2
Cs137 & Sr-80 ADJACENT

CcC — _ : :

E= Edible| Nuclide Result { Uncertainty {Date Figh

e — -

NE=Nonedible wel pev

Sampie # *eomposite
(ADJACENT TO SRS)

93680448400 E C5-137 S.08E-021 .1.670-02 1.06/14/83, | Catfish | U3R Creek River Mouth
3005631 E _ |.Cs137 | 7.836-02] ,2.39e-02 |,05/14/83,| Calfish |.U3R Creek River Mouth

‘ 0 E Cs-137 | B.87E-02] ,2.15e-02 |,04/20/84, | Catfish |U3R Greek River Mouth
0044000{ _E _ [.Cs-137 | 7.07E-D1| .4.28e-02 |,05/18/93, | Bream | Beaver Dam Creek River Mouth|
[5400045000]  NE__ ,C&-137 | 1.43E-01] ,4.016-02 .o"'s@T""\saL “Bream |.Beaver Oam Craek River Mouth
(93605041001 NE  |.C5-137 | B.37E-02] ,1.81e-02 |,08/17/93,| Catfish | Beaver Dam Creek River Mouth
04

[6490041500] _E | Ce-137 | 7.88E-02| 2.210-02 | 06/25/93, | Catfish |.Beaver Dam Greek River Mouth
(3500041700 NE _ 1.C&137 | 2.T4E-02[ .5.60e-0 | “3375375'1

) 3,| Catfish [Beaver Dam Creek Mouth |
6890009100 E __ |.Ce-137 ";.3%-0:1 —2.406-02 |.06/20/54.| _ Bass | Beaver Dam Creek River Mouth]
Q0] NE C&-137 4.12E-01] ,3.02¢-02 |,08/2 Bass agver Dam Creek River Mouth

0213400 ‘3;, 137 | 5.79E-02| 1.62e-02 |,03/30/4, | Calfish_|.Beaver Dam Creek Rivef Mouth|
902141 NE  |.Cs-137 | 6.89E-02) .2.11e-02 |,0 Catfish_|,Bed

eaver Dam Creek River Mouth |

1700| E 37| 1.526-01] 4.27e-02 |.05/06/83,] Bream ].Eour Mile Creek River Mouth |

5300841800]  NE__1.C&-137 | 1.178-01] ,3.136-02 | 08/06/83.] Bream | Four Mie Groek River Mouth
o137

6.39E-02{ ,1.86e-02 |.0 3,1 Catfish | Four Mile Creek River h

| ;El—- 1

§390848400] _E | Cs-137 | 8.08E-02] 155602 [.08/08/63,| Catfish | Four Mile Creek Eiver Mouth |
85 NE |,Cs-137 8.63E-02] .2.33e-02 |.0 3,1 Catfish | Four Mile Creek River Mouth

G0 _ NE__{Ce-137 %.o T3 085-0 | 08lta/sd. [ Braam | Four Mie Greek River Month— |

B400309800] € [.Cs-137 | 2.08E-01] ,3.006:02 |, | Bream | .Four Mile Graok River Mouth
Cs-137 1.468-01] 2.87e-02 1.04/13/94,] Bream |.Four Mile Creak River Mouth

#lzfe

3500 3 Cs-137 | D.40E-02| .2.41e-02 03/28/84, | _Catnish |,Four Milé Creek River Mouth
300) NE _ 1.Cs-1 31""4 7.79E-02] 1.802-02 |,03/28/84,1 Gatfish |,Four Mile Creek River Mouth
B0203600] € . |.Ce-137 | 2.8BE-01| ,2.74e-02 |0W28/04.| Catfisn | Four Mile Gree h
03800 NE  1,Gs-137 | 1.13E-01] .1.666-02 |.03728/04. | Catfish Four Mile Creek River Mouth
9190203700 E A/28/94,
NE

Cs-137 3.54E-01] ,2.690-02 0 Cﬁh Four Mile Creek River Mouth
C5-137 | 9.63E-02] ,2.086-02 | O%28/64. | Catfish | Four Mile Greek River Mouth
Cs-137 | 1.426+00| .4.66e.02 |,00/00/93. | B

00 E 3 ass | Steel Creek River Mouth

8300803800]  NE___{Cs-137 | B14E-01] ,2.70e-02 |,00/08/93 | Bass |.Steel Greak River Mouth

E Cs-137 1.10E+G0| ,4.25e-02 |,09/0 .} Bass |,8teel Creek River Mouth

NE__Co-137 | 6.02E-01] ,3.566-02 |,00/00/63,]  Bass | Creek River Mouth

E C5-137 1.38E-01] 13.12e.02 1,05/12/93,| Bream ! Steel Craek River Mouth

8038200 NE _ |.C8-137 T.64E-02] .2.360-02 |,08/1 3,1 Bream |.Steel Creek River Mouth
_?m 5

NE _|Cs-137 | 8.82F02| ,2.40e-02 |,08/12/93,| Bream_|.Stesl Greek River Mouth

m & [ Ge137 | 1.808-01] .2 766-02 |.06/10/93 | Cotfich | Stee] Croek River Mouth

I5380383800]  NE_ 1.Ce-137 | 1.18E-01] 2 05/10/93, | Gatfish |, 8lee] Graek River
5;157 .

450.02
1.04E-01] 2.850-02 |,06/10/93,| Catfish |,Stee] Creek River Mouth
01 .1.930-0; Q Catfish |,8teel Creek River Mouth

]
1.
9 "] e Cs-137 8.48E-09 ,1.440-02 5510/93 Catfish |.Stee) Creek River Mouth
ECa 'Tﬁéﬁb
1

o=

6.160-02 |,00/20/04,| Bass |.8teel Creek River Mouth

37 | 1.14E+00] 4 51e-02 | 00/20/04. | Bass | 6leel Creek River Moth
9550098500 E Cs-137 §.68E-01] ,3.200-02 |,09/20/84,| Bass | .Steel Greek River Mouth
[988009¢6600] _ NE__ [.Ce-137 | 3.726-01] ,2.016-03 |,00/20/64,| Bass .8teel Creek River Mouth

1400 E 8137 2.276-011 ,3.066-02 |,04/28/94,1 Catfish ,Steel Creek River Mouth
9450201 NE  |,Cs-137 | 1.73E-01] ,2.456-02 1.00/26/94,] Gathish |.Steel Greek River Mouth
|9490201600] & | Cs-737 | 2.126-01] 3.150-02 | 03/26/64. | Catfish_| Steel Creek River Mouth
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[ 80201700] NE  [Cs137 | 118E-01] J24e.02 |,03/26/04.] Catfish | .Siesl Crosk River Moo
50202700 "€ [Cs937 | 273E-01] 2.88e-02 | 03/26/94,| Catfish |.Stesl Cresk River Mouth
07616001 E | Cs-137 | 7.49E-D1| 38103 |09/16/53.| Bass |.L3R Crook Rlver Moot
9390761100] NE | Cs-187 | 3.80E-01] ,3.726.02 .oensmg. —Gass_| [3R Creek River Mouth
9390380800] E _ |Cs-137 | T.17E-01] 228e-02 |,06/16/93,] Bream |,L3R Creek Rivar Mouih
(9390961500 _NE | Ce-137 | B.40E-02] 1.75e:02 |.0518/63, Bream | LoR Cresk River Mouth
9390624600] E__ | Ce-137 | 78BE-01| 532602 |.06/14/03,| Bream |.L3R Creek River Moulh
83806247001 NE __1Ce-137 [ 6.48E-07| 4.16e-02 |,05/14/23,| Bream |.L3R Creek River Mouth
mo" € [Ce137 | 3.01E-01( 3.59a:02 [,09/16/93 | Eream | L3R Creek River Mouth
8390626300]  NE  1.Cs-137 | 3.90B-011 ,3.750-03 | .08/16/93. Bream |1 3R Creok River Mouth
00— € — |.Ce-137 | ZB1E-01] 268e-02 |.05/14/93,] Catfish |.LR Creek River Mouih
90400600 E | Ce137 | 1.43E-01] 2.54e-02 |,08/14/03.| Calfish | L3R Greek River NMoulh
9390409700{ NE [ Ce-137 [ 1.73E-01[ 3.42e.02 [0L/14/03, | Calfish |.L3R Creek River Mouih
£380435 E__[Ce137 | 2.01E-01] 2.61e-02 |.05/14/83 | Catfish |L3R Creek River Mouth
WEWEE% NE G137 ﬁm :011_,1.900-02 ] 05/74/83. | Catfish | L3R Creek River Mouth
O550088900] € |.Ce-137 | 445E01] 1.80e-02 |,09/30/94, | Bass L3R Greek River Modth
8530009000]  NE__|,Co-137 | 2.39E-01] " 7.60e:02 |,06/20/64. | Bass ] L3R Greek River boch——
6450207700/ & — | Cs137 | 7.88E-01) 5.086:02 | 03/28/04.| Bream | L3R Greek River Mool
m}@'—ﬂi—‘. 137 "1 4336011 5.92¢-07 | 03/26/54, | Bream | L3R Greek River Mouth ———|
| 9480213200 £ ~ 1.Cs-137 | T.48E-01] 2. 670.02 | 08/30/84,| Bream [ L3R Creek River Mouth
8490213300] NE _1.Cs-137 [ 1.08E.01] 3.31e.02 1.03/3/84 | Bream | L3R Craek River Mooih
[9480307200] € 8137 | 788E-01] 458002 |,04/18/94 | Bream | L3R Crack River Moth
2490307300] _NE__ |,C8-137 | 4.41E.01) 3.520.03 04/18/34 | Bream | L3R Creek River Mouth
37700 E 1Cs137 | 2.73E-01] 3.40e-02 [,03/36/64, [ Bream |.LAR Creek River Mouth
B03436001NE__|,Ce-137 |1 8AED1[ 2 4402 |,03/30/04.] Bream T L3R Craek River Mowh———
4901088001 E _ |.Ce-137 |1.33E+00| ¢.839-07 | 03/28/94 | Catfish | L3R Creek River Mouth
E_‘? NE ,Cs-_1§7 e.erg-g1 .:;.g%o-oz 03/28/84, 1 Catfish | L3R Creek River Mouth
249018400 Cs137 | 2.44€-01] 2.26e.02 | 03726/84, [ Catfish |.L3R Creek River Mouth
§400199200 g“ Ce-T87 1 .916-01] 3 76e-02 |,09/24/04, | Caffish |.L3R Creek River Mouih
[ NE__[.Ce-137 | S.18E01]3.376-02 | 0326000 Catrich L3R Creek River Mouth |
(6490200900 NE _|,Ce137 | 6.35E-021 1.87e-02 | SW24/64. [ Catieh ] LIR Greek River Modth |
AVG [MAX AVG of MAX
U3R Creek Mouth Cs~137 | B.06E-02| 7.93E.02 7
Beaver Dam Creck Moulh Gs-137 | 2.81E:01] _9.376-01 Vg
Four Mile Creek Mouth Cs-137 1.40E-01] 3.54E-01 pClg
ee) Creok River Cs-137 | 4.81E-01] 292E+00 pCilg
[L3R Creek River Mouth Cs-137 | 3.90E-01] 1.33E+00 pevg_
| R D P R
[TOTAL ADJACENT Cs-137 3.44E-01] 212E+00] 9.84E-01|pCilg
9380448500 NE ~ TSr60 | 3.18E-01] ,6.67¢-:02 |,06/14/83,] Catfish 1USR Cresk RiverMouh
93904480001 NE [,Sn8 2.778-01] 6.18e-02 |,06/14/03, 1 Catfish |,U3R Croek River Mouth
9360563100] € 1 Br80 | 3.58E-0 3.746-03 |,08/14/83.| Caffieh | USR Cresk River Mo
63505832001 NE |Sr00 [ 1BOE-02] 1.080-02 |,085/14/03. | Catfish |.USR Craek River Miouih
| S0l € 18r00 | 110E-02] 3.64-03 (04720784, | Cathsh |,U3R Creek River Mouth
9020860 NE__ |.8r-80 1.31E-011 4.810-02 |,04/20/84 | Caifish | ,U3R Creek River Mouth
94 E_1Sr 1.86€-02] 7.84e-03 |04/20/64, | Caffish | UIR Greek River Mouth
|___NE _ | .8r-80 1.89E-01] 4.446-02 |04/20/04 | Calfish |,U3R Cresk River Mouth
[94B0300100] € .sr-_gg___J |_3.66E-03{ ,2.88¢-03 |04/20/84 | Catiish |,U3R Creek River Mouth
64803Qa00]  NE_|.8r 1.83E-01] ,4.33e-02 1,04/26/84, | Catfish | USR Greek River Mouth
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50044900 E | 5r00 3.80E-02] 8.720-03 1.05/18/93, | Bream |Beaver Dam Creek River Mouth]
30045000 NE [.8r80 9.77E-01(_,9.84e-02 1,06/18/93, [ Bream [Beaver Dam Craek River Mouth
__p0503800] €& _ [.8r-90 2.08E-04] 5.04E-03 {06/17/83, | Catfish | Beaver Dam Creek River Mouth
6390503600[ NE | Sr00 8.55E-011 ,2.29e-01 !,06/17/83,] Catfish |,Eeaver Dam Creek River Mouth
9300804000] € [.6r-60 4ABE.03| 3.65e-03 | 06/17/03 | Catfish |,Baaver Dam Creek River Mouth
[9350504100] NE | Sr-00 e_.ljﬁ-m _.2.33e:01 | 06/37/83 | Calfich_| Beaver Dam Greek River Mouth|
1500 E $r-80 1.48E-03| €45E-03 |05/25/83, | Catfish |.Beaver Dam Creek River Mouth
9480041700] NE _|.8r-80 1.31E-01/ 4.84e-02 [,05/25/93.| Calfish | Beaver Dam Creek River Mouth|
(956006010 E 8180 7.21B-03] 4.85e-03 ],08/20/94,] Bass | Beaver Dam Creek River Mouth
[8580000200] NE _ |,5:-90 1.63E-01| .4.156-02 84, Bass | Beaver Dam Creek River Mouth]
9460213400] E  15r-80 126E-02] ,3.85e:03 |,09/30/94, | Caifish | Beaver Dam Croek River Mouth
8490213500 NE $t-00 1.58E-01] ,3.18e-02 |.03/30/84 | Catfish [ Beaver Dam Cres River Mouth|
[8460214000] € 1880 | 3.64E.02] .0.420-03 |,GM30/04.| Caifish ] Beaver Darm Graek River Mouth
80214 NE ].Bro0 | S.07E-01]_a17e-02 | ,03/30/04.] Catfish | Beaver Dam Greok River Mouth |
0490214200 € | 800 | 8.53€-03| ,3.40e-03 |.03/30/84,|  Catfish | Beaver Dam Craok Biver Mouth
9400214300]__NE (680 1.0 75-01"5.51&"2 [03730/64, | Catfish_|,Beaver Dam Greek River Mouth
9390541100 E $r-80 1.42E-02] .7.456-03 |,05/08/03,{ Bream ,Four Mile Craek River Mo
90541800] NE _|,8r80 1.45E+00] .3,26e-01 1.05/06/83,] Bream |, Four Mile Creek River Mouth
140 E 880 8.08E-03] ,7.200-03 05/06/93, | Bream [,Four Mile Craek River Mowth
8350641600] NE | 860 1.826+00] ,3.38e-01 W&l Bream |.Four Mile Creek River Mouth
3300541700 E 8790 | 1.31E.02] .7 33e-08 |.08/06/83. | Bream | Four Mis Grask River Mouth
93005418001 NE 1.8r-80 1.0SE+00( .3.85e-01 |.05/06/83, | Bream |.Four Mile Creek River Mouth
[9390848100] €  |,8r-80 2.07E-03] 5.47e-03 |,05/06/93,] Catfish |,Four Mile Craek River Moutn
19390548200{ NE _ |.8r-80 .67E-01(",7.05¢-02 |,05/06/63, | Catfish |.Four Mille Creek River
) to]  E _ 1.8m90 7.05E-03| ,4.06€-03 .0 3, Catfish | ,Four Mile Greek River |
[~36084850 NE [ 8r80 4.85E.02]__S.87e-02 |0 3,| Catfish _|.Four Mile Creek River Meuth
B0S4ET00] _ € (.6r-90 | 3.876.03] 3.856-03 |,08/06/83. | CGatfish | Four Mile Greok Rlver Mouth— |
o3805488C0] NE _ |,8r-80 3.02E-01| 6.51e-02 |.05/08/83,] Gatfish |.Four Mile Greek River Niouth
5490308200 E Sr-80 4.11E-02] ,8.08e-03 |05/02/84,| Bream [ Four Mile Creek River Mouth
9490306300] _NE 1,880 1.08E+00] 1 .28e-01 |,08/02/84, | Braam |.Four Mile Creek River Mauth
80309300 E 8r-80 8.62E-03] 5.380-03 |.03/28/84,| Bream |.Four Mile Creek River Mouth
9¢80309500{  NE .sr;% 2.27E-C ; .7.466-02 1,0 .1 _Bream [ Four Mile Creek River Mouth
9480309800 [ Sre 7.53E-02] 1,000-02 |.04/13/84,| Bream | Four Mile Creek River
90306900] NE | 8r.80 | 5.226-01] ,7.35e-02 |.04/13/94.| Bream |.Four Mile Greek River Moulh
4902023 E__ |.8r-80 8.25E-02] .7.990-05 1,002 Catfish |,Four Mile Greek River Mouth
645030341 N Sr90 4.318-01] _5.05¢-02 .03 .| Catfish | Four Miie Creek River Mouth |
80203800 é 8§00 1.876-02] .4.30e-03 | 03/28/64, | Catfish |,Four Mile Creek River Mouth |
04502 —NE_L.8re0 1.356+00] 1.200-01 |.03/28/84, | Catfish | Four Mile Creek River Mouth |
7 E r-9 1.2IE-02]_4.09e-03 | 03/28/94 | Catfish |.Four Mile Creek Rlv er Mouth |
8486302 o_NT%-%, " — 1.29E+00] 525602 |,03/38/94. | "Cathish | Four Mia Gresk River Modth—
03 E %@o 2.10E-02 5.508-03 .Waeloﬁ. Bass | Steel Greek River Mouth
00] NE g0 1.98E-01) 4.22e-02 [.09/08/63 | Bass | Steel Creek River Mouth
0 00 E Er-60 2.79E-02| ,9.860-03 |,06/00/93 Bass_ | Steel Creek River Mouth
0 NE | 680 7.018-02] ,2.686-02 |, ] Bass [ Steel Craek River
ST J;Eb‘_sr- 1.08E-02| 1.06e-02 % Bream | Steel Greek River Modth
93903820001 NE {.86r80 1.91E-01] ,3.440-02 1,05/12/83,] Bream | .Steel Creak River Mouth
9300385200] NE _|.6r-90 | 1.06E-01] ,2.03e-02 |,05/12/63,] Bream | Sieel Crosk River Mouih |
4700] E 18160 ::"5.15?55- 1.67e-02 |,0B/10/53.| Bream | Steel Greek River Mouth
‘WW-L" NE_ 680 | 8.04E-02| ,2.700-02 [.08/10/53, | Bream | .Etee! Crook Fiver Mouth
93003807 E__Br50 | 7.04E.03] 5.16e-03 |,05/10/93,] Calfish | Biee! Croek River Mouth
93903898 NE_ | Sr-80 .49E-02] 2.45e-02 | 08/10/93 [ Catfish | Steel Greek River Mowih
,
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~290385000] € __ |,S-60 2.34E-03] _5.266-03 |,05/70/83,_Catfish | .Steel Creek River Niouth
30330100 NE |.Sr-80 7.52E-02) ,2.62e-02 |,05/10/83, | Catfish |,Steel Creek River Mouth
B0439600] NE | 5r-80 9.92E-013.06e-01 | 05/10/93,] Calfish_|.Steel Creek River Mouih
9890008300]  E | SrB0 | 1.20E-03] ,4.25e-03 |,00/20/54,| Bass |.8teel Creek River Mouth
95000984001 NE {880 2.14E-01] ,4.200-02 |,09/20/54 Bass | Steel Creek River Mouth
[B58G098600] NE 1,510 1.92E-01] .4.06e-02 |,00/20/94. | Bass | 5teel Creek River Mouth
8490306600 E 8r.80 1.66E-02] 6.50e-03 |,03/26/94,] Bream | Stee! Creek River Mouth
003087001 N& Sr-80 1,99€-01] .7.25¢.02 |.03/28/94,| Bream | ,Steel Creek River Mouth
80201400 E Sr80 2.04E 4.38e-03 { 03/28/04 | Catfigh [ Steei Creak River Mouth
9400201500] _ NE__ 18r80 | 1.50E-01] 3.466.03 | 03/26/64.] Catfish | Siecl Creek River Mouth
Te450301600] € 1.or90 | 5.83E-03] ,3.206-03 |.08/38/34 | Catfieh | Slee Creek River Moath
(8480201700] N2 _ 7%?-90"" [ 9.20E-02| ,3.65e.02 |,08/28/04,| Gatfish |,8leel Craek River
8490202700 E 8r-80 .93E-02] ,6.33e-03 |,03/268/84,1 Catfish | Steel Creak River Mouth
9490202800]  NE 1-80 3.12E:01] .8.172-02 ,ai::gm. Catfish_|.Steel Creek River Mouth
o0 E 8r-90 4.9 3] .4.200-03 |,09/96/93 Bass  |,L3R Creek River Mouth
3007611 NE |60 | 2.18€-01] 5.04e-02 | 0918/03 | Bass |,LR Greek River Moih
§380280800]  _E %r-so;_j 3.3E-03 _.igge-os .ogmm. Bream |,L3R Cresk River Mouth
903815 NE I- .87 2.169-02 | 08/18/03.| Broam |,L3R Creek River Mouth
T TS R AT S S TR AL T e ey —
9390624700] _NE 1,880 1.90E-011 .5.43e-02 |.05/14/83, | Bream |.LSR Creek River Mouth |
006252 € 1.Sr-90 4.45E-03] 2.24e-02 | 08/16/63. 1 Bream LL3K Creek River Mouth
93806283001 NE |.Sr-90 3,18E-01] ,5.78e-02 |,08/16/03,] Bream |,L3R Creek River Mouth
SA00400580] — E 1,800 | 8.16E-03]  5.026-03 | 0B/14/83. | Catfish |L3R Greek River Mouth
Qo] 'E _1.8euu 4 43E-03 ..1i2ﬂ; 08/14/83, | Catfish | L3R Creek River Mowih
B04 NE  |.8r-90 S4BE-O1[ 6.196-02 |,05/14/93,1 Catfish |,L3R Creek River Mouth |
=9 %E’E E  L6r80 | 4.64E-03] .8.77e-03 | 08/14/83.] Calfieh ﬁiﬁe‘ﬁﬁﬁm_
80438600 _NE .80 | 4.18E-02] 534602 |.0B/14/83, | Catfish |.L3R Creek River Mouth
§800080C0] E  |.8r-60 1.31E-03] 2.830-03 | 00/20/64,| Bass |.L3R Creek River Mouth
0880C NE _1,8r80 1.028.01) .3.40e-02 1.06/20/84, | Basz reek River
94902019C0] E | 8r-80 2.25E-011 ,1.730-02 | 09/28/84, | Bream LL3R Creek River Mouth
802013 NE [.8r80 1.5CE-04] 3.4 ,03/28/94, | Braam [,L3R Creek River Mouth
90213200 £ Sr-80 3.84E-02] ,8.61e-03 {,03/30/84,| Bream [,L3R Creek River Mouth
902133 NE _ ,.8r-80 | 1.136-01 .3.g%a-oz 03/30/64.1 Bream |.L3R Creek River Mouth
84003072 E___|8r80 3.4@ 8.490-03 [,04718/64, | Bream | L3R Creek River Mouth
B490307300] NE  [8r-90 | 2.63E.01] ,7.856-02 |,04/18/94,] Bream |.L3R Creek River Mouth
mmm""é“'“_ .Br-80___| 1.G0E-02] .5.77e-03 | 03/30/94, | Bream LL3R Creek River Mouth
343500] NE__|,8r80 A4 : 98002 E%;Famm @mkﬂ T Mouth
80108800 E | Sn00 4 52E-08] ,3.52-03 |, .| Catfish |.L3R Creek River Mouth |
B400188700] _NE Sre0 %"W. Te-02 %ﬁ' Caffish %c:m_n River Mourth
S4001988 E_ |.8080 ~4.400-08 | | Catfish | reek River |
) E ;50 ]"’s"TEE'-'Eé' 3.506-03 |,03/26/54. | Catfish |.L3R Cresk River Mouth
SaReTSet0]NE | 8ro0 | 2 E01[ 7 e | 09804 | Catfah | 3R Croek River Mouth
90200900  NE __|,8r-80 1.o§EJ1 4.286.02 | OW/26/54. 1 Calfish | L3R Greak Rlver Mouth
AVG__ IMAX AVG of MAX
[U3R Craek Mouth Si-90 1.J5E-01] 3.18E-01 peig_
Beaver Dam Creek Mouth Sr-80 | 2.04E-01] _ 8.77E-01 i
Four Mile Creek Mouth 8§80 4.23E-01] 1,82E+00 pCl/;
[Stee: Greax River Viouth 5160 | 1.26B-01|  9.92E-01 pch
3R Creek River Mc:mthl =00 1.0°E-01] 3.48E-01 ]
!
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[TOTAL ADIACENT §r-60 T 1.08E-01] 1.82E+00( B.91E-01(pClg | |
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Cs-137 &5r-80 DOWNSTREAM
E= Edibie| Nucide | Resuft | Uncenainty|Date “Fish
[ NE=Nonedible wat pCif
Fs?.r\pi‘a# ‘composite
[(DOWNST! _LREAM:QF SRE) I
300624000] NE__ G137 | S.B7E.02] 1.88e-02 |,00/16/93 | Bass | Hwy-301 Brioge Ares)
6390621 —E _ |:.Co-137__| 8.60E-02] 2,43e-02 | 05/25/63 | Bream | Hwy-301 Bridae Afe
§360420800]  E__ 1.Ce-187 | 7.18E-02| 1.48e-02 | 06/24/83, | Catfish_| Hwy-301 Bridge Are
120900 NE _1,C5-137 | 9.08B-02] ,2.42e-02 |,06/24/93,] Catfish_ 1 Bridge A
L“"ﬂg Co-137 | "'"1.49%‘67- 1] 2.01e-02 |,08/21/83.] Catfich -301 Bridge Are
001 NE__ ,Ce-187 | 4.27€-02{ ,1.40e-02 %_ 21793, | Catfish |,Hwy-301 Bridge Are
"B5000BT700] NE  |,C&-137 TIE-02| ,1.240-02 | ~Bass | Hwy-301 Bridge
SE50087800  E 1CaAST | 701807 .1.720-02 |.00/22/64, | Bass | Fwy-301 Bridge Afe
§960086000] NE  |,0s-137 | 4.41E-02] ,0.410-03 [,0 |__Bass |, Hwy-301 Bridge
[9480300800] ~__E__ .Cs-137 | 1.11E-01| 2.670-02 |,04/2 Bream | Hwy-301 Bridge Area
[5400306800]  E 137__| 4.44E-02] 1.35e-02 |,04/15/04 1 Bream | Hwy-301 Bridge Are
'8490307100]  NE ":'_Csd—':ﬂ 8.20E-02] ,2.100-02 1,04/15/54, | Bream | Hwy-301 Bridge Are
8490300300 3 C5-137 5.52E-02| ,2.05e-02 {,04/25/94,| Catfish | Hwy-301 ridge Are
[9490300700] €  |.Cs-137 | 7.07E-02| 2.42e-02 | 04/25/94,] Calfish_| Hwy-301 Bridge Area)
9390737600] _E _ |Ce-137 | 8.83E-02| .1.03e-02 |.11/10/93.1 Bass |.Stokes Bluff Land;
[9350736200) € 1,Gs-137 | 8.88E-02 ,2.20e-02 |,11/10/93, | Bass | Stokes BIuff Landi
Lé'mﬁiam E 1.65137 | 7.B7E-02] .2.23e-02 [,11/10/93.] Bass | Stokes BIuff Land_m'n
M E Cs-137 4.08E-02] .1.226-02 |,07/15/03 Bream Stoxes Bluff Landin
9390478600] € LCs-137 Jomnt 1 800-02 |.07/08/53. ] Catfish | Stokes Bluff Le
T390478700 € 1.Cs-187 | 7.30E-03] .1.836-03 |.07/08/83.] Catfish ] ﬁonu ot umni i
80306 E qéj 37 | 7.98E-02] .1.99¢-02 |,06/09/94,] Catfish | Stoxes Bluif Landi
.Bm € L.C&137 | 1.22E-D1] .2.58e-02 1,05/12/04,]1 Caifish |.Stokes Blufl Land
B490400300] E 137 | B.24E-02] ,1.76e-02 |,05/16/84 | Calfish | Stokes BIff Landing|
m“’"‘s"*'—,g-ﬁf 1,336-01] ,2.31e-02 |,10/19/83,] Bass | Hwy-17A Bridgs Are
3300704400 € | Cs137_ | 7.59E-02| ,2.07e-02 |.10/19/83, | Base Hwy-ﬁrana“g_‘m
[9350761300] & |,C5-137 | 5.61E~01| ,3.12e-02 |,10/19/83, | Mullet |, FAwy-17A eﬁfa Are
[93n0761400| & cs-m:‘ 1,22E-01] ,2.16e-02 |,10/19/93, | Muilet | Hwy-17A Bridge Are
81800] € LCS137 | 1.73E-02] ,2.07e-02 |,10/19/83,] Muliet |, Hwy-17A Bridqe Are
BB00l & 1Cs137 | B.OSE-2| 147603 |.0511/84. 1 Bass | Hwy-17A Bridge Are |
302300 T‘“ET-::’. ~T.07E-01] .2.100-02 |.05/11/04, | Bass | Fwy-17A ridge Are |
AVG MAX ____|AVG of MAX
HWY 301 BRIDGE C5-137 7.08E-02| 1.49E-01 pCv
'STOKES BLUFF LDG. Gs-137 | 7.87E-02] 1.22E-01 pClg
[HWY-17A BRIDGE C&-137 | 1.876-01] _5.61E-01 pCilg
TOTAL o:owus'TREA“M Cs137 | 9.81E.02] 5.818-01] 2.77E-01
G300620400] B |,8r80 | 8.50E-03] .4.41e-03 1,09/16/93,
83908205001  NE__ 1,810 7 B4E-02] ,2.69e-02 |,00/16/93,
9350624800] __E . |,Sr00 | 1.226:03) __ai_r'.'z‘ﬁa-oa 5716103
[0300624900] NE  |.Sr-90 8.50E-02| ,2.87€-02 |,05/16/93,
5900613000 E |, 5-80 1.48E-03| ,3.37e-03 |,00/16/93,
T50813700]  NE | 800 | 3.25E-01] 3.006-02 |.06/16/83.
5700613300 E 1 6r90 | 5.13E-03] 4.838-0 |.00/16/).

