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For general information on the DOE National Environmental Policy Act process, write or call:
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1000 Independence Avenue, S.W.

Washington ,D.C. 20585
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ABSTRACT: The purpose ofthe DOE action evaluated in this environmental impact statement (EIS)

to shut down the Savannah River Site River Water System in order to save money; that is, to prevent

further expenditure of the funds necessary to operate a system that has no currentmission . In the DOE

Savannah River Strategic Plan, DOE committed to identifying and disposing of excess infrastructure.

The River Water System hasbeen identified as potential surplus infrastructure. As its Proposed Action

and Preferred Alternative, DOE proposes to shut down andmaintain the RiverWater System and to

place all or portions of the system in a standby condition thatwould enable restart if conditions or

mission changes required system operation. Consequently , DOE prepared this draft EIS to evaluate

potential environmental impacts and to assess reasonable alternatives to this action. In this document,

DOE assesses the cumulative environmental impacts of shutting down the River Water System ,

examines the impacts of alternatives, and identifiesmeasures available to reduce adverse impacts.

Evaluationsof impacts on water quality, air quality , ecological systems, land use, geologic resources,

cultural resources, and thehealth and safety of onsite workers and the public are included in the

assessment.

In addition to the Preferred Alternative, described above, and the No-Action Alternative,which consist

of continuing to operate the RiverWater System , this EIS examines an alternative to shut down and

deactivate the River Water System .

PUBLIC COMMENTS: In preparing this FinalEIS,DOE considered comments received by letter an

voicemail, and statements given at two public scopingmeetings in North Augusta ,South Carolina on

December 4, 1996.
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FOREWORD

maintain the River Water System in a star

condition until DOE determines that a star

condition is no longer necessary , and one :

native to shut down and deactivate the Riv

Water System

This environmental impact statement (EIS)

evaluates alternative approaches to and envi

ronmental impacts of shutting downthe River

Water System at the Savannah River Site (SRS).

Until the end of the Cold War, the U.S. Depart

mentof Energy's (DOE's ) primarymission at

SRS was to produce and process nuclearmate

rials to support nationaldefense programs. The

SRS produced nuclear materials that supported

the defense, research, andmedical programs of

the United States. Five production reactors

were constructed and operated at the site. To

support these facilities, the River Water System

was constructed to provide cooling water to pass

through heat exchangers to absorb heat from the

reactor core in each of the five reactor areas (C ,

K , L , P , and R ). Par Pond and L -Lake are

manmade reservoirs constructed in 1958 and

1984, respectively . Par Pond was built to pro

vide additional cooling water for P- and

R -Reactors, and DOE built L -Lake to dissipate

heated effluent from L -Reactor. R -Reactor

ceased operation in 1964; C -Reactor ceased op

eration in 1985; K -Reactor ceased operation in

1993 ; and P- and L -Reactors ceased operation in

1988. Now that all the reactors have been shut

down, no operationalneed exists to provide

cooling water except for small loads to K-and

L -Reactor Areas. DOE'smission now empha

sizes cleanup and wastemanagement, environ

mental restoration, and decontamination and

decommissioning.

Assumptions and analyses in this EIS are c

sistent with those that are in the Continued

eration ofK-, L-, and P -Reactors EIS,

DOE/EIS-0147 (1990 ); L -Reactor Operatio

EIS, DOE/EIS-0108 (1984 ); Environmental

sessment for the Natural Fluctuation ofWat

Level in Par Pond and Reduced Water Flow

Steel Creek Below L -Lake at the Savannah h

Site, DOE/EA-1070 (1995) ; and Savannah R

Site Waste Management EIS , DOE/EIS-0217

(1995 ).

DOE welcomes dialog with conservation and

wildlife foundations. In a climate of decreasi

funding, DOE must determine if it should con

tinue to operate the RiverWater System . DO

is willing to consider donationsby private or

public foundations to offset costs required to

maintain the river water supply and preserve

L -Lake, which is expected to recede over a 10

year period if the River Water System is shut

down.