Appendix B
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Cs-137 &Sr-80 DOWNSTREAM
~*30613300] NE [Sr.80 | 1.56E-01] 3.556-02 | .00/16/03,] Bream | Hwy-301 Bridge Are
D0821600] _E __|.8r-90 | 8.29E-03| ,3.750-03 |,06/25/93,] Bream Wm&j
__50B2470D NE  }.Sr-80 1.50E-01] 3.35e-02 | 05/25/83,] Bream | Hwy-301 Bridge Ares
§300392300] E | 5r90 | 4.30E-03| 5.10E-03 |06/21/83, | Catfish |.Hwy-301 Bridge Ares
93903924001 NE _ 1,880 9.84E-02] 2.70e-02 |.06/21/83,] Catfish |.Hwy-301 Bridae Are
93004208 E_ 1.8r80 | 6.63E-03] ,5.286-03 |,06/24/93.] Catfish | 301 Brdge Are
‘m'_&k Sr-90 2.96E-01( 8.68e-02 |,06/24/93, | Catfish | Hwy-301 Bridge Aree
9300436700]  NE  |,Sr-80 2.55E-01] .1.40e-01 |,06/21/93,| Gathish JHwy-301 Bridge Area
LEGWW_E"W 1.52E-01] 3.45e-02 [09/22/04 { Bass | Mwy-301 Bridge Are
9500087800] _E ‘EET%% 413E-03] 367003 |.00/22/04.| Bess | Hwy-301 Bridge Are
055008 NE Sr- 1.37B-01] ,3.38¢-02 {.0 ass 301 Bridge Are
o6 ; &80 | 8.31E-03] ,3.566-03 | Bream |, Hwy-301 Bridge Are
W—F 800 | 2.63E-01] 457602 | 045784, ] Bream | Fy-301 Bridec Arg

%"‘_‘E Sr- MED2] 6.376:08 .0 Bream _| Hwy-301 Bridge
NE 1800 | 238607 4.706-03 |.05/02/04. ] Bream | Fwy-307 e A
E gr-io 1 14E-02] 975603 | 0EI02/64. | Bream 301 Bridge Ares
| NEL6re0 1 2. 1] 4.15e-02 UW” ream |, 1 Bridge Are
848030880/ E |.5r0 1.72E-02 ..75e-cﬂ:t 041 ;I:I::. Bream |.Hwy-301 Bridge Are
203071 NE {.8r-80 4 33E 8.23e-02 |,04/1 ,| Bream |, 301 Bridqe Are
5490300300 E  |Sr-00 | B.81E-05 % #Mﬁsi_ﬁ_ " Catfish MLSM rdge Are
50 [ NE r- 2,02E-01] 4.4 04/25/94,] Catfish |,Fwy-301 Bridge Area
9 tol E (8~ [ 1.37E-02( 4 8703 |,04/25/04, | Catfish | Mwy-301 Bridge Are
'94503008C0] _NE | BAE0 | 1.7BE-01] .4.#2e-02 |04/25/94,] Caifish | Hwy-307 Bridge Are
AVG MAX AVG of MAX
WY 301 BRIDGE Sr-90 1.05E-01] 4.33E-01 Vg
OTAL DCWNETREAM Sr-80 1.68€-01] _ 4.33E-01] 4.33E-01|pClg _

Appendix 8

P.2B



MRY 22 97 B2:31PM SC DHEC BSHWM P.29

APPENDIX C

Risk calculations based on the average of the maximum concentrations of Cs-_137 afxd Sr-90 in
Savannah River fish upstream, adjacent to, and downstream of the Savannah River Site
and
Consumption limits of Savannah River fish protective of the 1.0x10°* risk level

(1993 and 1994 data)
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AVERAGE OF MAX RISK (93-04data)
=137 GONCENTRATION (pCi/g) LOCATION
G MAX AVG of MAX |
_.51E-01] 4.21E-01 Augusta Lock&Dam
2.51E-01; 4,21E-01! 4.21E-01 TOTAL UPSTREAM
I
6.96E-02! 7.93E-02 U3Runs Creek Mouth
2.81E-01] 8.37E-1 Beaver Dam Creek Mouth
[ 1.40E-01] 3.54E-01 Four Mile Creek Mouth
4.818-01] 2.12E+00 Stesl Creek Mouth
[ 3.90E-01{ 1.33E+00 L3Runs Creek Mouth
3.44E-01] 2.12E+00| 9.54E-01 TOTAL ADJACENT
_ L
| 7.08E-02| 1.49E-01 Hwy 301 Bridge.
7.87E-02] 1.22E-01 Stokes Bluff Landin
167E-01] 5.61E-01 Hwy-17A Bridge
9,61E-02] 85.61E-01| 2.77E-01 TOTAL DOWNSTREAM
Cs-137 RISK =(concentration in pCi/kg)(exposure duration in yrs)(ingestion rate in kg/yr)(siope factor
18ka/yri30yrs 50 30yrs LOCATION
{
L'T.E»BE-OG 28-05 ﬁIOTM' UPSTREAM
—_— 1 l
1.74E-03 4,57E-05 TOTAL ADJACENT
R i
4.80E-08 1.31E-05 TOTAL DOWNSTREAM
-
$-80 CONCENTRATION (pCl/ LOCATION
AVG MAX AVG of MAX T
1.37E-01| 6.99E-01 Augusts Lock&Dam
1.37€-01( 6,08E.01| 8.99E-01 TOTAL UPSTREAM
1.13E-01] 3.18E-01 U3Runs Creek Mouth
2,04E-01] 9.77E-01 Beaver Dam Creak Mouth
4.23E-01! 1.82E+00 Four Mile Creek Mauth
1.24E-01] $.92E-01 Steel Creek Mouth
{_1.01E-01; 3.48E-01 L3Runs Creek Mouth
1.98E-01 1.82E+00] 8.91E-01 TOTAL ADJACENT
1.05E-01] 4.33E-01 Hwy 301 Bridge
1.06E-01] 4.33E-01] 4.32E-01 TOTAL DOWNSTREAM
'Sr-00 RIGK =(concentration in pCu/kgy(exposure duration in yrsj(ingestion rate in kg/yn)(siope facton
19kp/yrR30Yrs S0kg/yr@30yrs LOCATION
— L
| 1.63E05 4.29E-05 TOTAL UPSTREAM
l
2.08€E-05 5.47€-05 TOTAL ADJACENT
I l

Appendix C
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AYERAGE OF MAX RISK (93-84data)

[ 1.01E-05 2.86E-05 TOTAL DOVWNSTREAM
}
C5-137 + 6r-90 COMBINED AVG OF MAX RISK ;
19k 30yrs 50 r@30vrs LOCATION
ﬁ_ |
2.39E-05 6.20E-05 TOTAL UPSTREAM
3.81E-08 1.00E-04 TOTAL ADJACENT
D — l
1.51E-05 3.97E-05 TOTAL DOWNSTREAM

! -
Consumption limit (ka/yr) to be pratective (Cs-137)

1E-6 risk [1E-5risk |1E-4 risk

UPSTREAM . 2.51E+00| 2.51E+01] 2.51E+02
ADJACENT 1.08E+Q0] 1.09E+01| 1,09E+02

DOWNSTREAM 3.81£+00] 3.81E+01] 3.81E+02

Consumption limit (ka/yr) 16 be protective (Sr-90)

1E-6risk |1E-5risk |1E-4 rigk

IPeTOEAM 1.51E+00] 1.51E+01] 1.51E+02

(ADJACENT 1.18E+00 1.18E+01] 1.18E+02

DOWNSTREAM 2.44E+00| 2.44E+01] 2.44E+02

{Cansumiption limit (pounds per manth) to be protective (Cs-137)
1E-6 risk [1E.5¢isk |1E-4 risk

[UPSTREAM 0.459358| 4.583577] 45.93577
ADJACENT 0.200812] 2.008916] 20.08118

DOWNETREAM 0.698157| 6.981574; 69.81574

Consumption limit (pounds per month) to be protectiva (Sr-80}

16-6 risk |1E-5risk |1E-4 risk |

UPSTREAM 0.276666| 2766661 27.68661
ADJACENT 0.217048| 2170475, 21.70478

{DOWNSTREAM 0.446627) 4.466272) 44.6827

Appendix C
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GENERAL Q & A FISH ADVISORY INFORMATION

What is a radioactive element?

A radioactive element is an element whose nucleus is unstable and tries to become
stable by way of nuclear decay. The term nuclide, i applied to all atomic forms of the
element while the term “radioisotope” is the most common term used to describe various
unstable forms of a single element. For example, cesium has several different isotopes
including Cesium 134 and Cesium 137. Each isotope has the same chemical properties
as stable cesium, except they have a different number of neutrons in their atomic
structure.

Are there different forms of radiation?

There are three different forms of radiation: alpha and beta particle and gamma
rays: Alpha and beta particles can cause damage only when they enter the body. Due
to their size, both particles have little potential to cause external radiation damage. A
gamma ray is similar to an x-ray and has the ability to penetrate the skin and enter the
body from the outside. A gamma ray can also cause damage if the radionuclide is
ingested or inbaled into the body.

How do radioactive isotopes become contaminants in fish? Can they build up in
humans?

Some radioactive isotopes occur naturally in the environment. However, there
are alsc a number of other isotopes that are released by the activities of man. Some
radioisotopes are released by nuclear fallout, some are released through accidental
releases or runoff from various processes associated with muclear facilities. Some
radioisotopes are used in medicine and can be released at low levels from the body. Low
levels of radioactive isotopes in water can build up in fish over time. Older fish have
higher levels of radioactive isotopes in their bodies.

Humans can eliminate some of the radioactive isotopes through body wastes, but
some of the radioactive isotopes will remain in the body for long time. Por example,
Strontium-90, which is a radioactive isotope, acts the same as calcium in the body and
since bones need calcium to remain strong, Strontium-90 will go to the bones just like
calcium,

13}
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Can radiation affect my health?

Radioactive material can build up in the body, but your body can slowly get rid
of some of it through body wastes. But if you are eating more than your body can get
rid of, it will build up in your system and can cause long-term effects. As stated earlier,
alpha and beta particles have the potential to harm the body after they have entered the
body. Since gamma rays are more penetrating, they have the potential to produce harmful
effects regardiess if they are inside or outside of the body.

At unsafe doses, some of the long-term effects of radiation exposure include
genetic abnormalities in the chromosome or genetic mutations in cells of your body.
Long term exposure to excess levels of radiation can also cause cancer to most organs
and systems of the body such as the bones or thyroid.

Can [ get tested for radiation exposure?

Curremly there are not any methods which allow us to detect long term exposure
to radiation.

One of the major problems in detecting the effects of radiation exposure is due
to the large amount of uncertainty associated with the chronic effects of low doses of
radiation. This uncertainty is in large part due to the time lag (years) present between
exposure to low dose radiation and its potential effect.

How do radioactive materials enter the environment?

Radioactive material can be released through the natural weathering of the earth’s
crust by wind and water. Radioactive materials can be found throughout the
environment.

Radicactive material can get into air through natural means from deposits of ore,
volcanic dust, or through activities carried out by man such as nuclear weapons testing
and the use of nuclear power, Air, water, and soil all contain radioactive material from
both natural sources and human activities.

Radioactive material can get into lakes, rivers or soil from rocks containing
radioactive material, from accidental releases of radioactive material, or nuclear
weapons, or nuclear power plants.
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Is the Savannah River Site a potential source for the radioactive material found in
the fish from the Savannah River?

Yes, The information that has been collected so far on fish from the Savannah
River suggests that one of the sources of the radioisotopes is past releases from the
Savannah River Site (SRS). These radioisotope releases occurred due to historical
methods for the disposal of radioactive material at the site, These methods are no longer
used at SRS to dispose of radioactive material and discharge to streams have been
reduced.

In addition, some of the radioisotopes found in the river may be due to nuclear
weapons testing fatlout and/or natural sources.

Why is the risk from eating fish apparent now but was not evident earlier:

There are different groups of scientists who have been studying and working with
things in the environment that may be threats to human health. One group of scientists
has focused on radiation and they have tried to answer the question "What dose
(exposure) to radiation can humnans safely tolerate without affecting their heaith?" The
standards they agreed upon were based on the dosage (exposure) that would cause death,
usually from cancer. These standards have been used over the years to monitor work
with radioactive materials, not only at SRS and similar facilities, but also with persons
who operate x-ray machines and other people who may come in ¢ontact with radiation.

A different group of scientists have focused their work on the effects of toxis
materials in the environment and their potential effect on human health. These scientists
have worked with toxic materials that may be released from operating industries or found
at waste sites of disposal or accidental spills. The standards they set for human safety
are based on the risk of persons getting sick (for example, cancer) if they come in
contact with these materials over time. They have been responsible for establishing the
rules for cleaning up contaminated sites to keep them safe from endangering the public.

The methods employed by these scientists can result in different estimates of the
risks associated with exposure to radioisotopes in the fish. Based on the method being
used here, we believe the risk needs to be communicated so that people who routinely
eat fish from the Savannah River can make informed decisions about which fish to eat
and how much.

Is the fish contamination from radioactive material due to current or recent releases
from SRS?

No. If a current or recent release of radioactive material had occurred at SRS,

3
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SCDHEC and DOE would have made sure that the public would bave been notified.
What is being done to correct the problem?

There are on-going investigations and remedial actions occurring at SRS which
are being coordinated through a Federal Facilities Agreement (FFA). DOE, EPA, and
SCDHEC are the three parties involved in the FFA and this Agreement allows for federal
and state oversight of projects to investigate and clean up contaminated sites at SRS.

Have all fish in South Carolina been tested for radioactive isotopes contamination?

No. Fish have not been tested in all the state’s waterbodies and not all species
of fish have been tested. Fish in waterbodies near other nuclear facilities located in
South Carclina have been tested for radioactive isotopes. The concentrations of
radioactive isotopes found in fish from these waterbodies are lower than the amount of
radioactive isotopes present in fish from the Savannah River.

What fish in the Savannah River have been found to be contaminated with
radioactive isotopes?

The Savannah River fish that have been sampled and found to contain radioactive
isotopes are sucker, bowfin, shad, largemouth bass, striped bass, bream, carp, catfish,
and mullet.

Are there studies currently being done to determine if there are higher amounts of
cancer in the Savannah River area around the Savannah River Plant?

The Medical University of South Carolina and SCDHEC are working on 2 joint
project called the “Savannah River Regional Health Information System”. The purpose
of this system is to collect data concerning cancer in this area to determine any trends
in the occurrence of cancer among local residents near the site. Additional information
about this information about this system can be obtained by calling the Cancer Cluster
Hotline at 800-224-1674. They can also respond to concerns about cancer occurrences
in your area.

Why is DHEC basing its review on portions of fish some people consider to be non-
edible?

DHEC looked at radioisotope contamination in edible and non-edible portions of
fish because there may be some individuals who eat sections of the fish which other
individuals would consider to be non-edible. For example, after a fish has been fried,
some individuals will eat the fried fins.
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Is the water from the Savannah River safe to drink?

The water that is drawn from the Savannah River for drinking water purposes is
gafe to drink, The water is monitored for different contaminants, such as radioactive
materials, at the Beaufort/Jasper Water Plant. All water that has been tested from the
Savannah River has been found to be safe to drink and daily use.

What about using the water for recreation?