TC

DOE is examining options to reduce operating

cost. The DOE Savannah River Strategic Plan

directs the SRS to find ways to reduce operating

costs and to determine what site infrastructure it

must maintain and what infrastructure is sur

plus. The River Water System has been identi

fied as a potential surplus facility . Three

alternatives to reduce the River Water System

operating costs are evaluated in this EIS . In

addition to theNo-Action Alternative,which

consists of continuing to operate the River Wa

ter System , this EIS examines one alternative

(the Preferred Alternative) to shutdown and

DOE published a Notice of Intent to prepare tl

EIS in the Federal Register on June 12, 1996

(61 FR 29744). The notice announced a publi

scoping period that ended on July 12 , 1996 , ar

solicited comments and suggestions on the

scope of the EIS . DOE held scopingmeetings

during this period in North Augusta , South

Carolina , on June 27, 1996. During the scopir

period, comments were received from indi

viduals, organizations, and governmentagen

cies. Comments received during the scoping

period and DOE'sresponseswere used to pre

pare an action plan that defined the scope and

approach of this EIS. DOE issued the action

plan in August 1996 .

V
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The document is structured as follows:

TC

The action plan and reference materials cited in

this EIS are available for review in the DOE

Public Reading Room , located atthe University

of South Carolina- Aiken Campus,

Gregg-Graniteville Library, 2nd Floor,Univer

sity Parkway, Aiken , South Carolina

[(803) 648-6851).

Chapter 1 provides background information

and introduces the River Water System at

the SRS .

Chapter 2 sets forth the purpose and need

for DOE action.

Chapter 3 describes the alternatives DOE is

considering

DOE completed the draft of this EIS in Novem

ber 1996 , and on November 15 , 1996 the U.S.

Environmental Protection Agency published a

Notice of Availability of the document in the

Federal Register (61 CFR 58548). This notice

officially started the public comment period on

the draft EIS ,which extended through Decem

ber 30, 1996. Publication of the draft EIS pro

vided an opportunity for public comment on the

nature and substance of the analyses included in

the document.

Chapter 4 describes the environment at the

SRS and in the surrounding area potentially

affected by the alternatives addressed and

provides a detailed assessment of the poten

tial environmental impacts of the alterna

tives. It also assesses environmental justice ,

unavoidable adverse impacts, irreversible or

irretrievable commitments of resources,

short-term uses and long-term productivity

of the human environment, and cumulative

impacts .
TC

DOE has considered comments it received dur

ing the comment period in preparing this final

EIS . These comments were received by letter,

electronicmail, and statementsmade at public

hearings held in North Augusta, South Carolina

on December 4, 1997. Comments and responses

to comments are in Appendix E.

Chapter 5 identifies regulatory requirements

and evaluates their applicability to the alter

natives considered .

TC
Chapter 6 is a list ofreferences used in

Chapters 1 through 5 of this EIS .

Appendix A is an investigation of potential

remedial actions for L -Lake .

Changes from the draft EIS are indicated in this

final EIS by vertical change bars in themargin .

The bars are marked TC for technical changes,

TE for editorial changes, or if the change was

made in response to a public comment, the des

ignated comment number as listed in Appendix

E. Many of the technical changes are the result

of the availability of updated information since

publication of the draft EIS .

Appendix B describes the ecological effects

of radioactive andnonradioactive contami

nants .

Appendix C provides supplemental data for

occupationaland public health impacts.

Appendix D describes ecologicalresources,

including flora and fauna.

DOE prepared this EIS in accordance with the

provisions of the National Environmental Policy

Act (NEPA), Council on Environmental Quality

regulations (40 CFR 1500-1508), and DOE

NEPA Implementing Procedures (10 CFR

1021). This EIS identifies the methodsused in

the analyses and the sources of information . In

addition, it incorporates,directly or by refer

ence, information from other ongoing studies.

TC

Appendix E contains copies of letters from

the public comment period and DOE re

sponses to those comments.

TC
Appendix F describes L -Lake sedimentdata

and the data sources.
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SUMMARY

S.1 Introduction

The U.S. Atomic Energy Commission (AEC ), a

U.S. Departmentof Energy (DOE) predecessor

agency, established the Savannah River Site

(SRS) in the early 1950s for the production of

nuclearmaterials to support the national de

fense , research , andmedical programsof the

United States. The Site continued that function

until the early 1990swhen the end of the Cold

War led the United States to reduce the size of

its nuclear arsenal.

This environmental impact statement (EIS) ex

amines the environmental impacts of shutting

down a 50 -mile (80-kilometer ) underground

concrete piping structure and pumping system

that was built in the early 1950s to provide

coolingwater for the Site's five nuclear produc

tion reactors. The reactors are no longer in op

eration and the Site's mission now emphasizes

cleanup and environmental restoration.