The Savannah River still can be enjoyed for camping, swimming, boating, and
skiing. The water itself is not showing high levels of radioactive material and it is safe
to handle fish caught in this river. You can continue fishing the Savannah River as long
as you pay attention to consumption guidelines which bhave been published.

Will DHEC test fish from waterbodies near other nuclear facilities in the state?

DHEC has analyzed the concentration of radioactive material in fish from the
waterbodies near nuclear facilities and the radioisotope concentrations in these fish are
lower than the radioisotope concentration found in fish caught in the Savannah River.
The sampling and testing of fish near all nuclear facilities will continue,

Does the presence of radioactive material in the Savannah River affect dredge spoils
from the river which are being used for land fiil material in the Beaufort area?

Ne. The levels of radioactive material in the dredge sediments are very low and
does not affect the use of this material for land fill.

Will DHEC do more testing?

Yes, DHEC will continue to monitor radioactive material in the Savannah River.
The advisory will remain in effect until our fish testing shows that the concentration of
radioactive material in the fish has declined to an acceptable level. We will inform the

. public of new information as it becomes available.

If more testing is to be done, will the potential effects on saltwater species (e.g.
oysters, shrimp) be examined?

As part of the continued monitoring of radioactive material in fish, DHEC will

be expanding their testing to sample species of fish, oysters, and shrimp from saitwater
areas of the Savannah River. In addition, more samples of sediments from the Savannah

5
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River will be collected and analyzed adjacent to and downstream of SRS.

Were there any trends in the data which showed if the levels of the radioisotopes are
decreasing or that the concentrations of the radioisotopes were elevated at certain
locations along the Savannah River?

Currently, only two years of fish caught in the Savannah River have been
analyzed using the current methods employed by DOE, SCDHEC, and GDNR and there
is not enough information available to determine any trends. Concentrations of cesium-
137 and strontium-90 are higher sdjacent to and downstream of SRS than in locations
upstream of SRS. These concentrations are probably due to past radioactive material
releases at SRS.

How far do fish migrate? Do they swim upstream?

All fish species can and do swim upstream but all species do not migrate.
Individuals of some species like bream and largemouth bass remain in relatively small
areas their entire lives and don't move around a iot. The Savannah River does contain
some species (stripped bass, sturgeon, white bass, some catfish, eic.) that are known to
move or migrate great distances in relatively short time-frames. In fact, striped bass may
migrate from off-shore waters to Thurmond Dam in less than a couple of days then
return to cosstal waters,
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Cesium 137

Cesium is an alkali metal which occurs naturally in the earth’s crust. Cesium-133
is a naturally-occurring isotope while other isotopes of cesium are man made. The most
abundant man-made isotope of cesium is Cesium-137, produced as a byproduct of fission
reactions, Cesium-137 has been released to the atmosphere through weapons testing and
to terrestrial and aquatic systems through accidental releases. Cesium is one of the most
important radioisotopes to consider at SRS because it is a primary radioisotope released
at SRS, from past operating processes. The half life of Cesium-137 is 30 years.

Fate and Transport

Cesiurn-137 is removed from the atmosphere because of its tendency to attach to
to surface soils, surface waters, and vegetation and plants, In surface soils and in surface
waters and groundwaters, Cesium-137 is not carried in the water column of surface
waters since it in tends to attach to particles of soil/sediments or plants, settling at
bortom of these water bodies.

Human Health Effects

Chemically, Cesium-137 can act as an analog of potassium. This means that it
will concentrate in the body the same way that potassium would concentrate, Cesium-137
is retained in higher concentrations whep the supply of potassium supply is low. The
primary danger from Cesium-137 is through the release of beta particles and gamma
rays. Beta particles can only partiaily penetrate the skin; they are of concern due to their
ability to once they are ingested or inhaled. Gamma rays have the ability to fully
penetrate the skin and cause damage to internal organs whether they are taken into the
body through ingestion or inhalation or not. Cesium-137 can be physically cleared from
the body through fecal or urinary excretion, and perspiration. Thus, its elimination
occurs both through radioactive decay and biological elimination. The effective half-life
of Cesium-137 in the body is approximately 73 days.

Ecological Effects
Cesium-137 has a high bioaccumulation factor in fish and does have the potential
to bioaccumulate through the food chain. The uptake of a radioisotope by fish or any

organism can be quantified by calculating bioconcentration factors. Bioconcentration
factors tend to increase with decreasing concentrations of potassium in Savannah River

7
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water (Whicker et al., 1990). The aquatic food chain accumulates Cesium-137 not only
from water but also from suspended and bottom sediments and from absorption from
food. For the Savannah River, Cummins (1994) reported that Cesium-137 had
bioconcentration factors that were orders of magnitude higher than those repoited in the
literature. The relatively high bioconcentration factors of Cesium-137 in fish flesh can
be largely explained by the low concentration of potassium in the water.

Strontium 90

Strontiumn is an alkaline metal that is found naturally in the earth’s crust in small
quantities, usually associated with calcium or barium minerals. Due to its atomic
structure and chemical properties, strontium is similar in nature to magnesium, calcium,
barium, and radium. Strontium-90 is the primary isotope of strontium that is of concern
at SRS. Strontium-90 has a 28-year half life and is a beta emitter. Strontium-90 has been
released to the atmosphere due to weapons testing and has been released at SRS into
omsite seepage bagins and site streams (Carlton et al., 1992b).

Fate and Transport

Strontium-99 is found in natural systems. It does not strongly attach to suspended
particulate matter in water. Thus, it is soiuble in soils, in surface water, and
groundwaters.

Human Health Effects

Strontium-90 emits beta particles and is only a significant human health risk when
it enters the human body through ingestion or inhalation. Because it behaves like
calcium, Strontium-90 can be a potential contributor to the skeletai dose of an individual.
Strontium-90’s effective half-life is approximately 10 years due to its tendency 10 be
incorporated into the bone.

Ecological Effects

Strontium-90 can also be incorporated into the skeletal structure of terrestrial and
aquatic organisms in the same manner as it is incorporated into humans. Strontium-90
uptake in most aquatic organisms occurs directly from the water and only about one-tenth
of the Strontium-90 is taken up by fish through the food chain, Therefore, trophic or
feeding level appears to have little effect on the bioconcentration factor of Strontium-90.
Strontium-90 tends to accumulate in the backbone of fish. As with Cesium-137, the
Strontium-90 bioconcentration factors calculated for SRS aquatic systems are higher than
those reported in the literature (Cummins, 1994).

8
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OSWER_Directive 9285.6-03
MEMORANDUM

SUBJECT: Human Health! Evaluation Manual, Supplemental Guidance:
"Standard Default Exposure Factors"

FROM: Timothy Fields, Jr., Acting Director
Office of Emergency and edial Response

Bruce Diamond, Direct

Office of Waste Programs forcement

TO: Director, Waste Management Division,

Regions I, IV, V, & VII

Director, Emergency & Remedial Response Division,
Region II

Director, Hazardous Waste Management Division,
Regions III, VI, VIII, & IX ,

Director, Hazardous Waste Division,
Region X

Purpose

The purpose of this directive is to transmit the Interim
Final Standard Exposure Factors guidance to be -used in the
remedial investigation and feasibility study process. This
guidance supplements the Risk Assessment Guidance for Superfund:
Human Health Evaluation Manual, Part A that was issued
October 13, 1989.

Backaround

An intra-agency workgroup was formed in March 1990 to
address concerns regarding inconsistencies among the exposure
assunptions used in Superfund risk assessments. Its efforts
resulted in a June 29, 1990, draft document entitled "Standard
Exposure Assumptions". The draft was circulated to both
technical and management staff across EPA Regional Offices and
7ithin Headgquarters. It was also discussed at two EPA-sponsored
neetings in the Washington, D.C., area. The attached interim
final document reflects the comments received as well as the
results of recent literature reviews addressing inhalation rates,
soil ingestion rates and exposure fregquency estimates.

r@\ Dorntard nn Darvrior Paner



Objective

This guldance has been developed to reduce unwarranted
variability in the exposure assumptions used by Regional
Superfund staff to characterize exposures to human populations in
the baseline risk assessment.

ementatio

This guidance supplements the Risk Assessment Guidance for
Superfund (RAGS): Human Health Evaluation Manual, Part A.- Where
numerical values differ from those presented in Part A, the
factors presented in this guidance supersede those presented in
Part A.

This guidance is being distributed as an additional interim
final guidance in the RAGS series. As new data become available
and the results of EPA-sponsored.- research projects are finalized,
this guidance will be modified accordingly. We strongly urge
Regional risk assessors to contact the Toxics Integration Branch
of the Office of Emergency and Remedial Response (FTS 475-9486)
with any suggestions for further improvement; as we will begin
updating and consolidating the series of RAGS documents in 19%2.

Attachment

cc: Regional Branch Chiefs
Regional Section Chiefs
Regional Toxics Integration Coordinators
Workgroup Members
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SUPPLEMENTAL GUIDANCE
"STANDARD DEFAULT EXPOSURE FACTORS"

INTERIM FINAL

Office of Emergency and Remedial Response
Toxics Integration Branch
U.S. Environmental Protection Agency
Washington, D.C. 20460
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* * * % NOTICE % % * =%

The policies set out in this document are not final Agency
action, but are intended solely as guidance. They-are not
intended, nor can they be relied upon, to create any rights
enforceable by any party in litigation with the United States.
_EPA officials may decide to follow the guidance provided in this
document, or to act at variance with the guidance, based on an
analysis of site-specific circumstances. The Agency also
reserves the right to modify this guidance at any time without
public notice.
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1.0 INTRODUCTION

The Risk Assessment Guidance for Superfund (RAGS) has been
divided into several parts. Part A, of the Human Health
Evaluation Manual (HHEM; U.S. EPA, 198%9a), is the guidance for
preparing baseline human health risk assessments at Superfund
sites. Part B, now in draft form, will provide guldance on
calculating risk-based clean-up goals. Part C, still in the
early stages of development, will address the rlsks associated

with various remedial actions.

The processes outlined in these guidance manuals are a positive
step toward achieving national consistency in evaluating site
risks and setting goals for site clean-up. However, the
potential for inconsistency across Regions and among sites still
remains; both in estimating contaminant concentrations in
environmental media and in describing characteristics and
behaviors of the exposed populations.

Separate guidance on calculating contaminant concentrations is
currently being developed in response to a number of inguiries
from both inside and outside the Agency. The best method for
calculating the reasonable maximum exposure (RME) concentration
for different media has been subject to a variety of
interpretations and is considered an important area where further
guidance is needed.

This supplemental guidance attempts to reduce unwarranted
variability in the exposure assumptions used to characterize
potentially exposed populations in the baseline risk assessment.
This guidance builds on the technical concepts discussed in HHEM
Part A and should be used in conjunction with Part A. However,
where exposure factors differ, values presented in this guidance
supersede those presented in HHEM Part A.

Inconsistencies among exposure assumptions can arise from
different sources: 1) where risk assessors use factors derived
from site~-specific data; 2) where assessors must use their best
professzonal judgement to choose from a range of factors
published in the open literature; and 3) where assessors must
make assumptions (and choose values) based on extremely limited
data. Part A encourages the use of site-specific data so ‘that
risks can be evaluated on a case-by-case basis. This

' supplemental guidance has been developed to encourage a
consistent approach to assessing exposures when there is a lack
of site-specific data or consensus on which parameter value to
choose, given a range of possibilities. Accordingly, the
exposure factors presented in this document are generally
considered most appropriate and should‘'be used in baseline risk
assessments unless alternate or site-specific values can be
clearly justified by supporting data.
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Supporting data for many of the parameters presented in this
guidance can be found in the Exposure Factors Handbook (EFH; U.S.
EPA, 1990). In cases where parameter values are not available in
EFH, this guidance adopts well-gquantified or widely-accepted data
from the open literature. Finally, for factors where there is a
great deal of uncertainty, a rationally-derived, conservative
estimate is developed and explained. As new data become
available, this guidance will be modified to reflect them.

These standard factors are intended to be used for caiculating
reasonable maximum exposure (RME) estimates for each epplicable
scenario at a site. Readers are reminded that the goal of RME is
to combine upper-bound and mid-range exposure factors in the
following equation ‘so that the result represents an exposure
scenario that is both protective and reasonable; not the worst
possible case:

Intake = C X TR x FF x FD
BW x AT

C = Concentration of the chemical in each medium
(conservative estimate of the media average
contacted over the exposure period)

IR = Intake/Contact Rate (upper-bound value)
EF = Exposure Freguency (upper-bound value)
ED = Exposure Duration (upper-bound value)
BW = Body Weight (average value)

AT = Averaging Time (egqual to exposure duration for
non-carcinogens and 70 years for carcinogens)

Please note that the Agency is presently evaluating metnods for
calculating conservative exposure estimates, such as RME, in
terms of which parameters should be upper-bound or mid-range
values. If warranted, this guidance will be modified
accordingly. '

1.1 BACKGROUND

An intra-agency workgroup was formed at the Superfund Health Risk
Assessment meeting ‘in Albuquerque, New Mexico (February 26 -
March 1, 1990). Its efforts resulted in a June 29, 1990, draft
document entitled "Standard Exposure Assumptions". The draft was
distributed to Superfund Regional Branch Chiefs, and members of
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other programs within the Agency, for their review and comment.
It was also presented and discussed at two EPA/OERR sponsored
meetings. The meetings, facilitated by Clean Sites, Inc.,
brought members of the "Superfund community" and the Agency
together to focus on technical issues in risk assessment.

A final review draft was distributed on December 5, 1990, 'which
reflected earlier comments received as well as the results of
more recent literature reviews addressing inhalation rates, soil
ingestion rates and exposure frequency. estimates (these being
areas commented on most frequently).

1.2 PRESENT AND FUTURE LAND USE CONSIDERATIONS

The exposure scenarios, presented in this document, and their
corresponding assumptions have been developed within the context
of the following land use classifications: residential,
commercial/industrial, agricultural or recreational.
Unfortunately, it is not always easy to determine actual land use
or predict future use: local zoning may not adequately describe
land use; and unanticipated or even planned rezoning actions can
be difficult to assess. Also, the definition of these zones can
.differ substantially from region to region. Thus, for the
purposes of this document, the following definitions .are used:

Residential

Residential exposure scenarios and assumptions should be
used whenever there are or may be ‘occupied residences on or
adjacent to the site. Under this land use, residents are
expected to be in frequent, repeated contact with
contaminated media. The contamination may be on the site
itself or may have migrated from it. The assumptions in_
this case account for daily exposure over the long term and
generally result in the highest potential exposures and
risk.

commercial /Industrial

Under this type of land use, workers are exposed to
contaminants within a commercial area or industrial site.
These scenarios apply to those individuals who work on or
near the site. Under this land use, workers are expected to
be routinely exposed to contaminated media. Exposure may be
lower than that under the residential scenarios, because it
is generally assumed that exposure is limited to 8 hours a
day for 250 days per year. "



Agricultural

These scenarios address exposure to people who live on the
property (i.e., the farm family) and agricultural workers.
Assumptions made for worker exposures under the
commercial/industrial land use may not be &pplicable to
agricultural workers due to differences in workday length,
seasonal changes in work habits, and whether migrant workers.
are employed in the affected area. Finally, the farm family
scenario should be evaluated only if it is known that such
families reside in the area.

Recreatjonal

This land use addresses exposure to people who spend a
limited amount of time at or near a site while playing,
fishing, hunting, hiking,. or engaging in other outdoor
activities. This includes what is often described as the
“trespasser" or "site visitor" scenario. Because not all
sites provide the same opportunities, recreational scenarios
must be developed on a site-specific basis. Frequently, the
community surrounding the site can be an excellent source of
information regarding the current and potential recreational
use of a site. The RPM/risk assessor is encouraged to
consult with local groups to collect this type of
information.

In the case of trespassers, current exposures are likely to
be higher at inactive sites than at active sites because
there is generally little supervision of abandoned
facilities. At most active sites, security patrols and
normal maintenance of barriers such as fences tend to limit
(if not entirely prevent) trespassing. When modeling
potential future exposures in the baseline risk assessment,
however, existing fences should not be considered a ’
deterrent to future site access.

Recreational exposure should account for hunting and fishing
seasons where appropriate, but should not disregard local
reports of species taken illegally. Other activities should
also be scaled according to the amount of time they could
~actually occur; for children and teenagers, the length of
the school year can provide a helpful limit when evaluating
the fregquency and duration of certain outdoor exposures.



2.0 RESIDENTIAL

Scenarios for this land use should be evaluated whenever there
are homes on or near the site, or when residential development is
reasonably expected in the future. 1In determining the potential
for future residential land use, the RPM should consider:
historical land use; suitability for residential development;
local zoning; and land use trends. Exposure pathways evaluated
under this scenario routinely include, but may not be limited to:
ingestion of potable water; incidental ingestion of soil and
dust; inhalation of contaminated air; and, where appropriate,
consumption of home grown produce.

2.1 ngestion o otable Wate

This pathway assumes that adult residents consume 2 liters
of water per day, 350 days per year, for 30 years.

The value of 2 liters per day for drinking water is
currently used by the Office of Water in setting drinking
water standards. It was originally used by the military to
calculate tank truck requirements. In addition, 2 liters
happens to be guite close to the 90th percentile for
drinking water ingestion (U.S. EPA, 1990), and is
comparable to the 8 glasse: of water per day historically
recommended by health authorities.

The exposure frequency (EF) of 365 days/year for the
residential setting used in RAGS Part A has been argued both
inside and outside of the Agency as being too conservative
for RME estimates. National travel data were reviewed to
determine if an accurate number of "davs spent at home"
could be calculated. - Unfortunately, conclusions could not
be drawn from the available literature; as it presents data
on the duration of trips taken for pleasure, but not the
frequency of such trips (OECD, 1989; Goeldner and Duea,
1984; National Travel Survey, 1982-89). However, the
Superfund program is committed to moving away from values
that represent the "worst possible case." Thus, until
better data become available, the common assumption that
workers take two weeks of vacation per year can be used to
support a value of 15 days per year spent away from home
(i.e., 350 days/year spent at home).

In terms of exposure duration (ED), the resident is assumed
to live in the same home for 30 years. In the EFH, this
value is presented as the 90th-percentile for time spent at
one residence. (Please note that in the intake equation,
‘averaging time (AT) for exposure to non-carcinogenic
compounds is always equal to ED; whereas, for carcinogens a
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70 year AT is still used in order to compare to Agency slope
factors typically based on that value).

2.2 Incidental Ingestion of Soil and Dust

The combined soil and dust ingestion rates used in this
document. wvere presented in OSWER Directive 9850.4 (U.S. EPA,
1%89b), which specifies 200 mg per day for children aged 1
thru 6 (6 years of exposure) and 100 mg per day for others.
These factors account for ingestion of both outdoor soil and
indoor dust and are believed to represent upper-bound values
for soil 'and dust ingestion (Calabrese, et al., 1989;
Calabrese, et al., 1990a,b; Davis, et al., 1990; Van Wijnen,
et al., 1990). Presently, there is no widely accepted
method for determining the relative contribution of each
medium (i.e., soil vs. dust) to these daily totals, and the
effect of climatic variations (e.g., snow cover) on these
values has yet to be determined. Thus, a constant, year
round exposure is assumed (i.e., 350 days/year).

Please note that the eguation for calculating a 30-year
residential exposure to soil/dust is divided into two parts.
First, a six-year exposure duration is evaluated for young
children which accounts for the period of highest soil
ingestion (200 mg/day) and lowest body weight (15 kg).
Second, a 24-year exposure duration is assessed for older
children and adults by using a lower soil ingestion rate
(100 mg/day) -and an adult body weight (70 kg).

2.3 Inhalatjon of Contaminated Air

In response to a ngmber of comments, the RME inhalation rate
for adults of 30 m”/day (presented in HHEM Part A) was re-
evaluated. Activity-specific inhalation rates were combined
with time-use/activity level data to derive daily inhalation
rate values (see Attachment A). Our evaluation focused on
the following population subgroups who would be expected to
spend the majority of their time at home: housewives;
service and household workers; retired people; and
unemployed workers (U.S. EPA, 1985). An inhalation rate of
20 m"/day was found to represent a reasonable upper-bound
value for adults in these groups. This value was derived by
combining inhalation rates for indoor and outdoor activities
in the residential setting. This rate would be used in
conjunction with ambient air levels measured at or downwind
of the site. Although sampling data are preferred,
procedures described in Hwang and Falco (1986) and

Cowherd, et al. (1985) can be used to estimate volatile and
dust-bound contaminant concentrations, respectively.



.In cases where the residential water supply is contamirated
with volatiles, the assessor needs to consider the potential
for exposure during household water use (e.g., cooking,
laundry, bathing and showering). Using the same time-
use/gctivity level data described above, a total of

15 m°/day was found to represent a reasonable upper-bound
inhalation rate for daily, indoor, residential activities.
Methods for modeling volatilization of contaminants in the
household .(including the shower) are currently being
developed by J.B. Andelman and U.S. EPA’s Exposure
Assessment Group. Assessors should contact the Superfund
Health Risk Assessment Technical Support Center for help
with site-specific evaluations (FTS-684-7300).

2.4 Copsumption of Home Grown Produce

This pathway need not be evaluated for all sites. It may
only be relevant for a small number of compounds (e.g., some
inorganics and pesticides) and should be evaluated when the
assessor has site-specific information to support this as a
pathway of concern for the residential setting.

The EFH presents figures for "typical" consumption of fruit
(140 g/day) and vegetables (200 g/day) with the "“reasonable
worst case" proportion of produce that is homegrown as 30
and 40 percent, respectively. This corresponds to values of
42 g/day for consumption of homegrown fruit and 80 g/day for
homegrown vegetables. They are derived from data in Pao, et
"al. (1982) and USDA (1980). EFH also provides data on
consumption of specific homegrown fruits and vegetables that
may be more appropriate for site-specific evaluations.
Although sampling data are much preferred, in their absence
plant uptake of certain organic .compounds can be estimated
using the procedure described in Briggs, et al. (1982). " No
particular procedure is recommended for guantitatively
assessing inorganic uptake at this time; however, the
following table developed by Sauerbeck (1988) provides a
qualitative guide for assessing heavy metal uptake into a
number of plants:



ake e etals

High Moderate Low Ve ow
lettuce onion corn beans
spinach mustard cauliflower peas
carrot potato asparagus melon
endive radish celery tomatoes
cress berries fruit
beet and

beet leaves

2.5 Subsistence Fishing

This pathway is not expected to be relevant for most sites.
In order to add subsistence fishing as a pathway of concern
among the residential scenarios, onsite contamination must
have impacted a water body large enough to produce a
consistent supply of edible fish, and there must be evidence
that area residents regularly fish in this water body (e.g.,
interviews with local anglers). If these criteria are met,
the 95th-percentile for daily fish consumption (132 g/day)
from Pao, et al. (1982) should be used to represent the
ingestion rate for subsistence fishermen. This value was
derived from a 3-day study of people who ate fish, other
than canned, dried, or raw. An example of this consumptzon
rate is about four 8-ounce servings per week.

This consumption rate can also be used to evaluate exposures
to non-residents who may also use the water body for
‘subsistence fishing. In this case, the exposure estimate
would not be added to estimates calculated for other
residential pathways, but may be included in the risk
assessment as an exposure pathway for a sensitive sub-
population.