S.2 Purpose and Need for Agency Action

The AEC built the River Water System during As a result of the end of the Cold War, the SRS

the 1950s to provide secondary cooling water mission emphasis has shifted from operation

from the Savannah River to the five production and production to cleanup and environmental

reactors (C-,K-, L-, P-, and R -Reactors) at the restoration. Through the DOE Savannah River

SRS. The system pumped water from the river Strategic Plan and previous versions, DOE de

to the reactor areas, where the water passed veloped guidance formeeting the expanded

through heat exchangers to absorb heat from the missions. These strategic plans direct SRS or

reactor core. The heated discharge water re
ganizations to identify excess infrastructure and

turned to the river by way of several onsite to develop action plans for their disposition. As

streams. DOE constructed two lakes on the a result of this process, DOE identified the

Site, Par Pond in 1958 to provide additional RiverWater System as excess infrastructure,

cooling water for P-and R -Reactors, and
costly to operate andmaintain , and with limited

L -Lake in 1984 to dissipate the thermal efflu application for new Sitemissions.

ents from L -Reactor. The stream channel of

Lower Three Runswas expanded, a dam built
Therefore, in a climate of decreasing funding,

across a section of its path , and the upstream
DOE must determine if it should continue to op

area flooded to form Par Pond. Similarly, Steel
erate the River Water System , a system that has

Creek channelwas expanded , an earthen dam
no currentmission and will becomemore ex

built across its path , and the upstream area pensive to operate.

flooded to form L -Lake.

S.3 Proposed Action

DOE proposes to shut down the River Water

System and to place all or portions of the system

in a standby condition thatwould enable restart

if conditions ormission changes required sys

tem operation . DOE proposes to lay up all or

portions of the system . Layup means that DOE

would place equipment in a protective state that

ninimizes degradation . DOE would maintain

hose portions in a standby condition (could be

readied for restart). DOE could also maintain

portionsof the system in a state of readiness

higher than a standby condition in order to

quickly restore pumping capability . The cessa

tion of river water input to L -Lake is expected

to result in a gradual drawdown ofthe reservoir

and its reversion to the pre- L -Lake conditions of

SteelCreek . During the expected drawdown

period (about 10 years ), DOE would apply

S - 1
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measures to ensure that it could refill L -Lake

safely and would apply other measures to

minimize potential adverse effects ofexposed

sediments, which contain contaminants, in the

lakebed .

Other situations that could necessitate pumping

include the need to refill L -Lake if the final out

comeof the FederalFacility Agreement process

recommends refilling the lake to an appropriate

level, as a means ofremediation. After the sys

tem is ready for restart,refilling would take ap

proximately 4 months using two of the large

river water system pumps. Following refill, a

smallerpump would run continuously to main

tain the lake level and downstream (Steel Creek )

flow at a minimum of 10 cubic feet (0.28 cubic

meter ) per second.

Examples ofsituations that could necessitate

restarting the River Water System include the

need to pump water into Par Pond to bring the

lake back to a level greater than 195 feet (59

meters) abovemean sea level. In an earlier Na

tional Environmental Policy Act (NEPA) action

(DOE/EA- 1070 and associated Finding ofNo

Significant Impact,Natural Fluctuation ofWa

ter Level in Par Pond and Reduced Water Flow

in Steel Creek Below L -Lake at the Savannah

River Site , 1995), DOE decided to discharge a

minimum flow of 10 cubic feet (0.23 cubic me

ter ) per second to Lower Three Runs and to re

Te duce pumping. The water level in Par Pond

would fluctuate , but DOE would resumepump

ing if impact threshold levels were reached in

water quantity or quality . Based on the extent

ofcontamination and potential impacts to

aquatic communities in the lakebed , 195 feet

(59 meters) abovemean sea level was estab

lished as a conservative lower limit to ensure

minimal, if any, environmental impacts.

New missions could also require restarting the

River Water System . In the Record of Decision

for the Final Programmatic Environmental Im

pact Statement for Tritium Supply and Recycling

(DOE/EIS-0161,60 FR 63877), DOE selected

SRS as the location for an accelerator, ifone is

built. Using the River Water System to supply

cooling water to the accelerator could be a de

sign option. DOE would identify the duration

TC of the standby condition in the Record of Deci

sion .