For further information regarding food chain contamination the
assessor is directed to the following documents:

(e} Methodology for Assessing Health Risks Associated with
Indirect Exposures to Combustor Emissions (PB-90-
187055). Available through NTIS.

o Development of Risk Assessment Methodology for Land
Application and Distribution and Marketing of Municipal
Sludge (EPA/600/6-89/001). Available from
OHEA/Technical K Information at FTS 382-7326.

o Estimating Exposure to 2,3,7,8-TCDD - (EPA/600/6-
88/005A4). Available from OHEA/Technical Information at
FTS 382-7326.



3.0

COMMERCIAL/INDUSTRIAL

Occupatlonal scenarios should be evaluated when land use is (or
is expected to be) commercialllndustrlal In general, these
scenarios address a 70-kg adult who is at work 5 days a week for
50 weeks per year (250 days total). The individual is assumed to
work 25 years at the same location (95th‘percentile, Bureau of
Labor Statistics, 1990). This scenario also considers ingestion
of potable water, incidental 1ngestlon of soil and dust, and
inhalation of contaminated air.

Please note that under mixed=use zoning (e.g., apartments above
storefronts), certain pathways described for the residential
setting should also be evaluated.

3.1 JIngestion of Potable Water

Until data become available for this pathway, it will be
assumed that half of an individual’s daily water intake

(1 liter out of 2) occurs at work. All water ingested is
assumed to come from the contaminated drinking water source
(i.e., bottled water is not considered). For site-specific
cases where workers are known to consume considerably more
water (e.g., those who work outdoors in hot weather or in
other high-activity/stress environments), it may be
necessary to adjust this figure.

A lower ingestion rate is used in this pathway so that a
more reasonable exposure estimate may be made for workers
ingesting contaminated water. However, it is important to
remenber that remedial actions are often based on returning
the contaminated aguifer to maximum beneficial use; which
generally means achieving levels suitable for residential
use.

3.2 cidenta ngestion of Soil and Dust

In the occupational setting, incidental ingestion of soil
and dust is highly dependent on the type of work being
performed. Office workers would be expected to contact much
less soil and dust than someone engaged in outdoor work such
as construction or landscaping. Although no studies were
found that specifically measured the amount of soil ingested
by workers in the occupational setting, the one study that
measured adult soil ingestion included subjects that worked
outside of the home (Calabrese, et al., 1990a). Although
the study had a limited number of subjects (n=6) and did not
associate the findings with any particular activity pattern,
it is the only study that did not rely on modeling to
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4.0

estimate adult soil ingestion. Thus, the Calabrese, et al.
(1990a) estimate of 50 mg/day is selected as an interim
default for adult ingestion of soil and dust in the
“typical" workplace. Please be aware that this value may
change when the results of ongoing soil ingestion studies
sponsored by EPA‘s Exposure Assessment Group are finalized

in 1991.

Attachment B presents modeled rates for adult soil ingestion
that should be used to estimate exposures for certain
workplace activities where much greater soil contact is

-anticipated, but with limited exposure frequency and/or

duration.

3.3 Inhalation of Contaminated Air

As in the previous discussion regarding inhalation rates
for the residential setting, specific time-use/activity
level data were used to estimate inhalation rates for
varigus occupational activities. The results indicate that
20 m° per 8-hour workday represents a reasonable upper-
bound inhalation rate for the occupational setting (see
Attachment A). Although analytical data are much preferred,
procedures described in Hwang and Falco (1986) and Cowherd,
et al. (1985) can be used to estimate volatile and dust-
bound contaminant concentrations, respectively.

AGRICULTURAL

These land use scenarios include potential exposures for farm
families living and working on the site, as well as, individuals
who may only be employed as farm workers.

4.1 Farm Family Scenario

This scenario should be evaluated only if it is known or
suspected that there are farm families in the area. The
animal products pathway should not be used for areas zoned
residential, because such regulations generally prohibit the
Xeeping of livestock. Farm family members are assumed to
have most of the same characteristics as people in the
residential setting; the only difference is that consumption
of homegrown produce will alwavs be evaluated. Thus,
default values for the soil ingestion, drinking water, and
inhalation pathways would be the same as those in the
residential setting.
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4.1.1 Consumption of Homegrown Produce

The values used in evaluating this pathway are the same
as those presented in Section 2.4. While it is more
likely for farm families to cultivate fruits and
vegetables, it is not necessarily true that they would
be able to grow a sufficient variety to meet all their
dietary needs and tastes. Thus, the consumption rate
default values will be 42 g/day and 80 g/day for fruits
and vegetables, respectively. Again, EFH presents
consumption rates for gpecific homegrown fruits and
vegetables. The assessor is reminded that the plant
uptake pathway is not relevant for all contaminants and
sampling-of fruits and vegetables is highly
recommended. However, in the absence of analytical
data, plant uptake of organic chemicals can be
estimated using the procedure described in Briggs, et
al. (1982). No particular procedure is recommended for
quantitatively assessing inorganic uptake at this time;
however, the table (presented in Section 2.4) developed
by Sauerbeck (1988) provides a gualitative guide for
assessing heavy metal uptake into a number of plants.

4.1.2 Consumption of Animal Products

Animal products should only be addressed if it is known
that local residents produce them for home consumption
or are expected to do so in the future. The best way
to determine which items are produced is by interviews
or consultation with the local County Extension Service
which usually has data on the type and quantity of
local farm products.

EFH provides average ingestion rates for beef and dairy
products and assumes that the farm family produces

75 percent of what it consumes fronm these categories.
This corresponds to a '"reasonable worst case"
consumption rate of 75 g/day for beef and 300 g/day for
dairy products. Although sampling data are much
preferred, in their absence the procedure described in
Travis and Arms .(1988) may be used to estimate organic
contaminant concentrations in beef and milk. This
procedure does not provide transfer coefficients for
poultry and eggs. Thus, the latter two pathways can be
evaluated only if site-specific concentrations for
poultry and eggs are available, or if transfer
coefficients can be obtained from the literature.

dditional references addressing potential exposures from
contaminated foods are listed in Section 2.0.
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5.0

4.2 Farm Worker

Many farm activities, such as plowing and harrowing, can
generate a great deal of dust. The risk assessor should
consider the effects of observed (or expected) agricultural
practices when using the fugitive dust model suggested under
the residential scenario. Note that soil ingestion rate may
be similar to the outdoor yardwork scenario discussed in
Attachment B, although it will be necessary to modify the
exposure frequency and duration to account for climate and
length of employment. The local County Extension Service
should be able to provide information on agricultural
practices around a site. In addition, the Biological and
Economic Analysis Division in the Office of Pesticide
Programs maintains a database of the usual planting and
harvesting dates for a number of crops in most U.S. states.
This information may be very helpful for estimating times of
peak exposure for farm workers, and, if needed, can be
obtained through the Superfund Health Risk Assessment
Technical Support Center (FTS 684-7300).

RECREATIONAL

As stated previously, sites present different opportunities for
recreational activities. The RPM or risk assessor is encouraged
to consult with the local community to determine whether there is
or could be recreational use of the property along with the
likely frequency and duration of any activities.

5.1 Consumption of lLocally Caught Fish

This pathtay should be evaluated when there is access to a
contaminated water body large enough to produce a consistent
supply of edible-sized fish over the anticipated exposure
period. Although the local authorities should know if the
water body is used for fishing, illegal access (trespassing)
and deliberate disregard of fishing bans should not
necessarily be ruled out; the risk assessor should check for
evidence of these activities. If required, the scenario can
be modified to account for fishing season, type of edible
fish available, consumption habits, etc.

For recreational fishing, the average consumption rate of
54 g/day from Pao, et al. (1982) is used. This value is
derived from a 3~day study of people who ate finfish, other
than canned, dried or raw. An example of this consumption
rate is about two 8-ounce servings per week. Other values
presented in EFH, for consumption of recreationally caught
fish, are from limited studies of fishermen on the west
coast ' and may not be applicable to catches in other areas.
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When evaluating this pathway please consider the possibility
of subsistence fishing. Unlike the residential scenaric,
exposure estimates from this pathway would not necessarily
be added to any other exposure: estimates (see Section 2.5).
Instead, it would be included as an estimate of exposure for
a sensitive sub-population.

5.2 Additional Recreational Scenarios

A number of commentors requested standard default values for
the following recreational -scenarios: hunting, dirtbiking,
swimming and wading.. One approach to address exposure
during swimming and wading is presented in HHEM Part A. The
Agency is currently involved in research projects designed
to estimate dermal uptake of contaminants from soil, weier
and sediment. Results of these studies will be used to
update the swimming and wading scenarios as well as other
scenarios that rely on estimates of dermal absorption.
Unfortunately, lack of data and problems in estimating
exposure frequencies and durations based on regional
variations in climate have precluded the standardization of
other recreational scenarios at this time. Additional
guidance will be developed as data become available.
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6.0 BUMMARY

This supplemental guidance has been developed to provide a
standard set of default values for use in exposure assessments
when site-specific data are lacking. These standard facters are
intended to be used for calculating reasonable maximum exposure
(RME) levels for each applicable land use scenario at a site.

Supporting data for many of the assumptions can be found in the
Exposure Factors Handbook (EFH; U.S. EPA, 1990). When supporting
information was not available in EFH, well-quantified or widely-
accepted data from the open literature were adopted. Finally,
for factors where there is a great deal of uncertainty, a
rationally conservative estimate was developed and explained.

As new data become available, either for the factors themsclives
or for calculating RME, this guidance will »e modified
accordingly.

The following table summarizes the exposure pathways that will be
evaluated on a routine basis for each land use, and the current
default values for each exposure parameter in the standard intake

equation presented below (refer to HHEM: Part A, U.S. EPA, 1989a,
for a more detailed discussion of each exposure parameter):

Intake = C x IR x EF x ED
BW x AT

C = Concentration of the chemical in each medium
IR = Intake/Contact Rate

EF = Exposure Freguency

ED = Exposure Duration

BW = Body Weight

AT = Averaging Time
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SUMMARY OF STANDARD DEFAULT EXPOSURE FACTORS (1)

Dallx Exposure Exposure

Land Use Exposure Pathway (2) Intake Rate Frequency Duration Body Welight

Resident{al TTTTT TTTTTTTTTTRTTTT mmmmmmmmTomTTeT
Ingestlon of
Potable Water 2 liters 350 days/year 30 years 70 kg
Ingestion of 200 mg (child 350 days/year 6 years 15 k hild
Soil and Dust 100 mg ’adult yely 24 ¥ears 70 kg igdult
Inhalation of 20 cu.m {total) 350 days/year 30 years 70 kg
Contaminants 15 cu.m (indoor)

Commercial/

Industrial

’ Ingestion of

Potable Water 1 liter 250 days/year 25 years 70 kg
Ingestion of
Soil and Dust S0 mg 250 days/year 25 years 70 kg
Inhalation of
Contaminants 20 cu.m/workday 250 days/year 25 years 70 kg

Agricultural ;
Ingestlon of
Potable Water 2 liters 150 days/year 30 years 70 kg
Ingestion of 200 mg (child 350 daya/year 6 years 15 kg (child
Soil and Dust 100 mg 1adu1t 24 years 70 kg (adult
Inhalation of 20 cu.m (total) 350 days/year 30 years 70 kg
Contaminants, 15 cu.m (indoor).
cOnéumptlon of .
Homegrown 42 g ifrult) 350 days/year 30 years 70 kg
Produce 80 g (veg.)

Recreational
Consumpticn of
Locally Caught
Fish 54 g 350 days/year 30 years 70 kg

(1) - Factors presented are those that should generally be used to assess

exposures assoclated with a designated land use.
from thegse values; however, use of alternate values shou
in the risk assessment report.

slte—aYecltic data may warrant deviation
d be justified and documented

(2) - Listed gathways ma
to be evaluated due. to site conditions. Add

not be relevant for all sites and, other exEosure pathways
may nee . { h
va{ues are provided in the text of this guidance.

tional pathways and apglicable default
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ATTACHMENT A
ACTIVITY SPECIFIC INHALATION RATES

Background

The standard default value of 20 m3/day has been used by EPA . to
represent an-average daily inhalation rate for adults. According
to EFH, this value was developed by the International Commission
on Radiologic Protection (ICRP) to represent a daily inhalation
rate for "reference man" engaged in 16 hours of "light activity"
and 8 hours of "rest". EPA (1985) reported on a similar study
that indicated the average inhalation rate ;or a man engaged in
the same activities would be closer to 13 m~“/day. EFH, in turn,
reiterated the findings of ICRP and EPA (1985) then calculated a
“reasonable worst case" inhalation rate of 30 m“/day. This
reasocnable worst case value was used in Part A of the Human
Health Evaluation Manual as the RME inhalation rate for
residential exposures.

Commentors from both inside and outside the Agency expressed
concerns that this value may be too conservative. Many also
‘added their concern that exposure values calculated using this
inhalation rate would not be comparable to reference doses (RfD)
and cancer potency factors (gl*) values based on an inhalation
rate of 20 m3/day. Thus, the Toxics Integration Branch of
Superfund (TIB) conducted g review of the literature to determine
the validity of using 30 m"/day as the RME inhalation rate for
adults. Members of EPA’s Environmental Criteria Assessment
Office-Research Triangle Park (A. Jarabek, 9/20/90) and the
Science Advisory Board (10/26/90) have suggested that inhalation
rates could be calculated using time-use/activity level data
reported in the "Developnent of Statistical Distributions or
Ranges of Standard Factors Used in Exposure Assessments" (OHEA;
U.S. EPA, 1985). Thus, TIB used this data to calculate an RME
inhalation rate for both the residential and occupational
settings, as follows.

Methodology

o The time-use/activity level' data reported by OHEA
(1985) were analyzed for eac:. occupation subgroup;

o The data were divided into hours spent at home vs.
hours spent at the workplace (lunch hours spent outside
of work and hours spent in transit were excluded);

(o] The hourly data were subdivided into hours spent
indoors vs. outdoors (to allow for estimating exposures
to‘'volatile contaminants during indoor use of potable
wvater);



ATTACHMENT B

-ESTIMATING ADULT SOIL INGESTION
IN THE COMMERCIAL/INDUSTRIAL SETTING

Most of the available soil ingestion studies focus on children in
the residential setting; however, two studies were found that
address adult soil ingestion that also have application to the
commercial/industrial setting (Hawley, 1985; Calabrese, et al.
1990).

Hawley (1985) used a number of assumptions for contact rates and
body surface area to estimate the amount of soil and dust adults
may ingest during a variety of residential activities. For
indoor exposures, Hawley estimated levels based on contact with
soil/dust in two different household areas, as follows:

0.5 mg/day for daily exposure in the "living space"; and 110
mg/day for cleaning dusty areas 'such as attics or basements. For
outdoor exposures, Hawley estimated a soil ingestion rate during
yardwork of 480 mg/day. The assumptions used to model exposures
in the residential setting may also be applied to similar
situations in the workplace. The amount of soil and dust adults
contact in their houses may be similar to the amount an cffice or
indoor maintenance worker would be expected to contact.

Likewise, the amount of soil contacted by someone engaged in
construction or 1andscap1ng may be more analogous to a resident
doing outdoor yardwork.

Calabrese, et al. (1990) conducted a pilot study that measured
adult soil ingestion at 50 mg/day. Although the study has
several drawbacks (e.g., & limited number of part1c1pants and no
informatior on the participants daily work act1v1t1es), 1’
included subjects that worked outside the home. It is aiso
interesting to note that this measured value falls within the
range Hawley (1985) estimated for adult soil ingestion durlng
indoor activities.

From these studies, 50 mg/day was chosen as the standard default
value for adult soil ingestion in the workplace. It was chosen
primarily because it is a measured value but also because it
falls within the range of modeled values representing two widely
different indoor exposure scenarios. - The 50 mg/day value is to
be used in conjunction with an exposure frequency of.- 250
days/year and an exposure duration of 25 years. For certain
outdoor activities in the commercial/industrial setting (e.g.
construction or landscaping), a soil 1ngestlon rate of 480 mg/day
may be used; however, this type of work is usually short-term and
is often d1ctated by the weather. Thus, exposure freguency would
generally be less than one year and exposure duration would vary
according to site-specific construction/maintenance plans.



(o] The corresponding activity level was assigned to czch
hour and the total number of hours spent at each
activity level was calculated;

o For time spent inside the home, 8 hours per day wvere
assumed to be spent at rest; and

° The total number of hours spent at each activity level
was multiplied by average inhalation rates reported in
the EFH. Note: average values were used since on.iy
minimum, maximum and average values were reported. The
use of maximum values would have to be considered
"worst case". Values for average adults were applied
to all but the housewife data (where average rates for
women were applied).

The regults showed. that the highest weekly inhalgtion rate was
18.3 m~/day for the residential setting and 18 m”/day for the
workplace. These values represent the highest among the weekly
averages and were derived from coupling "worst case" activity
patterns with "“average" agult inhalation rates. It was concluded
from these data that 30 m"/day may in fact be too conservative
and that 20 m3 /day would be more representative of a reasonably
conservative inhalation rate for total (i.e., indoor plus
outdoor) exposures at home and in the workplace.

RAGS Part B will specifically model exposure to volatile .organics
via indoor use of potable water. Using_the method described ‘
previously, it was determined that 15 ms/day would represent a
reasonably conservative inhalation rate for indoor residential
exposures.
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PTRODUCTION

This screening-leve! risk assessment is for a hazardous waste site. This analysis
characterizes risks due to ingesting fish which have radioactive and nonradioactive
contaminants and are taken from locations along the Savannah River near the Savannah
River Site (SRS), which is located near Aiken, South Carolina. The potential human heaith
effects of the radioactive contaminants in these fish are analyzed in Part |; the
nonradioactive contaminants in Part II; and their combined effects in Part Ill. Part IV
presents the overall risk characterization for this risk screening.

The risk characterization, Part IV, clearly highlights both the confidence and the
uncertainty associated with this screening-level risk assessment. This risk characterization
conveys the assessor’s judgment as to the nature and existence of both human and
ecological risks. However, even though there is a limited discussion of the ecological
considerations of chemical releases from this site in Part IV, the primary site-specific focus
of this analysis is potential human health risks.

RESULTS IN BRIEF

This section provides an executive summary of overall risks derived in this analysis. Individual risk (including both
central tendency and high end] are presented, along with population risk. Important subgroups, such as highly
exposed or highly susceptible, are identified. Refer to Part IV, the risk characterization section, for more detailed
information from several types of exposure scenarios and the use of multiple risk descriptors (e.g., central

endency, high end of individual risk, population risk, important subgroups, if known) consistent with terminology
i the Agency’s Guidance on Risk Characterization, Agency Risk Assessment Guidelines {RAGs) and program-
specific guidance.

Hazard Indexes (HIs) for deleterious non-cancer systemic effects during a lifetime obtained
by ingesting fish which are contaminated with selected nonradioactive contaminants and
are taken from various locations along the Savannah River near the Savannah River Site
(SRS)

Four nonradioactive contaminants were analyzed. None of the doses of these four
contaminants exceeded their respective reference doses (RfDs) and are therefore not likely
to be associated with any systemic health risks. Of the four nonradioactive contaminants
studied, mercury had the highest hazard index (0.62). However, RfDs for b-BHC and DDE
are not available at this time, and any hazard for these contaminants presently cannot be
estimated. Consequently, the overall hazard for deleterious non-cancer systemic effects
during a lifetime obtained by ingesting fish which are contaminated with these two
pollutants is unknown.

Summary of Part | Results
Estimated lifetime excess total cancer risk for a resident ingesting fish which are

contaminated with selected radioactive contaminants and are taken from various locations
along the Savannah River near the Savannah River Site (SRS)



Estimated risks for rural resident with RME to Strontium-90 {SR-90}, Cesium-137 (CS-
137), Tritium {H-3), and Gross Alpha (@)

L The estimated lifetime excess total cancer risk for a Reasonably Maximally
Exposed (RME) rural resident ingesting Savannah River fish taken from the
Vogtle Electric Generating Plant Discharge (VEGPD) (which is close to Four
Mile Creek), the mouth of Four Mile Creek, the mouth of Steel Creek, and
the mouth of Lower Three Runs Creek (radioactive combined) is 5.46E-5

ee In short, with arithmetic rounding, this risk from SR-90, CS-
137, H-3, and @ combined for a RME rural resident should be
considered to be a "1.00E4" risk

L1 Stated in other terms, this is roughly equivalent to one extra
case of cancer in every 10,000 individuals with maximum

exposure to SR-90, C$-137, H-3, and a

Estimated risks for rural residents with average exposure to SR-90 and CS-137, H-3, and
a

° The upper bound estimate of lifetime excess total cancer risk due to SR-90,
CS-137, H-3, and a combined for an average rural resident ingesting

Savannah River fish taken from various locations along the Savannah River
near the Savannah River Site (SRS) (radioactive combined) is 8.40E-6.

L X In short, with arithmetic rounding. the upper bound estimate of
this risk from SR-90, CS-137, H-3, and @ combined for an

average rural resident should be considered to be a *1.00E-5"
risk

o0 Stated in other terms, this is roughly equivalent to one extra
case of cancer in every 100,000 individuals with average
exposure to SR-80, CS-137,H-3, and a

e The lower bound estimate of lifetime excess total cancer risk due to SR-90,
CS-137. H-3, and a combined for an average rural resident ingesting
Savannah River fish taken from various locations along the Savannah River
near the Savannah River Site {SRS) (radicactive combined) is 3.98E-6.

®® In short, with arithmetic rounding. the lower bound estimate of
this risk from SR-90, CS-137, H-3, and @ combined for an

average rural resident should be considered to be a "1.00E-6"
risk



o0 Stated in other terms, this is roughly equivalent to one extra
case of cancer in every 1,000,000 individuals with average

exposure to SR-90, CS-137, H-3,and 0

Summary of Part Il results

Estimated lifetime excess total cancer risk for a resident ingesting fish which are
contaminated with selected nonradioactive contarninants and are taken from various
locations along the Savannah River near the Savannah River Site (SRS)

Estimated risks for rural resident with RME to As, b-BHC, and DDE

L The estimated lifetime excess total cancer risk due to As, b-BHC, and DDE
(nonradioactive combined) for a Reasonably Maximally Exposed (RME) rural
resident ingesting Savannah River fish taken from various locations along the
Savannah River near the Savannah River Site (SRS) is 1.06E-5

o0 In short, with arithmetic rounding, this risk from As, b-BHC,
and DDE combined for a RME rural resident should be
considered to have a "1.00E-5" risk

oo Stated in other terms, this is roughly equivalent to one extra
case of cancer in every 100,000 individuals with maximum
exposure to As, b-BHC, and DDE

Estimated risks for rural resident with average exposure to As, b-BHC, and DDE

° The upper bound estimate of lifetime excess total cancer risk due to As, b-
BHC, and DDE (nonradioactive combined) for an average rural resident
ingesting Savannah River fish taken from various locations along the
Savannah River near the Savannah River Site (SRS) is 6.19E-6

o0 In short, with arithmetic rounding, the upper bound estimate of
this risk from As, b-BHC, and DDE combined for an average
rural resident should be considered to have a "1.00E-5" risk

®e®  Stated in other terms, this is roughly equivalent to one extra
case of cancer in every 100,000 individuals with average
exposure to As, b-BHC, and DDE

The lower bound estimate of lifetime excess total cancer risk due to As, b-
BHC, and DDE (nonradioactive combined) for an average rural resident
ingesting Savannah River fish taken from various locations along the
Savannah River near the Savannah River Site (SRS) is 2.78E-6



In short, with arithmetic rounding, the lower bound estimate of
this risk from As, b-BHC, and DDE combined for an average
rural resident should be considered to have a "1.00E-6" risk

Stated in other terms, this is roughly equivalent to one extra

case of cancer in every 1,000,000 individuals with average
exposure to As, b-BHC, and DDE

Summary of Part Il Results

Estimated lifetime excess total cancer risk for a resident ingesting fish which are
contaminated with selected radioactive and nonradioactive contaminants and are taken
from various Jocations along the Savannah River near the Savannah River Site (SRS)

Estimated risks for rural resident with RME to radioactive and nonradioactive contaminants

The estimated lifetime excess total cancer risk due to radioactive and
nonradioactive contaminants combined for a Reasonably Maximally Exposed

(RME) rural resident ingesting Savannah River fish taken from these locations
is 6.52E-5

In short, with arithmetic rounding, this risk from both
radioactive and nonradioactive contaminants for a RME rural
resident should be considered to be a "1.00E4" risk

Stated in other terms, this is roughly equivalent to one extra
case of cancer in every 10,000 individuals with maximum
exposure to both radioactive and nonradioactive contaminants

Estimated risks for rural resident with aveiade exposure to radioactive and nonradioactive

contaminants

The upper bound estimate of lifetime excess total cancer risk due to
radioactive and nonradioactive contaminants combined for an average rural
resident ingesting Savannah River fish taken from various locations along the
Savannah River near the Savannah River Site (SRS) is 1.46E-5

In short, with arithmetic rounding, this risk from radioactive
and nonradioactive contaminants combined for an average
rural resident should be considered to be a "1.00E-5" risk

Stated in other terms, this is roughly equivalent to one extra
case of cancer in every 100,000 individuals with average
exposure to radioactive and nonradioactive contaminants

The lower bound estimate of lifetime excess total cancer risk due to
radioactive and nonradioactive contaminants combined for an average rural



resident ingesting Savannah River fish taken from various locations along the
Savannah River near the Savannah River Site (SRS) is 6.76E-6

oo In short, with arithmetic rounding, this risk from radioactive
and nonradioactive contaminants combined for an average
rural resident should be considered to be a "1.00E-5" risk

ee  Stated in other terms, this is roughly equivalent to one extra
case of cancer in every 100,000 individuals with average
exposure to radioactive and nonradioactive contaminants

An executive summary of overall risks derived in this analysis is shown in Tables 1. and 2.
which follow: '



Table 1.

Summary Table Of Hazard Indexes (Hls) For Deleterious Non-Cancer Systemic Effects
During a Lifetime Obtained by Ingesting Fish Which Are Contaminated With Selected

Nonradioactive Contaminants And Taken From Various Locations Along the Savannah
River Near the Savannah River Site (SRS)

If this number is = or > "1", this indicates that the RfD has been exceeded. Usually,

H! = Human Dose / RfD

doses less than the RfD are not likely to be associated with any systemic heaslth risks and
are therefore less likely to be of regulatory concern. However, as the frequency of
exposure exceeding the RfD increases, and as the size of the excess increases, the
probability increases that adverse effects may be observed in a human population.

Note: The maximum (19 kg/yr] fish consumption rate was used to obtain these upper

estimates; the minimum (9 kg/yr] consumption rate was used elsewhere in this risk
screening to obtain lower estimates as well.

— ———

Contaminant Consumption Scenario Hi

of Concern

Arsenic Reasonably Maximally Exposed (RME) 0.12
Maximum Estimate of Average Exposure 0.05

Mercury Reasonably Maximally Exposed (RME) | 0.62
Maximum Estimate of Average Exposure 0.30

Selenium Reasonably Maximally Exposed (RME) 0.06
Maximum Estimate of Average Exposure 0.03

Zinc Reasonably Maximally Exposed (RME) 0.03
Maximum Estimate of Average Exposure 0.02

b-BHC Can Not Be Estimated Because a Reference Dose (RfD) Is | Unknown
Not Available At This Time

DDE Can Not Be Estimated Because a Reference Dose (RfD) Is | Unknown

Not Available At This Time




Table 2.

Summary Table of Estimated Lifetime Excess Cancer Risk For a Resident
Ingesting Fish Which Are Contaminated With Selected Radioactive and
Nonradioactive Contaminants And Are Taken From Various Locations
Along the Savannah River Near the Savannah River Site (SRS)

Note: The maximum (19 kg/yr) fish consumption rate was used to obtain
these upper estimates; the minimum (9 kg/yr] consumption rate was used
elsewhere in this risk screening to obtain lower estimates as well.

Consumption Radioactive | Nonradioactive | Radioactive and
Scenario Nonradioactive
Combined
Reasonably Maximally | 5.46E-5 1.06E-5 1.30E-4
Exposed (RME)
Maximum Estimate of | 8.40E-6 6.19E-6 1.46E-5
Average Exposure
Minimum Estimate of | 3.98E-6 2.78E-6 6.76E-6

Average Exposure




POTENTIAL HUMAN HEALTH EFFECTS OF INGESTING FISH WHICH ARE
TAKEN FROM LOCATIONS NEAR THE SAVANNAH RIVER SITE (SRS)

PART L. RISK SCREENING ESTIMATES OF POTENTIAL HUMAN
HEALTH EFFECTS DUE TO INGESTING FISH WHICH HAVE
RADIOACTIVE CONTAMINANTS AND ARE TAKEN FROM
LOCATIONS NEAR THE SAVANNAH RIVER SITE (SRS)

PART H. RISK SCREENING ESTIMATES OF POTENTIAL HUMAN
HEALTH EFFECTS DUE TO INGESTING FISH WHICH HAVE
NONRADIOACTIVE CONTAMINANTS AND ARE TAKEN FROM
LOCATIONS NEAR THE SAVANNAH RIVER SITE (SRS)

PART Il RISK SCREENING ESTIMATES OF POTENTIAL HUMAN
HEALTH EFFECTS DUE TO INGESTING FISH WHICH HAVE
COMBINED RADIOACTIVE AND NONRADIOACTIVE
CONTAMINANTS AND ARE TAKEN FROM LOCATIONS NEAR
THE SAVANNAH RIVER SITE (SRS)

PART IV. OVERALL RISK CHARACTERIZATION OF POTENTIAL HUMAN
HEALTH EFFECTS DUE TO INGESTING FISH WHICH HAVE
COMBINED RADIOACTIVE AND NONRADIOACTIVE
CONTAMINANTS AND ARE TAKEN FROM LOCATIONS NEAR
THE SAVANNAH RIVER SITE (SRS)



PART 1.

RISK SCREENING ESTIMATES OF POTENTIAL HUMAN HEALTH EFFECTS

DUE TO INGESTING FiSH WHICH HAVE RADIOACTIVE
CONTAMINANTS AND ARE TAKEN FROM LOCATIONS NEAR THE
SAVANNAH RIVER SITE (SRS)



Key to Radioactive Risk Screening Tables

Table

Number

Tide

e ______|
e S

Summary Table Of Estimated Lifetime Excess Cancer Risk For a Resident
Ingesting Fish Which Are Contaminated With Selected Radioactive
Contaminants And Are Taken From Various Locations Along the Savannah
River Near the Savannah River Site (SRS)

Mean Levels of Selected Radioactive Contaminants in Edible Portions of Fish
From Various Locations Along the Savannah River Near the Savannah River
Site (SRS)

Mean Annual Dose Of Radioactivity From Selected Radioactive
Contaminants Per kg Of Fish Obtained By Ingesting Fish Taken From
Various Locations Along the Savannah River Near the Savannah River Site
(SRS)

Summary Table Of Unit Risk Factors {q,*s) for Oral Exposure To Selected
Radioactive Contaminants Found In Fish Taken From Various Locations
Along the Savannah River Near the Savannah River Site (SRS)

Estimated Lifetime Excess Total Cancer Risk From Selected Radioactive
Contaminants to a Resident Obtained By Ingesting Fish Taken From Various
Locations Along the Savannah River Near the Savannah River Site (SRS)

6-1

Mean Annual Dose Of Radioactivity Per kg Of Fish From Selected
Radioactive Contaminants Obtained by Ingesting Fish Taken From the
Vogtle Hectric Generating Plant Discharge (VEGPD) Near the Savannah
River Site (SRS)

6-2

Mean Annual Dose Of Radioactivity Per kg of Fish From Selected
Radioactive Contaminants Obtained by Ingesting Fish Taken From the
Mouth Of Four Mile Creek Near the Savannah River Site (SRS)

6-3

Mean Annual Dose Of Radioactivity Per kg Of Fish From Selected
Radioactive Contaminants Obtained by Ingesting Fish Taken From the
Mouth of Steel Creek Near the Savannah River Site (SRS)

6-4

Mean Annual Dose Of Radioactivity Per kg Of Fish From Selected
Radioactive Contaminants Obtained by Ingesting Fish Taken From the
Mouth of Lower Three Runs Creek Near the Savannah River Site (SRS)

71

Estimated Lifetime Excess Total Cancer Risk For a Reasonably Maximally
Exposed (RME) Resident Ingesting Savannah River Fish Which Have
Selected Radioactive Contaminants And Are Taken From the Vogtle Electric
Generating Plant Discharge (VEGPD) Near the Savannah River Site (SRS)

7-2

Estimated Lifetime Excess Total Cancer Risk for a Reasonably Maximally
Exposed (RME) Resident Ingesting Savannah River Fish Which Have
Selected Radioactive Contaminants And Are Taken From the Mouth Of Four
Mile Creek Near the Savannah River Site {SRS)




7-3 Estimated Lifetime Excess Total Cancer Risk For a Reasonably Maximally
Exposed (RME) Resident Ingesting Savannah River Fish Which Have
Selected Radioactive Contaminants And Are Taken From the Mouth of Steel
Creek Near the Savannah River Site (SRS)

74 Estimated Lifetime Excess Total Cancer Risk For a Reasonably Maximally

Exposed {RME) Resident Ingesting Savannah River Fish Which Have
Selected Radioactive Contaminants And Are Taken From the Mouth of
Lower Three Runs Creek Near the Savannah River Site {(SRS)




Table 1.

Summary Table Of Estimated Lifetime Excess Cancer Risk For a Resident Ingesting Fish
Which Are Contaminated With Selected Radioactive Contaminants And Are Taken
From Various Locations Along the Savannah River Near the Savannah River Site (SRS)

Note: The maximum (19 kg/yr) fish consumption rate was used to obtsin these upper

estimates; the minimum (9 kg/yr) consumption rate was used elsewhere in this risk

screening to obtsin lower estimates as woll,

Consumas Fish
From Specific Hot
Zones at the
Mouths of Streams
Leaving SRS

Consumption a Hot Zone SR-90 H-3 CS-137 Radioactive
Scenario Hot Zone Hot Zone Hot Zone Hot Zones
{STN 360) Combined
(STN 365) | (STN 410) | (STN 440)
Resident
Consumes Resident Resident Resident Resident
Fish From Consumes Consumes Consumes Consumes Fish
Vogtle Electric | Fish From Fish From Fish From From VEGPD,
Generating Mouth Of Mouth Of Mouth Of Four Mile
Plant Four Mile Steel Creek Lower Three Creek, Steel
Discharge Creck Runs Creek Creek, and
(VEGPD) Lower Three
Runs Creek
Here SR-90, CS- Heore SR-90, CS- X Hera Resident
137, H:3, and g ol 13{ H-3, and aan | Hor° SR90. CS :';'; f:_‘a”' :s’ o | consumes Fieh With
aro prosont. but [a) | 4rq prosont, but 137, H':’;":: L are ;’""“Mh: the Highest
s . are present, "
 Plahost I5R90)in higheet | 1L et [CS1370 ks Higheet | corooinn of
H3, and & togethor
Reasonably
Maximally 453E5 | 1.18E4 | 4.64E5 1.055 | 5_46E-5
Exposed '
{(RME)
Resident




Maximum

Estimate of
. Average
Exposure

Resident
Consumes Fish
From Various
Locations Along
the Savannah River
Near SRS

{Assumes Higher Annual
Consumption Rate)

7.39E-6

1.09E-5

9.84E-8

1.52E-5

8.40E-6

Minimum
Estimate of
Average
Exposure

Resident
Consumes Fish
From Various
Locations Along
the Savannah River
Near SRS

{Assumes l ower Annual
Consumption Rate)

3.50E-6

5.18E-6

4.66E-8

7.20E-6

3.98E-6




Table 2.

Mean Levels Of Selected Radioactive Contaminants In Edible Portions of Fish From Various Locations Along the Savannah
River Near the Savannah River Site (SRS)

Note: Lab results (i.e. dry) were converted to fresh (i.e. wet) concentrations in this risk screening: the dry concentration results were
multiplied by 0.3, which approximates the typical dry/wet (D/V/] ratios observed in these samples (which were 0.3+/-0.1)

Sampling CS-137 SR-90 H-3 a
Station
N(‘;';;';' {picoCuries | (picoCuries || (picoCuries | (picoCuries || {picoCuries | (picoCuries || (picoCuries | (picoCuries
per dry per wet per dry ~ per wet per dry per wet per dry per wet
kilogram) kilogram) kilogram) kilogram) kilogram) kilogram) kilogram) kilogram)
3320 667.14 200.14 543.33 163.00 1,128.57 338.57 305.00 91.50
335 394.33 118.30 -e- 166.67 50.00 - --
350 2,078.75 623.63 5,295.00 1588.5 5,612.50 1.683.75 185.00 55.50
355 116.67 35.00 -~ —en - --- ---
360 386.67 116.00 475.00 142.50 916.67 275.00 504.29 151.29
wiieh I atone
to the Mouth
of Four Mie
Croak)
365 2,154.55 646.37 8,642.86 2,5692.86 28,411.11 8,623.33 296.67 89.00
Fom Mo |
Croak)
375 620.00 186.00 - - 2,000.00 600.00 425.00 127.50
410 2,560.00 768.00 273.33 82.00 31,138.46 9,341.54 345.00 103.50
tos Crosd
420 970.00 291.00 1,733.33 520.00 - -




":Mho ' 2,851.42 855.43 --- --- 1,771.43 531.43 300.00 90.00
outh of
e oros
460 213.33 64.00 --- --- 1,5675.00 472.50 165.00 49.50
530 186.67 56.00 --- -- 1.800.00 540.00 215.00 64.50
540 138.29 41.49 30.00 9.00 2,216.67 665.00 ne- ---
Overall 1,025.99 307.80 1,173.81 352.14 6036.19 1810.86 210.84 63.25

Arithmaetic
Means




Table 3.

Mean Annual Dose of Radioactivity From Selected Radioactive Contaminants Per kg of Fish Obtained by
Ingesting Fish Taken from Various Locations Along the Savannah River Near the Savannah River Site (SRS)

Consumption Scenario CS-137 SR-90 H-3 a
Minimum Estimate 307.80 pCi/kg 352.14 pCi/kg 1.810.86 pCilkg 63.25 pCi/kg
of Average Exposure X 9 kglyr = X 9 kglyr = X 9 kglyr = X 9 kglyr =

(Assumes Lower
Annual Consumption Rate)

2,770.20 pCil/yr

3,169.26 pCilyr

16.297.74 pCilyr

569.25 pCilyr

Maximum Estimate
of Average Exposure

(Assumes Higher
Annual Consumption Rate)

307.80 pCi/kg
X 19 kg/yr =

5.848.20 pCilyr

'} 352.14 pCi/kg

X 19 kglyr =

6.690.66 pCilyr

1,.810.86
X 19 kglyr =

34.,406.34 pCilyr

63.25 pCil/yr

1 X 19 pCilyr =

1,201.75 pCilyr




Table 4.

Summary Table Of Unit Risk Factors (q,*s) for Oral Exposure To Selected Radioactive
Contaminants Found In Fish Taken From Various Locations Along the Savannah River
Near the Savannah River Site (SRS)

Contaminant of Concern CS-137 SR-90 H-3 a
q,* (mg/kg-d)* 3.16E-11 4.09E-11 7.15E-14 3.16E-10
{Risk/pCi) {Risk/pCi) {Risk/pCi) {Risk/pCi)




Table 5.

Estimated Lifetime Excess Total Cancer Risk From Selected Radioactive Contaminants to a
Resident Obtained By Ingesting Fish Taken From Various Locations
Along the Savannah River Near the Savannah River Site (SRS)

Note: The standard consumption period used in this risk screening is that usually used for rural residents (40
yr); the standard consumption periad for an urban resident would be less (30 yr)

)
Consumption CS-137 SR-90 H-3 a Radioactive
Scenario Combined
Minimum Estimate 2,770.20 3,169.26 16,297.74 | 569.25
of Average Exposure | pCilyr pCilyr pCilyr pCilyr X
X 40 yrs X 40 yrs X 40 yrs 40 yrs X
(Assumes Lower Annual X 3.16E-11 X 4.09E-11 X 7.15E-14 | 3.16E-10
Consumption Rate) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi)
= 3.50E-6 = 5.18E-6 = 4.66E-8 = 7.20E-6 3.98E-6
Maximum Estimate 5,848.20 6,690.66 34,406.34 | 1,201.75
of Average Exposure | pCi/yr pCil/yr pCi/lyr X 40 | pCifyr X
X 40 yrs X 40 yrs yrs X 40 yrs X
{Assumes Higher Annusl | X 3.16E-11 X 4.09E-11 7.15E-14 3.16E-10
Consumption Rate) (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi)
= 7.39E-6 = 1.09E-5 = 9.84E-8 | = 1.52E-5 8.40E-6




Table 6-1.

Mean Annual Dose Of Radioactivity Per kg Of Fish From Selected Radioactive Contaminants
Obtained by Ingesting Fish Taken From the Vogtle Electric Generating Plant Discharge (VEGPD)
Near the Savannah River Site (SRS)

(STN 360)

Consumption
Scenario

CS$-137

SR-90

H-3

a

Minimum Estimate
of Average Exposure

(Assumes Lower
Annual Consumption Rate}

116.00 pCi/kg
X 9 kglyr =

1,044.00 pCi/yr

142.50 pCilkg
X 9 kglyr =

1,282.50 pCilyr

275.00 pCi/kg
X 9kglyr =

2,475.00 pCi/yr

151.29 pCi/kg X
9kglyr =

1.361.61 pCilyr

Maximum Estimate
of Average Exposure

{Assumes Higher
Annual Consumption Rate)

116.00 pCi/kg
X 19 kg/yr =

2204.00 pCi/yr

142.50 pCi/kg
X 19 kglyr =

2,707.50 pCilyr

275.00 pCi/kg
X 19 kglyr =

5,225.00 pCilyr

151.29 pCi/kg
X 19 kglyr =

2,874.51 pCilyr




Table 6-2.

Mean Annual Dose Of Radioactivity Per kg Of Fish Fram Selected Radioactive Contaminants Obtained
by Ingesting Fish Taken From the Mauth of Four Mile Creek Near the Savannah River Site (SRS)

{STN 365)
Consumption CS-137 SR-90 H-3 a
Scenario
Minimum Estimate | 646.37 pCi/kg 2,592.86 pCi/kg 8.523.33 pCi/kg 89.00 pCi/kg
of Average X 9 kglyr = X 9 kgfyr = X 9 kglyr = X 9 kglyr =
Exposure

{Assumes Lower Annual
Consumption Rate)

5,817.33 pCilyr

23,335.74 pCifyr

76,709.97 pCi/yr

801.00 pCilyr

Maximum Estimate
of Average
Exposure

(Assumes Higher Annual
Consumption Rate)

646.37 pCi/kg
X 19 kglyr =

12,281.03 pCilyr

2,592.86 pCi/kg
X 19 kgfyr =

49,264.34 pCilyr

8,523.33 pCi/kg
X 19 kglyr =

161,943.27 pCilyr

89.00 pCi/kg
X 19 kglyr =

1.691.00 pCi/yr




Table 6-3.

Mean Annual Dose Of Radioactivity Per kg Of Fish From Selected Radioactive Contaminants Obtained
by Ingesting Fish Taken From the Mouth of Steel Creek Near the Savannah River Site (SRS)

(STN 410)
Consumption CS-137 SR-90 H-3 a
Scenario
Minimum Estimate 768.00 pCi/kg 82.00 pCi/kg 9,341.54 pCi/kg 103.50 pCi/kg
of Average Exposure | X 9 kg/yr = X 9 kglyr = X 9 kglyr = X 9 kglyr =
[Assumes Lower 6.912.00 pCilyr 738.00 pCilyr 84,073.86 pCilyr 9,315.00
Annual Consumption Rate) pCilyr
Maximum Estimate 768.00 pCirkg 82.00 pCi/i(g 9,341.54 pCilkg 103.50 pCi/kg
of Average Exposure | X 19 kg/yr = X 19 kag/yr = X 19 kaglyr = X 19 kglyr =
{Assumes Higher 14,592.00 pCi/yr | 1.558.00 pCi/yr | 177.489.26 pCi/yr | 1,966.50

Annual Consumption Rate)

pCilyr




Table 6-4.

Mean Annual Dose Of Radioactivity Per kg Of Fish From Sefected Radioactive
Contaminants Obtained by Ingesting Fish Taken From the Mouth of Lower Three Runs

Creek Near the Savannah River Site (SRS)

(STN 440)
Consumption CS-137 SR-90 H-3 a
Scenario
Minimum Estimate 855.43 pCi/kg - 531.43 pCi/kg 90.00 pCi/kg
of Average Exposure | X 9 kglyr = X 9 kglyr = X 9 kglyr =
{Assumes Lower 7.698.87 4,782.87 pCi/yr 810.00 pCilyr
Annual Consumption Rate) pCi/yr

855.43 pCi/kg
X 19 kglyr =

Maximum Estimate
of Average Exposure

{Assumes Higher
Annual Consumption Rate)

16.253.17
pCi/yr

531.43 pCi/kg
X 19 kglyr =

10,097.17 pCilyr

90.00 pCi/kg
X 19 kglyr =

1,710.00 pCil/yr




Table 7-1.

Estimated Lifetime Excess Total Cancer Risk For a Reasonably Maximally Exposed (RME) Resident ingesting Savannah
River Fish Which Have Selected Radioactive Contaminants And Are Taken From the Vogtie Electric Generating Plant

Discharge (VEGPD) Near the Savannah River Site {SRS)

{STN 360)

Note: The standard consumption period used in this risk screening is that usually used for rursl residents (40 yr}; the standard consumption
penod for an urban resident would be less (30 yr)

Consumption CS-137 SR-90 H-3 a Radioactive
Scenario Combined
1,044.00 pCifyr | 1,282.50 pCi/yr 2,475.00 pCilyr 1,361.61 pCilyr
Minimum Estimate X 40 yrs X 40 yrs X 40 yrs X 40 yrs
X 3.16E-11 X 4.09E-11 X 7.15E-14 X 3.16E-10
(Assumes Lower (Risk/pCi) {Risk/pCi) (Risk/pCi) {Risk/pCi)
Annual Consumption Rate} | - 1 32E-6 = 2.10E-6 = 7.08E-9 = 1.72E-5
= 2.06E-5
Maximum Estimate 2,204.00 pCi/yr | 2,707.50 pCilyr 5,225.00 pCilyr 2,874.51 pCilyr
X 40 yrs X 40 yrs X 40 yrs X 40 yrs
{Assumes Higher X 3.16E-11 X 4.09E-11 X 7.15E-14 X 3.16E-10
Annual Consumption Rate) | (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi)
= 2,79E-6 = 4.,43E-6 = 1.49E-8 = 3.63E-5

= 4,35E-6




Table 7-2.