S.4 Alternatives

TE
DOE is considering two alternatives to the Pro

posed Action. The first alternative , theNo

Action Alternative, is defined as the continued

operation of the River Water System with a

5,000-gallon -per-minute (0.32-cubic-meter-per

second) pump with large back -up pumpsbeing

maintained . DOE would maintain the large

pumps in Pumphouse 3G in operational readi

ness . DOE would continue to use the system to

provide the following:

In addition to these uses, DOE would retain the

capability to pump river water to prevent the

water level in Par Pond from falling below

195 feet (59meters) abovemean sea level and

to ensure Steel Creek and Lower Three Runs re

ceived minimum discharges of 10 cubic feet

(0.28 cubic meter ) per second .

Fire protection at K- and L -Reactors

Blending flow for the L -Area Sanitary

Waste Treatment Plant effluent

A full pool water level in L -Lake of 190 feet

(58 meters ) above mean sea level

The second alternative would be to shut down

and deactivate the River Water System . DOE

would shut down the system in a secure , envi

ronmentally satisfactory condition . Under this

alternative, DOE would have to implement al

ternatives for the requirements listed above ex

cept for themaintenance of the L -Lake water

level. Cessation of river water flow to L -Lake

would result in the gradual recession of the lake

S - 2
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to the original stream level ofSteel Creek .

Naturalrecharge to Steel Creek is expected to

maintain an average flow of 10 cubic feet

(0.28 cubic meter) per second. After drawdown, TC

DOEwould select an
economical option for the

earthen dam such as breaching or insuring un

obstructed flow through the existing conduit.

Steel Creek is expected to maintain its natural

flow , while Lower Three Runs would receive

minimum discharges of 10 cubic feet (0.28 cu

bic meters ) per second and Par Pond is expected

to maintain a water level greater than 195 feet

(60 meters )

TC

S.5 Affected
Environment

TE

Located in
southwest South Carolina, the SRS

occupies an area of
approximately 300 square

miles (800 square
kilometers). The Savannah

River forms the Site's
southwestern boundary

for 27miles (43 kilometers ) on the South Caro

lina-Georgia border. The Site is
approximately

25 miles (40
kilometers) southeast ofAugusta ,

Georgia, and 20 miles (32 kilometers) south of

Aiken , South Carolina, the nearestmajor popu

lation centers.

and slash pine to reduce erosion , provide forest

products, and enhance wildlife habitat for white

tailed deer, wild turkey , and feral hogs, as well

as the
endangered red-cockaded

woodpecker.

TC

The SRS is on the Aiken Plateau , an area of

broad flat surfaces
dissected by narrow steep

sided valleys. Across the Site, elevations range

from about 100 feet (30 meters ) above sea level

at the Savannah River to about 350 feet

( 107meters) above sea level near the northern

boundary . The climate is
temperate with short

mild winters and longhumid
summers. Warm ,

moistmaritime air masses
dominate the

weather.

L -Lake averages 1,970 feet (600 meters ) in

width and extends along the Steel Creek Valley

about 4.4 miles ( 7 kilometers) from the headwa

ters to the dam . Par Pond extends about 3.1

miles (5 kilometers) along the Lower Three

Runs stream bed and has an average width of

about 2,625 feet (800 meters). Both lakes have

characteristic wetlands along the shoreline with

pine and hardwood forests farther
up the slope .

The streamson the SRS generally flow in a

southerly
direction

toward the Savannah
River.

Floodplains
are

characterized
by bottomland

hardwood
forests or scrub-shrub wetlands with a

variety of amphibian ,reptile,
wading bird ,wa

terfowl, and
terrestrial

mammal
populations.

Water quality on the SRS is generally
suitable

for
maintaining

balanced
biological

communi

ties.