Estimated Lifetime Excess Total Cancer Risk For a Reasonably Maximally Exposed (RME) Resident Ingesting Savannah
River Fish Which Have Selected Radioactive Contaminants And Are Taken From the Mouth of Four Mile Creek Near the

Savannah River Site (SRS)

{STN 365])

Note: The standard consumption period used in this risk screening is that usually used for rural residents (40 yr); the standard consumption
period far an urban resident would be less (30 yr)

Consumption CS-137 SR-90 H-3 a Radioactive
Scenario Combined
5,817.33 pCi/yr X | 23,335.74 pCilyr 76,709.97 pCifyr 801.00 pCilyr
Minimum Estimate 40 yrs X 40 yrs X 40 yrs X 40 yrs
X 3.16E-11 X 4.09E-11 X 7.15E-14 X 3.16E-10
{Assumes Lower (Risk/pCi) (Risk/pCi) (Risk/pCi) (Risk/pCi)
Annual Consumption Rate) | _ 7 35E.6 = 3.82E-5 = 2.19E-7 = 1.01E-5 = 5.59E-5
Maximum Estimate 12,281.03 pCi/yr | 49,264.34 pCilyr 161,943.27 pCilyr | 1,691.00 pCi/yr
X 40 yrs X 40 yrs X 40 yrs X 40 yrs
{Assumes Higher X 3.16E-11 X 4.09E-11 X 7.15E-14 X 3.16E-10
Annual Consumption Rate) | (Risk/pCi) {Risk/pCi) (Risk/pCi) (Risk/pCi)
= 1.55E-b = 8.06E-5 = 4.634E-7 = 2.14E-5

1.18E4




Table 7-3.

Estimated Lifetime Excess Total Cancer Risk For a Reasonably Maximally Expased (RME) Resident Ingesting Savannsh
River Fish Which Have Selected Radioactive Contaminants And Are Taken From the Mouth of Steel Creek Near the
Savannah River Site (SRS)

(STN 410)

Note: The standard consumption period used in this risk screening is that usually used for rural residents (40 yr); the standard
consumption period for an urban resident would be less (20 yr)

Consumption CS-137 SR-90 H-3 a Radioactive
Scenario Combined
6,912.00 738.00 pCilyr 84,073.86 pCilyr 931.50 pCilyr
Minimum Estimate pCi/lyr X 40 yrs | X 40 yrs X 40 yrs X 40 yrs
X 8.74E-6 X 4.09€-11 X 7.16E-14 X 3.16E-10
{Assumes Lower (Risk/pCi) (Risk/pCi) {Risk/pCi) (Risk/pCi)
Annual Consumption Rete) | = g 74E-6 = 1.21E-6 = 2.40E-7 = 1.18E-5
- = 2.20E-5

Maximum Estimate

(Assumes Higher
Annual Consumption Rate)

14,592 pCilyr
X 40 yrs

X 3.16E-11
(Risk/pCi)

= 1.84E-5

1.558.00 pCilyr
X 40 yrs

X 4.09E-11
{Risk/pCi)

= 2.55E-6

177.489.26 pCilyr
X 40 yrs

X 7.15E-14
(Risk/pCi)

= 5.08E-7

1,966.50 pCi/yr
X 40 yrs

X 3.16E-10
(Risk/pCi)

= 2.49E-5

4.64E-5




Table 7-4.

Estimated Lifetime Excess Total Cancer Risk For a Reasonably Maximally Exposed (RME) Resident Ingesting
Savannah River Fish Which Have Selected Radioactive Contaminants And Are Taken From the Mouth of
Lower Three Runs Creek Near the Savannah River Site (SRS)

{STN 440)

Note: The atandard consumption period used in this risk screening is that usually used for rural residents (40 yr): the standard
consumption period for an urban resident would be less (30 yr)

Consumption CS-137 SR-90 H-3 a Radioactive
Scenario Combined
7.698.87 pCilyr X - 4,782.87 pCilyr 810.00 pCilyr
Minimum Estimate 40 yrs X 40 yrs X 40 yrs
X 3.16E-11 X 7.15E-14 X 3.16E-10
(Assumes Lower {Risk/pCi) {Risk/pCi) (Risk/pCi)
Annual Consumption Rate) = 9.73E-6 = 1.37E-8 = 1.02E-5
= 4.99E-6

Maximum Estimate

(Assumes Higher
Annual Consumption Rate}

16,253.17 pCi/yr
X 40 yrs

X 3.16E-11
{Risk/pCi)

= 2.05E-5

10,097.17 pCi/yr
X 40 yrs

X 7.15E-14
{Risk/pCi)

= 2.89E-8

1,710.00 pCi/yr
X 40 yrs

X 3.16E-10
{Risk/pCi)

= 2.16E-5

]

1.05E-5




PART Il.

RISK SCREENING ESTIMATES OF POTENTIAL HUMAN HEALTH EFFECTS

" DUE TO INGESTING FISH WHICH HAVE NONRADIOACTIVE
CONTAMINANTS AND ARE TAKEN FROM LOCATIONS NEAR THE
SAVANNAH RIVER SITE (SRS)



Key to Nonradioactive Risk Screening Tables

Table
Number

Title

Summary Table Of Hazard Indexes (HIs) For Deleterious Non-Cancer
Systemic Effects During a Lifetime Obtained by Ingesting Fish Which Are
Contaminated With Selected Nonradioactive Contaminants And Are Taken
From Various Locations Along the Savannah River Near the Savannah River
Site (SRS)

3

River Near the Savannah River Site (SRS)

Summary Table of Estimated Lifetime Excess Cancer Risk For a Resident
Ingesting Fish Which Are Contaminated With Selected Nonradioactive
Contaminants And Are Taken From Various Locations Along the Savannah

Mean Levels Of Selected Nonradioactive Contaminants In Edible Portions of
Fish Taken From Various Locations Along the Savannah River Near the
Savannah River Site (SRS)

Mean Daily Doses of Selected Nanradioactive Contaminants Per kg Of Fish
Obtained By Ingesting Fish Taken From Various Locations Afong the
Savannah River Near the Savannah River Site (SRS)

Summary Table Of Reference Doses (RfDs) For Oral Exposure To Selected
Nonradioactive Contaminants Found In Fish Taken From Various Locations
Along the Savannah River Near the Savannah River Site (SRS)

Hazard Index (H!) For Deleterious Non-Cancer Systemic Effects During a
Lifetime Obtained By Ingesting Fish Contaminated With Arsenic And Taken
From Various Locations Along the Savannah River Near the Savannah River
Site {SRS)

Hazard Index (Hl) For Deleterious Non-Cancer Systemic Effects During a
Lifetime Obtained By Ingesting Fish Which Are Contaminated With Mercury
And Taken From Various Locations Along the Savannah River Near the
Savannah River Site (SRS) '

Hazard Index (Hl) For Deleterious Non-Cancer Systemic Effects During a
Lifetime Obtained By Ingesting Fish Which Are Contaminated With Selenium
And Taken From Various Locations Along the Savannah River Near the
Savannah River Site (SRS)

Hazard Index (Hi) For Deleterious Non-Cancer Systemic Effects During a
Lifetime Obtained By Ingesting Fish Which Are Contaminated With Zinc And
Taken From Various Locations Along the Savannah River Near the Savannah
River Site (SRS)




‘10

Summary Table Of Unit Risk Factors (q,*s) For Oral Exposure To Selected
Nonradioactive Contaminants Found In Fish Taken From Various Locations
Along the Savannah River Near the Savannah River Site (SRS)

1

Upper Estimates Of Lifetime Excess Total Cancer Risk For a Resident
Obtained By Ingesting Fish Which Are Contaminated With Arsenic And
Taken From Various Locations Along the Savannah River Near the Savannah
River Site (SRS)

12

Upper Estimates Of Lifetime Excess Total Cancer Risk For a Resident
Obtained By Ingesting Fish Which Are Contaminated With b-BHC And Taken
From Various Locations Along the Savannah River Near the Savannah River
Site (SRS)

13

Upper Estimates Of Lifetime Excess Total Cancer Risk For a Resident
Obtained By Ingesting Fish Which Are Contaminated With DDE And Taken
From Various Locations Along the Savannah River Near the Savannah River
Site (SRS)




Table 1.

Summary Table Of Hazard Indexes (HlIs) For Deleterious Non-Cancer Systemic Effects
During a Lifetime Obtained by Ingesting Fish Which Are Contaminated With Selected
Nonradioactive Contaminants And Taken From Various Locations Along the Savannah
River Near the Savannah River Site (SRS)

H!l = Human Dose / RfD

If this number is = or > "17, this indicates that the RfD has been exceeded. Usually,
doses less than the RfD are not likely to be associated with any systemic health risks and
are therefore less likely to be of regulatory concern. However, as the frequency of
exposure exceeding the RfD increases, and as the size of the excess increases, the
probability increases that adverse effects may be observed in a human population.

Note: The maximum (19 kg/yr) fish consumption rate was used to obtsin these upper
estimates; the minimum (9 kg/yr) consumption rate was used elsewhere in this risk
screening to obtain lower estimates as well,

Contaminant | Consumption Scenario HI

of Concern

Arsenic Reasonably Maximally Exposed (RME) 0.12
Maximum Estimate of Average Exposure 0.05

.Mercury Reasonably Maximally Exposed (RME) | 0.62

Maximum Estimate of Average Exposure 0.30
Selenium Reasonably Maximally Exposed (RME) 0.06

Maximum Estimate of Average Exposure 0.03
Zinc Reasonably Maximally Exposed (RME) 0.03

Maximum Estimate of Average Exposure 0.02
b-BHC Can Not Be Estimated Because a Reference Dose (RfD) Is | Unknown

Not Available At This Time

DDE Can Not Be Estimated Because a Reference Dose (RfD) Is Unknown
Not Available At This Time




Table 2.

Summary Table of Estimated Lifetime Excess Cancer Risk For a Resident
Ingesting Fish Which Are Contaminated With Selected Nonradioactive
Contaminants And Are Taken From Various Locations Along the Savannah River

Near the Savannah River Site (SRS)

Note: The maximum (19 kg/yr) fish consumption rate was used to obtain these
upper estimates; the minimum (9 kg/yr) consumption rate was used elsewhere in

this risk screening to obtsain lower estimates as well.

Consumption As b-BHC DDE Nonradioactive
Scenario Combined
Reasonably Maximally | 1.86E-9 2.68E-5 | 5.06E-6 | 1.06E-5
Exposed (RME)
Maximum Estimate 7.45E-10 | 1.73E-5 | 1.26E-6 | 6.19E-6
of Average Exposure
(Assumes Higher
Annual Consumption Rate)
Minimum Estimate 3.63E-10 | 8.24E-6 | 5.94E-7 | 2.78E-6

of Average Exposure

{Assumes Lower
Annual Consumption Rate)




Table 3.

Mean Levels of Selected Nonradioactive Contaminants In Edible Portions Of Fish Taken From Various Locations
Along the Savannah River Near the Savannah River Site (SRS)

County Loous Spacies Aversge Contaminent of Conoemn Ingikgal
Sempled Langth
in
Inches A Ho Se Zn bBHC
un avg tun avg un avg run evg um avg un avg
Largemouth 14.8 —_ —_ 0.18 0.20 0.32 0.36 880 9.40 —_ 0.02 < 0.01 < 0.1
Bass to 0.21 to 0 38 to 10.00
Richmond Dewnetream
Lesk & Dem
Sucksr 14.9 - — 0.10 0.18 0.28 0.31 8.30 9.70 < 0.01 < 0.01 < 0.0 0.006
to 0 26 to 0.36 to 12.00 t 0.02
Chennel 18.? 002 0.03 o004 0.06 .06 0.10 56.10 6.36 - -— — -
Catfish to 0.06 to 0.08 to 0.14 to 6.30
Chathem vs 17
Largemouth 133 < 0.02 001 0.02 0.04 0.11 0.14 4.20 8.17 - — - —
Base 0 0.03 to 0 08 t0 0.19 to 6.70
Combined Componite 14.8 0.02 0.02 0.02 0.12 0.08 0.23 4.20 740 < 0.0t 0.013 < 6.0% 0.006
Counties to0 0.06 to 0 26 to 0.38 to 12.00 to 06.02 t0 0.02




Table 4.

Mean Daily Doses Of Selected Nonradioactive Contaminants Per kg Of Fish Obtained By Ingesting Fish Taken
From Various Locations Along the Savannsh River Near the Savannah River Site (SRS)

Consumption As Hg Se Zn b-BHC DDE
Scenario
Minimum Estimate 0.02mgkg 0.12 mokg 0.23 mokg 7.40 mgig 0.013mgkg 0.006 mgkg
of Average Exposurs X9 kglyr = X9 kolyr = X9 kglyr = X 9 kglyr = X9 kglyr = X B kglyr =
0.18 malyr = 1.08 molyr = 207 mglyr = 66 8 mgiyt = 0. 117 mglyr = 0.045 mglyr =
(Assumes Lower 4 93E4mg/d = 2.96E3 mg/d = 6.867E3 mg/d = 0.18mg/d = 3.21E4Amy/d = 1.23E4mg/d =
Annual Consumpton Rate)
7.06E8 4.23E-6 8.10€-6 2.61E-3 4 686 1.76E6
mgkg-d mgkgd mg/kg-d mg/kgd mg/kgd mg/kgd
Maximum Estimate 0.02mgkg 0.12 mg/kg 0.23mgkg 7.40 mg/g 0.013 mgikg 0.006 makg
of Average Exposure X 19 kghr = X 19 kglyr = X 19 kghyr = X 19 kglyr = X 19 kglyr = X 19 kglyr =
0.3 malyr = 2.28 molyr = 437 mglyr = 140.80 molyr = 0.247T mgfyt = 0.950 molyr =

{Assumes Higher Annual
Consumpton Rste}

1.04E3 mo/d =

149E6
mgkgd

8.26E3 mg/d =

8. 93E.6
mgkgd

1.20E-2 mg/d =

1.71E4
mg/kg-d

3.866.1 mg/d =

6.60E-2
mo/kgd

6.77E4 mg/d =

9.67¢8
mo/kgd

2.60E4 mg/d =

3.72c-8
ma/kod




Table 5.

Summary Table Of Reference Doses (RfDs) For Oral Exposure To Selected
Nonradioactive Contaminants Found In Fish Taken From Various Locations Along

the Savannah River Near the Savannah River Site (SRS)

o SR B E——
Contaminant As Hg Se Zn b-BHC DDE
of Concern
RfD (mg/kg-day) | 3.00E-4 | 3.00E-4 5.00E-3 | 3.00E-1 Not Not
Available | Available
at this at this
time time




Table 6.

Hazard Index (HI) for Deleterious Non-Cancer Systemic Effects
During a Lifetime Obtained By Ingesting Fish Which Are
Contaminated With Arsenic And Taken From Various Locations
Along the Savannah River Near the Savannah River Site (SRS)

H!I = Human Dose / RfD

If this number is = or > "1%, this indicates that the RID has been
exceeded, Usually, doses less than the RfD are not iikely to be
associated with any systemic health risks and are therefore less
likely to be of regulatory concern. However, as the frequency of
exposure exceeding the RfD increases, and as the size of the
excess increases, the probability increases that adverse effects may
be observed in a human population.

Note: The maximum (19 kg/yr} fish consumption rate was used to
obtain these upper estimates; the minimum (9 kg/yr] consumption
rate was used elsewhere in this risk screening toe obtain lower

estimates as well.

Consumption Daily Dose Hi
Scenario
Reasonably Maximally | 0.05 mg/kg 3.72E-5 mg/kg-d
Exposed (RME) X 19 kglyr = =
0.95 kglyr =
[Channe! Catfish Taken 2.60E-3mg/d = | 0.12
Solely at US
17, Chatham County] | 37265 3.00E-4 mg/kg-d
mg/kg-d
Maximum Estimate 1.49E-5 1.49E-5 mg/kg-d
of Average Exposure | mg/kg-d =

[Fish Taken From Various
Locations Along the
Savannah River Near the
Savannah River Site (SRS)]

0.05

3.00E-4 mg/kg-d




Table 7.

Hazard Index (HI) For Deleterious Non-Cancer Systemic Effects During
a Lifetime Obtained By Ingesting Fish Which Are Contaminated With
Mercury and Taken From Various Locations Along the Savannah River
Near the Savannah River Site (SRS)

H1 = Human Dose / RfD

If this number is = or > "1°, this indicates that the RID has been
exceeded. Usually, doses less than the RID are not likely to be
associated with any systemic health risks and are therefore less likely
to be of regulstory concemn. However, as the frequency of exposure
exceeding the RID increases, and as the size of the excess Increases,
the probability increases that adverse effects may be observed in a
human population.

Note: The maximum (19 kg/yr] fish consumption rate was used to
obtain these upper estimates; the minimum (9 kg/yr] consumption
rate was used elsewhere in this risk screening to obtain lower
estimates as well.

———-————————ﬁ

Consumption Daily Dose Hi
Scenario
Reasonably Maximally | 0.25 mg/kg 1.86E-4 mg/kg-d
Exposed (RME) 19 kg/yr = = 0.62
4.75 mglyr =

[Sucker Taken Solely at 1.30E-2 mg/d = | 3.00E-4 mg/kg-d

Downstream Lock & Dam,
Richmond County]

1.86E4
mg/kg-d
Maximum Estimate 8.93E-5 8.93E-5 mg/kg-d
of Average Exposure | mg/kg-d = 0.30
{Fish Taken From Various 3.00E-4 mg/kg-d

Locationa Along the
Savannah River Near the
Savanneh River
Site (SRS)]




Table 8.

Hazard Index (H!) For Deleterious Non-Cancer Systemic Effects During a Lifetime
Obtained By Ingesting Fish Which Are Contaminated With Selenium And Taken From
Various Locations Along the Savannah River Near the Savannah River Site (SRS)

HI = Human Dose / RfD

If this number is = or > "1°%, this indicates that the RID has been exceeded. Usually,
doses less than the RfD are not likely to be associated with any systemic health risks and
are therefore less likely to be of regulatory concern. Howaever, as the frequency of
exposure exceeding the RfD increases, and as the size of the excess increases, the
probability increases that adverse effocts may be observed in a human population.

Note: The maximum (19 kg/yr) fish consumption rate was used to obtasin these upper
estimates; the minimum (9 kg/yt} consumption rate was used elsewhere in this risk
screening to obtain lower estimates as well.

— ——

I

Consumption Daily Dose HI
Scenario
Reasonably Maximally 0.38 mg/kg 2.83E-4 mg/kg-d
Exposed (RME) X 19 kglyr = = 0.06
7.22 mg/yr =
[Largemouth Bass Taken Solely at | 1.98E-2 mg/d = 5.00E-3 mg/kg-d
Downstream Lock & Dam,
Richmond County] 2.83E-4
mg/kg-d
Maximum Estimate 1.71E4 1.71E-4 mg/kg-d
of Average Exposure mg/kg-d = 0.03

{Fish Teken From Various
Locations Along the Savannsh
River Near the Savannah River

Site (SRS]]

5.00E-3 mg/kg-d




Table 9.

Hazard Index (H1} For Deleterious Non-Cancer Systemic Effects During
a Lifetime Obtained By Ingesting Fish Which Are Contaminated With
Zinc And Taken From Various Locations Along the Savannah River
Near the Savannah River Site {SRS)

Hl = Human Dose / RfD

If this number is = or > “1°%, this indicates that the RID has been
exceaded. Usually, doses less than the RID are not likely to be
associated with any systemic health risks and are therefore less likely
to be of regulatory concern. However, as the frequency of exposure
exceeding the RID increases, and as the size of the excess increases,
the probability increases that adverse effects may be observed in a
human population.

Note: The maximum (19 kg/yr] fish consumption rate was used to
obtain these upper estimates; the minimum (9 kg/yr] consumption
rate was used elsewhera in this risk screening to obtain lower
estimates as well,

— — — — ——

Consumption Daily Dose Hi
Scenario

Reasonably Maximally | 12.00 mg/kg | 8.92E-3 mg/kg-d

Exposed (RME) X 19 kglyr = = 0.03
228 mglyr
|Sucker Taken Solely at 0.62 mg/d

Downstream Lock & Dam,
Richmond County)

3.00E-1 mg/kg-d

8.92E-3
mg/kg-d
Maximum Estimate 5.50E-3 5.50E-3 mg/kg-d
of Average Exposure | mg/kg-d = 0.02
[Fish Taken From Various 3.00E-1 mg/kg-d

Locations Along the
Savanneh River Near the
Savannah River Site (SRS}}




Table 10.

Summary Table of Unit Risk Factors (q,*s) For Oral
Exposure To Selected Nonradioactive Contaminants
Found In Fish Taken From Various Locations Along

the Savannah River Near the Savannah River Site

(SRS)

Contaminant As b-BHC DDE
of Concern

q,* {mg/kg-d)* | 5.00E-5| 1.80E+0 | 3.40E-1




Table 11.

Upper Estimates Of Lifetime Excess Total Cancer Risk For a Resident Obtained
By Ingesting Fish Which Are Contaminated With Arsenic And Taken From
Various Locations Along the Savannah River Near the Savannah River Site

(SRS)

Individual Risk = Unit Risk Factor X Individual Dose

Note: The maximum (19 kg/yr) fish consumption rate was used to obtain these
upper estimates; the minimum (9 kg/yr) consumption rate was used elsewhere in
this risk screening to obtain lower estimates as well.

Consumption Daily Dose Individual Risk
Scenario
Reasonably Maximally | 0.05 mg/kg 3.72E-5 mg/kg-d
Exposed (RME) X 19 kglyr = X = 1.86E-9
0.95 kglyr = 5.00E-5 (mg/kg-d)"*
[Channel Catfish Taken 2.60E-3 mg/d =
Solely at US 17, Chatham
County] 3.72E5
mg/kg-d
Maximum Estimate 1.49E-5 1.49E-5 mg/kg-d
of Average Exposure mg/kg-d X = 7.45E-10
5.00E-5 (mg/kg-d)"’
[Fish Teken From Various
Locations Along the
Savanneh River Near the
Savannsh River Site (SRS)]
Minimum Estimate 7.05E-6 7.05E-6 mg/kg-d
of Average Exposure ' | mg/kg-d X = 3.53E-10

[Fish Taken From Various
Locations Along the
Savanneh River Naar the
« Savannah River Site (SRS)]

5.00E-5 (mg/kg-d)’




Table 12.

Upper Estimates Of Lifetime Excess Total Cancer Risk For a Resident

Obtained By Ingesting Fish Which Are Contaminated With b-BHC And Taken
From Various Locations Along the Savannah River Near the Savannah River

Site (SRS)

Individual Risk = Unit Risk Factor X Individual Dose

Note: The maximum (19 kg/yr) fish consumption rate was used to obtain these

upper estimates; the minimum (9 kg/yr) consumption rate was used elsewhere

in this risk screening to obtain lower estimates as well.

Consumption
Scenario

Maximum Daily
Dose

Individual Risk

Reasonably Maximally | 0.02 mg/kg 1.49E-5 mg/kg-d
Exposed (RME) X 19 kglyr = X = 2.68E-b
0.38 mglyr = 1.80E+ 0 (mg/kg-d)*
[Largemouth Bass Taken 1.04E-3 mg/d =
Solely at Downstream Lock
& Dam, Richmond Countyl 1.49E-5
mg/kg-d
Maximum Estimate 9.67E-6 9.67E-6 mg/kg-d
of Average Exposure | mg/kg-d X = 1.73E-b
1.80E + 0 (mg/kg-d)™
[Fish Taken From Various
Locations Along the
Savannah River Near the
Savannah River Site {SRS)]
Minimum Estimate 4.58E-6 4.58E-6 mg/kg-d
of Average Exposure | mg/kg-d X = 8.24E-6

[Fish Taken From Various
Locations Along the
Savannah River Near the
Savannash River Site {SRS]]

1.80E + 0 (mg/kg-d)"




Table 13.

Upper Estimates Of Lifetime Excess Total Cancer Risk For a Resident
Obtained By Ingesting Fish Which Are Contaminated With DDE And Taken
From Various Locations Along the Savannah River Near the Savannah River

Site (SRS)

Individual Risk = Unit Risk Factor X Individual Dose

Note: The maximum (19 kg/yr) fish consumption rate was used to obtain
these upper estimates; the minimum (9 kg/yr) consumption rate was used
elsewhere in this risk screening to obtain lower estimates as well.

[Fish Taken From Various
Locations Along the
Savennsh River Near the
Savannah River Site (SRS}|

3.40E-1 (mg/kg-d)"

Consumption Daily Dose Individual Risk
Scenario
Reasonably Maximally | 0.02 mg/kg 1.49E-5 mg/kg-d
Exposed (RME) X 19 kglyr =
0.38 mgl/yr = X = 5.06E-6
. [Largemouth Bass Taken 1.04E-3 mg/d =
Solely at Downstream Lock 3.40E-1 (mg/kg-d)—'
& Dam, Richmond Countyl 1.49E-5 ’
mg/kg-d
Maximum Estimate 3.72E-6 3.72E-6 mg/kg-d
of Average Exposure | mg/kg-d
X = 1.26E-6
[Fish Taken From Various
Locations Along the - -dn
Savannah River Near the 3.40E1 (mg/kg d
Savannah River Site {SRS)]
Minimum Estimate 1.76E-6 1.76E-6 mg/kg-d
of Average Exposure | mg/kg-d
X = 5.94E-7




PART Iil.

RISK SCREENING ESTIMATES OF POTENTIAL HUMAN HEALTH EFFECTS
DUE TO INGESTING FISH WHICH HAVE COMBINED RADIOACTIVE

AND NONRADIOACTIVE CONTAMINANTS AND ARE TAKEN FROM
LOCATIONS NEAR THE SAVANNAH RIVER SITE (SRS)



Key to Combined Radioactive and Nonradioactive Risk Screening Tables

Table
Number

Tite

Summary Table Of Hazard Indexes (HlIs) For Deleterious Non-Cancer
Systemic Effects During a Lifetime Obtained by Ingesting Fish Which Are
Contaminated With Selected Nonradioactive Contaminants And Are Taken
From Various Locations Along the Savannah River Near the Savannah River
Site (SRS)

Summary Table of Estimated Lifetime Excess Cancer Risk For a Resident
Ingesting Fish Which Are Contaminated With Selected Radioactive and
Nonradioactive Contaminants And Are Taken From Various Locations Along
the Savannah River Near the Savannah River Site (SRS)




Table 1.

Summary Table Of Hazard Indexes (HIs) For Deleterious Non-Cancer Systemic Effects
During a Lifetime Obtained by Ingesting Fish Which Are Contaminated With Selected
Nonradioactive Contaminants And Taken From Various Locations Along the Savannah
River Near the Savannah River Site (SRS)

HI = Human Dose / RfD

If this number is = or > "17, this indicates that the RfD has been exceeded. Usually,
doses less than the RfD are not likely to be associated with any systemic health risks and
are therefore less likely to be of regulatory concern. However, as the frequency of
exposure exceeding the RfD increases, and as the size of the excess increases, the
probability increases that adverse effects may be observed in a human population,

Note: The maximum (19 kg/yr) fish consumption rate wes used to obtain these upper
estimates; the minimum (9 kg/yr] consumption rate was used elsewhere in this risk
screening to obtain Jower estimates as well,

Contaminant | Consumption Scenario HI

of Concern

Arsenic Reasonably Maximally Exposed (RME)- 0.12
Maximum Estimate of Average Exposure 0.05

Mercury | Reasonably Maximally Exposed (RME) | 0.62

Maximum Estimate of Average Exposure 0.30
Selenium Reasonably Maximally Exposed (RME) 0.06

Maximum Estimate of Average Exposure 0.03
Zing Reasonably Maximally Exposed (RME) 0.03

Maximum Estimate of Average Exposure 0.02
b-BHC Can Not Be Estimated Because a Reference Dose (RfD) Is | Unknown

Not Available At This Time

DDE Can Not Be Estimated Because a Reference Dose (RfD) Is Unknown
Not Available At This Time




Table 2.

Summary Table of Estimated Lifetime Excess Cancer Risk For a Resident
Ingesting Fish Which Are Contaminated With Selected Radioactive and
Nonradioactive Contaminants And Are Taken From Various Locations
Along the Savannah River Near the Savannah River Site (SRS)

Note: The maximum (19 kg/yr) fish consumption rate was used to obtaip
these upper estimates; the minimum (9 kg/yr] consumption rate was used
elsewhere in this risk screening to obtsin lower estimates as well.

Consumption Radioactive | Nonradioactive | Radioactive and
Scenario Nonradioactive
Combined
Reasonably Maximally | 5.46E-5 1.06E-5 6.52E-5
Exposed (RME)
Maximum Estimate 8.40E-6 6.19E-6 1.46E-5
of Average Exposure
Minimum Estimate 3.98E-6 2.78E-6 6.76E-6

of Average Exposure




PART IV.

OVERALL RISK CHARACTERIZATION oF
POTENTIAL HUMAN HEALTH EFFECTS DUE TO INGESTING FISH WHICH
HAVE COMBINED RADIOACTIVE AND NONRADIOACTIVE

CONTAMINANTS AND ARE TAKEN FROM LOCATIONS NEAR THE
SAVANNAH RIVER SITE (SRS)



Risk Characterization

The purpose of this section is to clearly communicate results of the risk assessment to the risk manager. Key
scientific concepts, data, and methods are discussed here, This section provides an evaluation of the overall
quality of the assessment and the degree of confidence the suthors have in the estimates of risk and conclusions
drawn. Saction also describes risks to individuals and populations in terms of extent and severity of probable
harm. This section integrates individual characterizations from:

A.

Hazard ldentification

1. What fa movwn shout the cqpacily of the comtaminants of
concermn for covsling conosr or other adverss health afasts M
hurmans, laberatory snimale, or widlie speafas?

EPA classifies all radionuclides as Group A (known human)
carcinogens. Radionuclide slope factors are calculated by
EPA's Office of Radiation and Indoor Air (ORIA) to assist
HEAST (Health Effects Assessment Summary Tables) users
with risk-related evaluations and decision-making at various
stages of the remediation process. Therefore, the radioactive
contaminants of concern in this risk screening, Strontium-90
{SR-90), Cesium-137 (CS-137), Tritium (H-3), and Gross Alpha
(a) are analyzed as Group A (known human) carcinogens.

The unit risk factors (q,"s) for these four radioactive
contaminants appear in Part |, Table 4.These q, s have heen
obtained from the most currently available version of HEAST
{November, 1994).

There are six nonradioactive contaminants of concern in this
risk screening: Arsenic (As); Mercury (Hg); Selenium (Se); Zinc
(Zn); Hexachlorocyclohexane, Beta (b-BHC); and 2,2-BIS(p-
CHLOROPHENYL)-1,1-DICHLOROETHYLENE (DDE]}.

Three of these nonradioactive contaminants of concern are
also carcinogens:

L As is a Group A (known human) carcinogen

] b-BHC is a Group B2 (probable human)
carcinogen

o DDE is a Group B2 (probable human) carcinogen

The q,’s for these three nonradioactive contaminants appear in
Part Il, Table 10. These q,"s have been obtained from an on
line search of EPA’s IRIS (Integrated Risk Information System)
on July 25, 1995,

All six of these nonradioactive contaminants of concern can
cause deleterious non-cancer systemic effects. However,



Reference Doses (RfDs) for b-BHC and DDE are not available
at this time in IRIS. Consequently, these two nonradioactive
contaminants of concern were not analyzed further.

The RfDs for four of the nonradioactive contaminants appear
in Part Il, Table 5. These RfDs have been obtained from an on
line search of EPA’s IRIS (Integrated Risk Information System)
on July 25, 1995.

2. What oo the related uncertainties and eclence poliey
oholoss?

Since b-BHC and DDE were not analyzed, due to RfDs for
these two contaminants not being available, it is not known if
consumption of fish with existing levels of these two
pollutants can produce deleterious non-cancer systemic
effects.

Dose-Response Assessment

1. Wkt s kv gbout the Molglen! meshaisms and dose-
razponse relotonelipe undarting any sflasis observed fn the

lnborntory or epfdembology studizs providing doto for this
CEBIBETNENLP

See entries for these contaminants of concern in
EPA’s Integrated Risk Information System (IRIS).

2. What are the reloted unesrtaintizs and sclencs pofioy
oholoaz?

See entries for these contaminants of concern in
EPA’s Integrated Risk Information System (IRIS).

Exposure Assessment

In this subsection several types of risk information are presented on the range
of exposures derived from exposure scenarios and on the use of multiple risk
descriptors consistent with terminology in the EPA Guidance on Risk
Characterization, Agency risk assessment guidelines, and program-specific
guidance. '

1. What Is knovwm about the praneipls poths, pattemme, and
magnitudaes of buman and wildite exposurs and mumbaers of
pereons or wikile apsoles Fkaly to be axposed?

All aquatic species are likely to be affected. No attempt has
been made to evaluate the bioaccumulation of these aquatic
species through selected food chains from smaller species of



fish to other wetland species such as the raptors ( e.g.,
kingfishers, hawks, owls, cormorants, osprey, and eagles), as
well as several varieties of turtles and alligators. Since bones
and carcass are usually taken whole as prey, the bone seeking
characteristic of SR-90 should be considered, because one
could reasonably hypothesize that levels of SR-30 might be
successively magnified through the food chains of these
predacious species.

The principle human pathway is fish ingestion. All individuals
in the general population who ingest these fish should sustain
some small, but measurable, additional risk. Recreational and
subsistence fishermen, because of higher consumption rates,
should be expected to sustain relatively higher levels of these
risks than the general population.

2. What are the related unosrtaintiss and eclancs poloey
chofosss

Subsistence fishermen frequently do not release undersized
fish. This is especially true for small panfish like bluegills,
sunfish, and suckers. These small fish frequently are simply
gutted, fried whole and consumed "bones and all". This local
consumption practice would necessarily increase SR-90 levels,
because there would be relatively more SR-90 in the bones of
the fish vis-a-vis the filet.

Additionally, subsistence fishermen frequently don’t simply
consume pan fish. Local subsistence fishermen in this area
are known to include other aquatic species such as eels,
turtles, and alligators in their catch. One would expect that
these particular aquatic species, because they are further
along the food chain than pan fish, might successively magnify
levels of SR-90 in the bones of fish that they prey on.
Subsistence fishermen may thereby obtain higher levels of SR-
90 in their diet than either recreational fishermen or fish
consumers in the general population. Therefore, the risks for
subsistence fishermen, who in this analysis are consuming
only fish filets, would probably be underestimated.

Locally grown vegetable crops around SRS are monitored for
radionuclide content. Vegetable crops which normally have
high calcium content, e.g., collard greens, can also have
relatively increased levels of SR-90. As a local favorite,
particularly among people of color, this staple of the local diet
may serve as an additional avenue of exposure, in addition to
that which is obtained by Savannah River fish consumption.
However, the potential pathway for SR-90 in locally grown



collard greens is not analyzed here. The amount of SR-80
consumed by fish consumers thereby may be higher than the
amounts calculated here, and this would tend to underestimate
the risk due to SR-90.

1l. Discussion of Uncertainty in the Overall Assessment

The purpose of this section Is to discuss fully the uncertainty in the overasil assessment. The quality and quantity
of available data, gaps in the database for specific chemicals, and the quality of the measured data are discussed.
Use of default assumptions is reviewed. Any incomplets understanding of genéral biological phenomena is
discussed here. Importantly, scientific judgments or science policy positions that were employed to bridge
information gaps are presented here.

A.

B.

Quality and Quantity of Available Data
1. Variability

There are two separate sets of data which have been analyzed
in this screening-level risk assessment. the nonradioactive
contaminants and the radioactive contaminants were
measured in separate groups of fish samples at two different
periods. Further, there is incomplete overlap of the portions of
the Savannah River selected for sampling the fish. ldeally,
simultaneous analyses of both radioactive and nonradioactive
contaminants should be obtained in the same fish, from the
same locations. However, to the Agency’s knowledge these
are the only sets of fish sampling data available for analysis at
this time.

2. Uncertainty

There are many more aquatic species, and many more samples
for each of these species, in the radioactive data set than in
the nonradioactive data set. Therefore, one should be much
more confident about the risks identified in this analysis for the
radioactive contaminants vis-a-vis the nonradioactive
contaminants.

Data Gaps

The special circumstance of a lack of data for nonradioactive contaminants
in the Savannah River basin limit a detailed analysis of the impacts of these
pollutants on human health and the environment of this community. There
is relatively much more data on radioactive contaminants for this geographic
area, and the analysis of the potential effects of this class of pollutants is
consequently more robust. The authors are therefore much more confident



about the risk characterization of the radioactive contaminants vis-3-vis the
nonradioactive contaminants.

C.

Process of Alternatives Selection
1. Rationale for the Choice

Maximum estimate of average exposure is based on fish
samples taken at random along a 132.8 mile stretch of the
Savannah River, this length being determined by the
availability of sampling data near the Savannah River Site.

Georgia Department of Natural resources provided the data
used in this risk screening.

a. Radioactive Contaminant Data
Source

In December, 1994, the Georgia Department of
Natural Resources {DNR) Environmental
Protection Division (Environmental Radiation
Section) had provided EPA Region IV the
document titled: "Environmental Radioactivity
Data: SRS (Savannah River Site) area ...1/1/90 -
4/20/94" (compiled 4/20/94).

Radioactivity levels in fish samples, reported in

picoCuries per dry kilogram, appear on pp 72-75
of this document, which was the primary source
of radioactive contaminant data used in this risk

screening.
b. Nonradioactive Contaminant Data
Source

Data sheets for the Augusta and Savannah site
sampling of fish on the Savannah River was
collected September 22 - 23, 1993 as part of
the Georgia Department of Natural Resources
River Assessment Project.

c. Scope and Methodology

Levels for CS-137, K-40, H-3, ALPHA, BETA,
BETAS, and SR-90 are reported for several
aquatic species. On advice of the Region IV
Office of Radiation, the alpha levels are
considered to be contributed predominantly by



a. This risk screening focuses on only CS$S-137,
SR-90, H-3, and a levels in fish taken from a
132.8 mile stretch of the Savannah River close
to the Savannah River Site.

Even though levels of radioactivity in both edible
and inedible portions of fish are reported, only
portions designated as "edible” or "filet” have
been used in this risk screening. Lab results (i.e.
dry) were converted to fresh (i.e. wet)
concentrations by multiplying by 0.3, which
approximates the typical Dry/Wet (D/W) ratios
observed in these samples (which were 0.3 +/-
0.1).

Both minimum (9 kg/yr) and maximum (19 kg/yr)
consumption rates, for both urban and rural
residents were used in this risk screening. Risks
for urban residents {consumption period 30
years) and rural residents (consumption period
40 years) were estimated.

Arithmetic means of radioactivity levels in fish
for various locations along this 132.8 mile
stretch of the Savannah River adjacent to the
Savannah River Site {(SRS) were calculated.
Next, a mean dose of radioactivity per kg of fish
for various locations along this stretch of the
Savannah River was obtained. This mean dose
of radioactivity was then used to estimate
average cancer risk for both urban residents and
rural residents taking fish from various locations
along this 132.8 mile stretch of the Savannah
River.

In like fashion, a mean dose of radioactivity per
kg of fish was obtained for fish taken at the
Vogtle Electric Generating Plant Discharge
(VEGPD) [which is close to the mouth of Four
Mile Creek], and the confluences of Four Mile
Creek, Steel Creek, and Lower Three Runs
Creek. Similarly, this mean dose of radioactivity
was then used to estimate Reasonable Maximum
Exposure {(RME) cancer risk for rural residents
taking fish from each respective confluence.



Sport fish data were derived from a creel survey
conducted by the Georgia Department of Natural
Resources from the Savannah River Lock and
Dam to the Atlantic Ocean 1/10/88 - 12/24/88.
See report by Dennis Schmidt (DNR-Fisheries
@912-727-2112), "Savannah River Creel
Survey”, Report F-30-16.

Two consumption rates were used in this risk
screening: a minimum estimate of 9 kg/yr and a
maximum estimate of 19 kg/yr. These
consumption rates are taken from WSRC-RP-91-
17, "Land and Water Use Characteristics of the
Savannah River Site (U)", published in March,
1991. Nuclear Regulatory commission (NRC)
default values for average and maximum
consumption are 6.3 and 21 kg respectively.

2. Effects of Alternatives Selected on the
Assessment

These Savannah River sampling sites are spread along 132.8
miles of stream near the vicinity of the Savanah River Site
(SRS). The Vogtle Electric Generating Plant discharge is 3.5
miles downstream from the first sampling site and 0.9 miles
upstream of the mouth of Four Mile Creek. Although the
Vogtle Plant is believed to discharge a small quantity of CS-
137, DNR considers SRS to be the major contributor of CS-
137 and the sole contributor of SR-90.

Samples taken at the mouth Four Mile Creek contained the
highest concentrations of SR-90. The highest concentrations
of H-3 were found at the mouth of Steel Creek, and the
highest levels of a were found 50 yards downstream of
VEGPD. The highest concentrations of CS-137 were found in
samples taken near the confluence of Lower Three Runs
Creek.

3. Comparison with Qther Plausible Alternatives

Actual risk estimates that might be obtained from a formal risk
assessment could vary substantially from this initial risk
screening; most probably they would be greater than the
estimates presented here. For instance, some risk assessors
may chose to include all portions of the available fish samples
and not restrict the analysis to the edible flesh portions. Itis
likely that the SR-90 risk estimates could be substantially



greater if the whole fish were to be consumed, because SR-90
is a known "bone seeker"; this would increase risk estimates.
Additionally, some risk assessors may choose to use 70 years
of fish consumption, instead of the 40 year period used in this
risk screening; this would further increase risk estimates
shown above.

. Conclusions

This risk characterization Is separate from any risk management considerations, In decision-making, risk
mansgers should use risk information appropriste to their program legislation.

This risk characterization presents several types of information. Information is presented on the range of
exposures derived from exposure scenarios and the use of muftiple risk descriptors (e.g., central tendency, high
end of individual risk, population risk, iImportant subgroups, if known) consistent with terminology In the
Agency’s Guidance on Risk Characterization, Agency Risk Assessment Guidelines (RAGs) and program-specific
guidance.

A. Noncancer Systemic Effects

Hazard Indexes (HIs) for deleterious non-cancer systemic effects during a
lifetime obtained by ingesting fish which are contaminated with selected
nonradioactive contaminants and are taken from various locations along the
Savannah River near the Savannah River Site (SRS)

Four nonradioactive contaminants were analyzed. None of the doses of
these four contaminants exceeded their respective reference doses (RfDs)
and are therefore not likely to be associated with any systemic health risks.
however, RfDs for b-BHC and DDE are not available at this time, and any
hazard for these contaminants presently cannot be estimated.

Consequently, the overall hazard for deleterious non-cancer systemic effects
during a lifetime obtained by ingesting fish which are contaminated with
these two pollutants is unknown.

B. Cancer Effects
1. Risk due to selected radioactive contaminants

Estimated lifetime excess total cancer risk for a resident
ingesting fish which are contaminated with selected
radioactive contaminants and are taken from various locations
along the Savannah River near the Savannah River Site (SRS)

a. Estimated risks for rural resident
with RME to SR-90, CS-137, H-3

and a:




An analysis of an individual rural resident with a
Reasonable Maximum Exposure (RME) to SR-90,
CS-137,H-3, and a was performed for sampling
data from VEGPD, and the mouths of Four Mile
Creek, Steel Creek, and Lower Three Runs
Creek, those locations of this stretch of the
Savannah River which have the highest levels
these radionuclides. The estimated lifetime
excess total cancer risk due to SR-90, CS-137,
H-3. and a for a Reasonably Maximally Exposed
(RME) rural resident ingesting Savannah River
fish taken solely from these locations is 5.46E-5.
In short, with arithmetic rounding, the risk from
these radionuclides combined for a RME rural
resident should be considered to be a *1.00E4~
risk.

b. Estimated risks for rural residents
with average exposure to SR-90,

CS-137, H-3, a:

An analysis was performed of an individual rural
resident consuming fish from various locations
along the Savannah River near the Savannah
River Site (SRS). In this consumption scenario
this rural resident consumes fish from the
VEGPD as well as from the mouths of Four Mile
Creek, Steel Creek, and Lower Three Runs
Creek. Thereby this rural resident obtains fish
with the highest concentrations of SR-90, CS-
137, H-3, and q.

The upper bound estimate of lifetime excess
total cancer risk due to SR-90, CS-137, H-3, and
a for a rural resident ingesting the upper limit of
an average amount of Savannah River fish taken
solely from these locations is 8.40E-6. In short,
with arithmetic rounding, the upper bound
estimate of this risk from these radionuclides for
an average rural resident should be considered to
be a "1.00E-5" risk.

The lower bound estimate of lifetime excess
total cancer risk due to SR-90, CS-137, H-3, and
a for a rural resident ingesting the lower limit of
an average amount of Savannah River fish taken
solely from these locations is 3.98E-6. In short,
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with arithmetic rounding, the upper bound
estimate of this risk from these radionuclides for
an average rural resident should be considered to
be a "1.00E-6" risk.

2. Risk Due to Selected Nonradioactive
Contaminants

Estimated lifetime excess total cancer risk for a resident
ingesting fish which are contaminated with selected
nonradioactive contaminants and are taken from various
locations along the Savannah River near the Savannah River
Site (SRS)

a. Estimated risks for rural resident
with RME to As, b-BHC, and DDE

i Arsenic (As)

An analysis of an individual rural resident with a
Reasonable Maximum Exposure (RVE) to As
was performed for sampling data from various
locations along the Savannah River near the
Savannah River Site (SRS).