TE

TE

Open fields and pine and hardwood forests

comprise 73 percent ofthe SRS;
approximately

22 percent is wetlands, streams, or reservoirs

( L -Lake and Par Pond).
Production and support

areas, roads, and utility corridors account for 5

percent of the total land area. L -Lake occupies

about 1,000 acres (4 square
kilometers) of the

site and Par Pond about 2,640 acres ( 10.7 square

kilometers). The Site is heavily forested with

upland pine and mixed hardwoods. Since 1951,

approximately 80,000 acres of former agricul

turallands were planted with loblolly, longleaf,

Par Pond, a 2,640-acre (10.7 -square -kilometer)

reservoir, was created in 1958 by building an

earthen dam (the Cold Dam ) across the upper

reaches ofLower Three Runs. It has an average

depth of 20 feet (6.2 meters) and amaximum

depth of 59 feet (18 meters ). At normal pool,

the reservoir storage volume is
approximately

52,800 acre- feet (65million cubic meters).

TE

TC
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S.6 Environmental Consequences

TC

This EIS evaluates alternative actions for the

River Water System at the SRS. The alterna

tives cover the spectrum of reasonable actions

from continued operation (No Action ) to com

plete shutdown and deactivation (Shutdown and

Deactivate) with no intention (and eventually no

capability ) to restart the system . The DOE Pro

posed Action and Preferred Alternative is

middle ground under which DOE would shut the

system down, lay up all or portionsof the sys

tem , and maintain someportions in a standby

condition that would enable restart. The alter

natives vary substantially in their ability to sat

isfy the purpose and need forDOE action, their

costs to operate or maintain the system , their

commitment of resources (primarily energy),

and their environmental consequences. Table S

1 comparesbasic operational characteristics of

the alternatives.

way to savemoney and energy. In this EIS ,

flows and cost comparisonsdescribed under

the No-Action Alternative reflect operation

of the small pump.

Under the shutdown alternatives,DOE

would implement alternative sources for the

river water required under No Action except

thatDOE would not providewater to

L -Lake to maintain its water level. These

requirements are reflected as an incremental

impactof shutdown relative to No Action .

Analyses indicate that L -Lake cannot

maintain its normalpool level without flow

augmentation from the River Water System .

To ensure that impacts of the shutdown al

ternatives are notunderestimated, DOE as

sumes a worst- case situation where L -Lake

continues to recede until it reaches the

original Steel Creek surface water profile .

With the exception of capability under the

Proposed Action to restart the RiverWater

System to respond to potential future needs,

impacts under the Shut Down and Deacti

vate Alternative are equal to those of the

DOE Proposed Action and Preferred Alter

native, ShutDown and Maintain .

TE

L12-05

Table S -2 summarizes and compares potential

environmental impacts of the alternatives. The

intent of this table is to draw from the detailed

sectionson affected environment and environ

mentalimpacts to present the primary impacts

of the proposal and alternatives in comparative

form . The following statements form the bases

of the results reported in this table:

DOE will operate a 5,000 gallon -per -minute

(0.32 cubic-meter-per -second) pump as aTC

S - 4
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Small pump

1

1

Table S - 1. Characteristics of the alternatives.

Shut Down and

No Action Deactivate Shut Down andMaintain

Data
No pumping Jockey pumpa Dry layupb

Replacement/restart one-time costc NAS NA $ 820,000 $ 4,730,000

Time to restart
NA NA 30 months

30 months
Cost of Operation

$200,000

System surveillance and
$ 1,084,000 $ 85,000f $710,000 $ 85,000

maintenance

L -Lake, Par Pond Dam 520,000 $ 520,0008 520,000 520,000
surveillance andmaintenance

Energy costs 494,000 20,000 71,000 44,000
Total annual cost

$ 2,098,000h $625,000
$ 1,301,000 $649,000

Staff requiredi 7.8
6

Security (included totalcosts ) Visual inspection Visual inspection Visualinspection Visual inspection

1 /day 1/day
1 /day 1/day

Regulatory requirements Intake canal None Dredging Dredging

dredging
SCDHECK permit SCDHEC permit

for spoils for spoils
Volumeofwater pumped

5,000-gallon -per NA Low flow to keep 0

minute average
piping system

pressurized

The piping system would stay pressurized by operation of a very small pump called a jockey pump.

b. The piping system would be drained.

One-time cost to restart (high reliability ).

d . NA = not applicable .

One -time cost to shutdown.

f. One full-time equivalent person to handleminormaintenance.

g. This is an annual cost for L -Lake and Par Pond dams. After L -Lake has receded and the dam is breached, an

nual dam maintenance costs for L -Lake will be $ 0 .

h . This costdoesnot include unexpected repair or replacement of the system .

i. Staff salary and overhead are included in system and dam maintenance cost.