The estimated lifetime excess total cancer risk
due to As for a Reasonably Maximally Exposed
(RME) rural resident ingesting Savannah River
fish taken from these locations is 1.86E-9. In
short, with arithmetic rounding, this risk from As
for a RME rural resident should be considered to
be a "1.00E-9" risk.

if. b-BHC

Likewise, an analysis of an individual rural
resident with a Reasonable Maximum Exposure
{RME)} to b-BHC was performed for sampling
data from the from various locations along the
Savannah River near the Savannah River Site
{SRS).

The estimated lifetime excess total cancer risk
due to b-BHC for a Reasonably Maximally
Exposed (RME) rural resident ingesting Savannah
River fish taken from these locations is 2.68E-5.
In short, with arithmetic rounding, the upper
bound estimate of this risk from b-BHC for a



11

RME rural resident should be considered to be
"1.00E-5",

iii. DDE

Again, an analysis of an individual rural resident
with a Reasonable Maximum Exposure (RME) to
DDE was performed for sampling data from the

from various locations along the Savannah River
near the Savannah River Site (SRS).

The estimated lifetime excess total cancer risk
due to DDE for a Reasonably Maximally Exposed
(RME) rural resident ingesting Savannah River
fish taken solely from these locations is 5.06E-6.
In short, with arithmetic rounding, this risk from
DDE for a RME rural resident should be
considered to be "1.00E-5".

iv. As, b-BHC, and DDE
{nonradioactive combined)

Therefore, the estimated lifetime excess total
cancer risk due to As, b-BHC, and DDE
{nonradioactive combined) for a Reasonably
Maximally Exposed (RME] rural resident
ingesting Savannah River fish taken.from various
locations along the Savannah River near the
Savannah River Site (SRS) is 1.06E-5. In short,
with arithmetic rounding, this risk from As, b-
BHC, and DDE combined for a RME rural resident
should be considered to be "1.00E-5".

b. Estimated risks for rural resident
with average exposure to As, b-
BHC, and DDE

An analysis of an individual rural resident with a
maximum estimate of average exposure to As
was performed for sampling data from various
locations along the Savannah River near the
Savannah River Site.

i. Arsenic (As)

The upper bound estimate of lifetime excess
total cancer due to As risk for a rural resident



ingesting an average amount of Savannah River
fish taken from these locations is 7.45E-10. In
short, with arithmetic rounding, the upper bound
estimate of this risk from As for an average rural
resident should be considered to be *1.00E-9".

The lower bound estimate of lifetime excess
total cancer due to As risk for a rural resident
ingesting an average amount of Savannah River
fish taken from these locations is 3.53E-10. In
short, with arithmetic rounding, the lower bound
estimate of this risk from As for an average rural
resident should be considered to be "1.00E-10".

ii. b-BHC

Likewise, an analysis of an individual rural
resident with an average exposure to b-BHC was
performed for sampling data from these
locations.

The upper bound estimate of lifetime excess
total cancer risk due to b-BHC for an average
rural resident ingesting Savannah River fish
taken solely from these locations is 1.73E-5. In
short, with arithmetic rounding, the upper bound
estimate of this risk from b-BHC for an average
rural resident should be considered to be ~1.00E-
5.

The lower bound estimate of lifetime excess
total cancer risk due to b-BHC for an average
rural resident ingesting Savannah River fish
taken solely from these locations is 8.24E-6. In
short, with arithmetic rounding. the lower bound
estimate of this risk from b-BHC for an average
rural resident should be considered to be “1.00E-
5"

iii. DDE

Again, an analysis of an individual rural resident
with an average exposure to DDE was
performed for sampling data from the from
various locations along the Savannah River near
the Savannah River Site (SRS).

12
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The upper bound estimate of lifetime excess
total cancer risk due to DDE for an average rural
resident ingesting Savannah River fish taken
solely from these locations is 1.26E-6. In short,
with arithmetic rounding, the upper bound
estimate of this risk from DDE for an average
rural resident should be considered to be " 1.00E-
6".

The lower bound estimate of lifetime excess
total cancer risk due to DDE for an average rural
resident ingesting Savannah River fish taken
solely from these locations is 5.94E-7. In short,
with arithmetic rounding, the upper bound
estimate of this risk from DDE for an average
rural resident should be considered to be "1.00E-
6".

iv. As, b-BHC, and DDE
(nonradioactive combined)

Therefore, the combined upper bound estimate
of lifetime excess total cancer risk due to As, b-
BHC, and DDE (nonradioactive combined) for an
average rural resident ingesting Savannah River
fish taken from various locations along the
Savannah River near the Savannah River Site
{SRS) is 1.86E-5. In short, with arithmetic
rounding, the upper bound estimate of this risk
from As, b-BHC, and DDE combined for an
average rural resident should be considered to be
"1.00E-5".

Similarly, the lower bound estimate of lifetime
excess total cancer risk due to As, b-BHC, and
DDE (nonradioactive combined) for an average
rural resident ingesting Savannah River fish
taken from various locations along the Savannah
River near the Savannah River Site (SRS} is
2.78E-6. In short, with arithmetic rounding, the
lower bound estimate of this risk from As, b-
BHC, and DDE combined for an average rural
resident should be considered to be "1.00E-6".

3. Estimated lifetime excess total cancer risk for a resident
ingesting fish which are contaminated with selected
radioactive and nonradioactive contaminants and are taken



from various locations along the Savannah River near the
Savannah River Site (SRS)

a.

Estimated risks for rural resident with RME to

radioactive and nonradioactive contaminants

.

The estimated lifetime excess total
cancer risk for an individual rural
resident with a Reasonable
Maximum Exposure (RME) to
radioactive contaminants (see
above) is 1.19E4.

The analysis of an individual rural
resident with a Reasonable
Maximum Exposure (RME) to
nonradioactive contaminants (see
above) is 1.06E-5.

Therefore, the estimated lifetime
excess total cancer risk due to
radioactive and nonradioactive
contaminants combined for a
Reasonably Maximally Exposed
{RME) rural resident ingesting
Savannah River fish taken from
these locations is 1.30E4. In
short, with arithmetic rounding.
this risk from both radioactive and
nonradioactive contaminants for a
RME rural resident should be
considered to be a "1.00E4" risk.

Stated in other terms, this is
roughly equivalent to one extra
case of cancer in every 10,000
individuals with maximum
exposure.

Estimated risks for rural resident with average

exposure to radioactive and nonradioactive

contaminants:

The upper bound estimate of
lifetime excess total cancer due to
all radioactive contaminants
studied for a rural resident

14



ingesting an average amount of
Savannah River fish taken from
these locations is 8.40E-6, roughly
a 1.00E-5 risk.

The lower bound estimate of
lifetime excess total cancer due to
all radioactive contaminants
studied for a rural resident
ingesting an average amount of
Savannah River fish taken from
these locations is 3.98E-6, roughly
a 1.00E-6 risk.

The upper bound estimate of
lifetime excess total cancer risk
due to all nonradicactive
contaminants for an average rural
resident ingesting Savannah River
fish taken solely from these
locations is 6.18E-6, roughly a
1.00E-5 risk.

The lower bound estimate of
lifetime excess total cancer risk
due to all nonradioactive
contaminants for an average rural
resident ingesting Savannah River
fish taken solely from these
locations is 2.78E-6, roughly a
1.00E-6 risk.

The upper bound estimate of
lifetime excess total cancer risk
due to radioactive and
nonradioactive contaminants
combined for an average rural
resident ingesting Savannah River
fish taken from various locations
along the Savannah River near the
Savannah River Site (SRS) is
1.46E-5. In short, with arithmetic
rounding, this risk for a RME rural
resident from nonradicactive and
radioactive contaminants
combined should be considered to
be a "1.00E-5" risk.

15



The lower bound estimate of
lifetime excess total cancer risk
due to all radioactive and
nonradioactive contaminants
combined for an average rural
resident ingesting Savannah River
fish taken solely from these
locations is 6.76E-6. In short,
with arithmetic rounding, this risk
for a RME rural resident from
nonradioactive and radioactive
contaminants combined should be
considered to be a *1.00E-5" risk.

iv. Stated in other terms, this is
roughly equivalent to one extra
case of cancer in every 100,000
individuals with average exposure.

Information Regarding Strengths and Limitations of this Risk Assessment
For:

A. Other Risk Assessments

The Office of Radiaticn of APTMD uses a different method which compares
levels of environmental radioactivity to radiation protection standards, not
the estimation of excess cancer. This may be problematic, in that a level of
radioactivity which may be deemed "safe" under these radiation protection
standards may nevertheless account for an excess total number of cancers
that can be estimated using standard risk screening methods.

importantly, of many potential human health risks, only lifetime excess total
cancer risks from two radionuclides, strontium-90 {(SR-90) and cesium (CS-
137), are estimated in this analysis. Even though data may exist for a
variety of radionuclides in these waters, only cancer risks from ingestion of
fish containing concentrations of these two radionuclides have been
evaluated. Consideration of other radionuclides which are known to exist in
this stream would increase the risk estimates derived in this risk screening.
One should realize that the individual levels of contaminants used in the
Reasonably Maximally Exposed (RME) estimates were, in fact, high-end, not
maximum, values. The radioactive contaminant levels of all fish samples for
each sampling station (STN) were averaged for that respective location.
Next, those locations with the highest levels of specific radionuclides were
selected as loci for further RME analysis. This RME approach is consistent
with the Administrator's policy guidance on risk characterization.

16
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This risk screening is based on preliminary data provided by the Georgia
Department of Natural resources. The Georgia Department of Natural
Resources is cooperating with EPA on further analysis of non-radiological
contaminants in this waterway. We have learned that the Georgia
Department of Natural Resources has new fish sampling data, but these data
are not available to the Agency at this time. We hope to obtain these new
data for further analysis of the risks in this community.

B. Relevance of this Risk Assessment for EPA Decision-Makers

The SRS F & H Area groundwater plume drains into Four Mile Creek. EPA
Records of Decision (RODs) require groundwater remediation to prevent
additional contamination of Four Mile Creek.

There is one perspective of this analysis which deserves special mention.
Fish consumers in the Savannah River community may be highly exposed.

In this community some of these fish consumers have been identified as
poor people of color. EPA has evidence that some of these same people are,
in fact, subsistence fishermen. Selection of this population segment was a
matter of discovery of a highly exposed subgroup during the assessment
process, and not a matter of a priori interest in the subgroup because of
environmental justice considerations. These findings must be given careful
consideration.

C. Caveats for the Risk Manager

For the most part, this risk screening addresses human health
considerations, not ecological risks. There are other potential adverse
human health effects, besides cancer, that could be produced by other non-
radiological contaminants. The contributions of non-radioactive toxic
compounds to the production of adverse human health effects, including
cancer, are not analyzed here.

D. Public Involvement Issues
1. Ecological Considerations
a. Alligators and aquatic turtles (especially soft

back and snapping turtles) have not been
included in this risk screening. Even though
these species are know to be harvested by local
fishermen, creel survey-type data on these edible
game species have not been located to date.

b. Another species of special interest are
catadromous eels of the genus anguifla. These
eels are apparently a favorite delicacy of local
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residents, some adult eels reaching about three
feet in length. These eels migrate from the
Savannah River to the Sargossa Sea (part of the
North Atlantic between the West Indies and the
Azores) to spawn. Some of these eels have
been found on the Savannah River Site,
specifically in Par Pond. However, to date,
neither the Georgia DNR or Region IV’s
Environmental Services Division (ESD) have
sampled these eels for heavy metals or
radionuclides.

c. In consideration of these potential
ecological impacts the reader
should note that this risk screening
focuses primarily on potential
human health risks, not ecological
risks. Nevertheless, in so far as
several of these aquatic species
are part of the human diet in this
community, there are probably
shared adverse impacts.

Human Health Considerations

1. VWho are the pecple ot greatest rlek?

The people at greatest risk are subsistence
fishermen, who in this area have been identified
as primarily poor people of color.

2. What ek lavele are they sublestsd to?

The estimated lifetime excess total cancer risk
due to radioactive and nonradioactive
contaminants combined for a Reasonably
Maximally Exposed (RME) rural resident
ingesting Savannah River fish taken from these
locations is 5.08E4. In short, with arithmetic
rounding, this risk from both radioactive and
nonradioactive contaminants for a RME rural
resident should be considered to be a ~1.00E-3"
nsk.

In other terms, one would expect one extra case
of cancer in 1,000 such individuals with similar
exposure.
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3. What are they dolng, where do they lvs,
sto., that might placs them at thie kighee
rlske?

These individuals are placed at greater risk by
fishing at the Savannah River confluences of
Four Mile Creek and Steel Creek, because these
are the locations along the Savannah River with
the highest concentration of radioactive

pollutants.
8, What le the average ek for Individuale in
the pepulsdon of mmm?

The upper bound estimate of lifetime excess
total cancer risk due to radioactive and
nonradioactive contaminants combined for an
average rural resident ingesting Savannah River
fish taken from various locations along the
Savannah River near the Savannah River Site
{(SRS) is 6.25E-5. In short, with arithmetic
rounding. this risk from radioactive and
nonradioactive contaminants combined for a
RME rural resident should be considered to have
a "1.00E4" risk.

In other terms, one would expect one extra case
of cancer in 10,000 such individuals with similar
exposure.

Hazard Indexes (Hls) obtained by ingesting fish
which are contaminated with selected
nonradioactive contaminants and are taken from
various locations along the Savannah River near
the Savannah River Site {SRS).

Four nonradioactive contaminants were analyzed
for deleterious non-cancer systemic effects
during a lifetime. None of the doses of these
four contaminants exceeded their respective
reference doses (RfDs) and are therefore not
likely to be associated with any systemic health
risks. The highest Hazard Index obtained was
that for mercury (0.61). However, RfDs for b-
BHC and DDE are not available at this time, and
any hazard for these contaminants presently
cannot be estimated. Consequently, the overall
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hazard for deleterious non-cancer systemic
effects during a lifetime obtained by ingesting
fish which are contaminated with these two
pollutants is unknown,

E. EPA Region IV Comments

The Office of Risk Assessment of WMD reviewed a draft of this risk
screening. They considered it a balanced presentation of the potential risks
associated with ingesting fish contaminated with CS-137, SR-90, H-3, and @
along this 132.8 stretch of the Savannah River. Also, their technical
comments were incorporated as appropriate.
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Mr. Harry Mathis, Director

Division of Hydrogeology

South Carolina Department of
Health and Environmental Control

2600 Bull Street

Columbia, South Carolina 29201

Ms. Cynthia Anderson
Savannah River Operations
U.S. Department of Energy
P.O. Box A

Aiken, South Carolina 29802

Mr. James C. Hardeman

Program Manager

Environmental Radiation Program
4244 International Pkwy, Suite 114
Atlanta, Georgia 30354

Subject: Joint DOE/EPA/DHEC Community Involvement
Plan for the Savannah River .Site

Dear Mr. Mathis and Ms. Anderson:

The purpose of this letter is to transmit a proposed
communication plan regarding the issues discussed in our meetings
held October 17, 1995, and February 6, 1996. Those issues )
included levels of contaminants contained in fish collected in
tributaries leaving the Savannah River Site (SRS), and associated
risks from exposure to those levels of contaminants. .

Based on discussions during these meetings, the
Environmental Protection Agency (EPA) expects the Department of
Energy Savannah River Site (DOE-SRS) to work with the federal and
state regulators to ensure that the public is informed of any
risks associated with these contaminants. The EPA has prepared a
plan for involving and notifying impacted stakeholders. As you
will see in the enclosed plan, EPA would expect DOE to notify the
list of impacted stakeholders of any related Department decisions
and/or actions, e.g. public meetings and notices, etc. The EPA
particularly encourages special consideration be made fcr those
who may not be aware of the usual public notification processes.



Please find enclosed EPA’s proposed plan for your review and
further consideration. This plan is offered only for purposes of
assistance and coordination. We hope that these draft documents
will be helpful as information becomes available that should be
passed on to interested parties and the general public. We would
certainly recommend that the benefit of State experiences be
included in DOE's efforts to involve the public.

Please contact Constance Jones of my staff, or me, for
further information and action on this community involvement
plan. Thank you again for your support and valuable
contributions in better serving the public in this important
matter.

Sincerely yours,

OW/\
Camilla Bond Warren
Chief

DOE Remedial Section
Federal Facilities BRranch
Enclosure

cc: Myra Reece, Aiken
Ann Ragan, Ex officio CAB
Keith Collinsworth, SCDHEC
‘Lil Mood,” SCDHEC
Edward Younginer, SCDHEC
Russell Berry, Beaufort Office
Sandra Threatt, SCDHEC
Randy Manning, GA-DNR
de'lLlisa Bratcher, DOE
Mary Flora, WSRC
Rick Ford, DOE
Wade Whittaker, DOE
Ben Gould, DOE
Tom Heenan, Ex officio, CAB

bc: Elmer Akin
Carl Terry
Pete Raack
MaryAnn Lynch, OSWER-HQ
David Levenstein, OFFE
Jon Richards
John Stockwell, FFB
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Joint DOE/EPA/DHEC Community Involvement Plan for the
Savannah River Site

Purpose
] To fully communicate these findings to all potentially affected communities
° To coordinate with State and federal counterparts on a risk communication

strategy
. To identify important groups to notify regarding risk

How to Prepare for Community Interest in the Joint DOE/EPA/DHEC COMMUNITY
INVOLVEMENT PLAN FOR THE SAVANNAH RIVER SITE

14 Step 1

Identify the contaminants, both radioactive and
nonradioactive, in this watershed which are most likely to be
of concern

Note:  This critical first step has just been accomplished.

o Step 2

Obtain additional toxicity and exposure information on these
contaminants, including information on-any associated risks

Of particular importance is interpreting the
significance of this technical information to
personal health

° Step 3

Identify the perceptions and concerns of individuals in these
potentially affected communities

- If possible, assess the "chemical risk"
awareness in these potentially affected
communities with some type of baseline study

- Influencing factors may include proximity to
downstream releases of SRS

- It is absolutely critical that we know the public
with whom we are dealing



Strategy

1)

2)

3)

Step 4
Determine the types of questions, specific to potentially
affected communities, that we might be asked, such as "/s it

safe to drink my water?"™ and "Is it safe to eat fish taken from
the Savannah River?"

Communicate findings

a) What findings?

. Contaminants
. Type fish
. Size fish
. Found where?
b) Recommendations
. Don't eat
. Eat limited amount (how much)
. Anyone at risk?

Coordination (State & Federal)

. Joint advisory

. State advisory ,

. Shared press advisory statements with organizations listed
herein

Groups

Subsistence Fishermen

Sport Fishermen

South Carolina and Georgia Residents
Town of Martin

Town of Barnwell

City of Aiken

City of Beaufort

City of Hilton Head

City of Savannah

Answering Questions

How we handle the calls as they come in?



L If we intend to designate people to answer questions, do we
know who within Region |V, State, or locality are the contact
points for answering specific questions?

o How will we document calls as they come in?
° If a serious problem is apparent what do we plan to do?
Assembling Information

. Have we assembled the appropriate materials that may be
needed to answer the questions?

- Do we have information related to the heaith
and/or environmental effects of these
radioactive contaminants?

Note: As of this date the Agency does NOT have
any available information of this type for
any of these radioactive contaminants!

* EPA Hazardous Substance Fact
Sheets; (presently, none exist)
Agency for Toxic Substances
Disease Registry (ATSDR)
Toxicological Profiles; (presently,

> none exist)

* Printouts from EPA's Integrated
Risk Information System (IRIS);
(presently these radioactive
chemicals do not appear on IRIS)

* And Chemical Emergency
Preparedness Program (CEPP);
(presently, none exist)

- Do we have a listing of environmental medicine
physicians and certified toxicologists in the
potentially affected areas who are willing to
assist in responding to citizens' health
questions?

Note: To date, no such listing has been compiled
by any Headquarters or EPA Reglon IV
staff member

- Do we know the status of federal regulations on
these radioactive contaminants?



- Do we know how Georgia and South Carolina
regulate these radioactive contaminants?

Disseminating Information

° Have we made plans to distribute the risk analysis of these
radioactive chemicals that this community involvement
initiative is based on?

- Will we distribute an executive summary of this
risk analysis

° Do we have summary information that we can give to the
public conceming:

The Community Right-To-Know Program?
Health and Environmental Effects?

- Access to the original risk analysis?

- Access to the fish data upon which the original
risk analysis is based?

® Do other programs in Georgia, South Carolina, and the
Savannah River Watershed as a whole know (or actually
have) what we have in terms of materials we have
assembled?

L Will we be developing communication channels for sharing
call information between federal agencies, States, and
localities?

- If so, how will we publicize this information?

Important Groups to Notify/Involve

Key Interagency Liaisons

- Savannah National Wildlife Refuge

- Georgia State Health Officer

- South Carolina State Health Officer

- Agency for Toxic Substances and Disease Registry (ATSDR)

- National Oceanographic and Atmospheric Administration
(NOAA)

- U.S. Fish and Wildlife Service

- Corps of Engineers (COE)



- U.S. Geologic Survey
- Natural Resource Conservation Service
[Note: previously named Soil Conservation Service (SCS)]
- Georgia Department of Natural Resources
- South Carolina Department of Natural resources (SCDNR)

Environmental Interest Groups

- Coastal Conservation League

- Costal Office of the Georgia Conservancy

- South Carolina Wildlife Federation

- Georgia Wildlife Federation

- The Nature Conservancy, Georgia Field Office, Atlanta, GA
[which services the Savannah area]

- Greenpeace USA, Atlanta, GA '

- Sierra Club, Georgia Chapter, Atlanta, GA

- Sierra Club, South Caroilina Chapter, Columbia, SC

- Georgia and South Carolina Bassmasters Chapters

Note: These Environmental interest Groups are the U.S. EPA Region IV field offices
of the "Top Ten" national environmental groups which are located In either
Georgia or South Carolina

Governmental Contacts

- All applicable congressional delegations

- All applicable Offices of Mayor and Boards of County
Commissioners

- All applicable City and County Health Officers

- Water Authorities for City of Savannah, City of Hiiton Head,
and City of Beaufort

Corporate Interests

- Savannah Seafood Restaurant Association(s)

- Savannah Seafood Distributors

- All applicable Fish Markets for Savannah River Fish
- Georgia Power

- All applicable Chambers of Commerce

- All applicable Boards of Realtors

- All applicable County Medical Societies



Intended Audiences

- Subsistence Fishermen who take fish from within two miles
of the confluences of either Four Mile Creek, Steel Creek, or
Lower Three Runs Creek

- Sport fishermen who take fish from within two miles of the
confluences of Four Mile Creek, Steel Creek, and Lower Three
Runs Creek or within 15 miles downstream of any of these
streams

- South Carolina and Georgia Residents who live within two
miles of the banks of the Savannah River from two miles
above the mouth of Four Mile Creek to the Atlantic ocean

- Residents of Town of Barnwell; City of Aiken; City of
Beaufort; City of Hilton Head; City of Savannah

- All applicable operators of bait shops and custodians of
nearby boat ramps and bridges