Above costs donot include cost (if any) for re-permitting for dredging or reuse of existing spoil areas.

k . SCDHEC = South Carolina Department ofHealth and Environmental Control.

TC

a .

C.

e .

j .
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Table S -2. Comparison of the impacts ofthe alternatives for the River Water System .

Resource No-Action Alternative Shutdown Alternatives

Geology and Soils

Same asNo-Action AlterMinimal soil erosion from vegetated slopes

and natural flows

Castor Creek (tributary to

Fourmile Branch ) and head

waters of SteelCreek

(upstream of L -Lake)

Indian Grave Branch

(tributary to Pen Branch)

Minimal soil erosion from vegetated slopes

carrying natural flows and river water and

well water discharges from K -Area

Sameas No-Action Alternative exceptwell

water would replace river water discharge.

Steel Creek and Lower Three Minimal erosion and sedimentation rates due SameasNo-Action Alternative for Lower

Runs (below dams) to controlled stream flow Three Runs and Steel Creek while L -Lake

drains, afterwhich Steel Creek flowswould

be variable and uncontrolled and would ex

perience moderate erosion and sedimentation

from lakebed .

L -Lake and Par Pond Minimal erosion due to constant normal pool Minimalremobilization of soils potentially

water elevations in L -Lake and small fluctua- contaminated by preimpoundment activities

tions in Par Pond
due to gradual recession of L -Lake; same as

No-Action Alternative in Par Pond .

Surface Water

Par Pond
Par Pond ecosystem would revert to that typi- Reversion to typical southeastern reservoir, as

cally found in reservoirs in Southeast due to with No-Action Alternative; under Shut

reduction of nutrients from Savannah River ; Down andMaintain , DOE could prepare sys

DOE could resume pumping to Par Pond if tem for operation , then restart system to pump

conditions warranted
to Par Pond; no capability to pump under

ShutDown and Deactivate .

L -Lake Water level sustained by as much as
Reversion to stream conditions with potential

4,800 gpma of river water pumped to and dis- for lakebed erosion.

charged from L -Area

L -Lake water quality Dissolved oxygen in epilimnion seldom Reduction in dissolved oxygen and tempera

would fall below 5 milligramsper liter and ture and increased acidity in epilimnion and

would generally be greater than 1milligram hypolimnion of L -Lake until lake is drained .

per liter in hypolimnion. Lowest tempera

tures would be around 50 ° F (10° C ) ;maxi

mum near -surface summer temperatures

would be around 86 ° F (30° C ); acidity would

not be substantial; pH levels in near- surface

water would seldom fallbelow 6 .

TC Steel Creek Minimal siltation due to intake structure

drawing water that would be low in sus

pended solids from top of lake; flow of

10 cfsb would be sustained

The dam is expected to act as a sedimentation

basin, thereby minimizing siltation below

dam .

L -Area sanitary wastewater

treatmentplant

Blending flows would be supplied by river

water pumping to L -Area

Alternate compliance method (e.g., septic

tanks) would be required.

S -6
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Table S- 2. (continued ).

Resource

L -Area cooling water dis

charges

No-Action Alternative Shutdown Alternatives

L -Area 186 -Basin maintained full for fire Alternate supply (e.g., well water) would be

protection and overflowing for discharges to required for fire protection and compressor

L -Lake; well water or riverwater could sup totalwell water requirementwould

ply 190 gpm of cooling water for compres be 390 gpm ; total discharge to L -Lake would

be reduced by 10 gpm evaporation from the

186 -Basin to approximately 380 gpm .

sors

K -Area cooling water dis

charges

Asmuch as 200 gpm pumped from system to Alternate supply (e.g., wellwater) would be

K -Area 186 -Basin for fire protection ; well required for fire protection; same as

water would supply 210 gpm of cooling wa No-Action Alternative for compressor cool

ter for compressors ing water; total discharge to Indian Grave

Branch would be approximately 400 gpm

(i.e., 200 + 210 less evaporation ).

Groundwater

Water table levels in L -Area With downgradient elevation of Water Table As L -Lake recedes,water table elevations

Aquifer controlled by lake level, it would would drop 10 ft at Steel Creek outcrop

stand at 190 fic above mean sea level; Water (estimated 180 ft); at L -Area Oil and Chemi

Table Aquifer elevation at L -Area Oil and cal Basin , water table elevations would drop

Chemical Basin (one of four nearby approximately 4 ft ( estimated 204 ft); hy

CERCLAd units) would be approximately draulic gradients at CERCLA units would in

208 ft crease resulting in a 12-percent increase in

local velocities. After lake level dropped , it

would take approximately 18 years for con

taminated groundwater to travel from

CERCLA units to Steel Creek . Therefore ,

there would be little, if any, effect on reme

dial actions for these units.

Air

Air toxic -Mercury 0.014 microgram per cubic meter Increased by 1.15 x 10-6 microgram per cubic

meter to approximately 6 percent of regula

tory standard.

Air toxic - Manganese 0.821microgram per cubic meter Increased by 2.6 x 10-6 microgram per cubic

meter to approximately 3 percentof regula

tory standard.

= Increase of 16 for a total of 129 micrograms

per cubic meter at the SRS boundary ,which

is 85.7 percent of regulatory standard.

Criteria pollutant - 24-hour SRS sources plusbackground

PM10 concentration at SRS 113 microgramsper cubic meter at the SRS

boundary boundary

Radionuclides - annual effec- Very small dose (0.02millirem /yr)

tive inhalation dose equiva

lent to maximally exposed

offsite individual

Total dose from all pathways 6.5 x 10-3

(mrem /yr); 0.07 percent of regulatory stan

dard.

TC
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Table S-2 . (continued ).

Resource No-Action Alternative Shutdown Alternatives

Terrestrial Ecology

L -Lake

TE

No reduction in habitat for amphibians, rep- Reduction in habitat for amphibians, reptiles,

tiles, semiaquatic mammals,wading birds, semiaquatic mammals,wading birds, and

and waterfowl in L -Lake waterfowlas L -Lake recedes.

L -Lake amphibians,reptiles, semiaquatic

mammals, wading birds, and waterfowl

would beprotected from predation

L -Lake amphibians, reptiles, semiaquatic

mammals,wading birds, and waterfowl

would be more vulnerable to predation as res

ervoir recedes.

No increased exposure to contaminated

L -Lake sediments

Animals foraging in the lakebed after draw

down would be exposed to contaminated

sediments via inhalation, ingestion, and der

mal contact.

Aquatic Ecology

L -Lake
Natural changes in aquatic communities as

L -Lake ages
Reservoir ecosystem replaced by small stream

ecosystem .

SRS streams
Same as No-Action Alternative.

Natural flowsin smallwatersheds support

few benthic organisms and fish in Indian

Grave Branch

Wetlands

L -Lake
Natural successional changes in littoral zone

plant communities

Loss of submerged and floating-leaved

aquatic plants as reservoir recedes; emergent

species could move downslope with lake

level.

Par Pond
Changes in species composition of litto

ral-zone plants; acreage could be reduced

Same as No-Action Alternative.

Steel CreekT
C

With 10 cfs flow requirement, scrub -shrub Same as No-Action Alternative during draw

vegetation would becomemore prevalent in down; after drawdown, natural flowswould

stream corridor; willow probably would pre- vary, averaging 10 cfs.

dominate. Over time,hardwood species

would become established in delta , replacing

swamp (cypress-gum ) forest with deciduous

hardwood (oak -elm -sweetgum ) forest.

Lower Three Runs Readjustment of stream and bottomland eco- Same as No-Action Alternative.

systemsassociated with continuation of exist

ing flow requirements

Threatened and Endangered

Species

Bald eagles
Bald eagles nesting at Pen Branch would

continue to forage around L -Lake
Bald eagles nesting at Pen Branch would in

time lose primary foraging habitat (L -Lake)

and could leave area.

S - 8
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Table S -2 . (continued).

Resource No-Action Alternative

Foraging on SRS would continue

Shutdown Alternatives

Wood storks

Wood storks could be exposed to increased

levels of contaminants if L -Lake dropped

rapidly and fish were trapped in small pools

(primarily in spring and summer,whenwood |TC

storks forage on SRS).

Alligators Alligators would continue to be present in

L -Lake
L -Lake alligators would , in time, be dis

placed ; drawdown of L -Lake could result in

loss ofnests, eggs, orhatchlings, depending

on timing and rapidity of drawdown.

OccupationalHealth

1.7 x 10-7
1.7 x 10-7

Radiological - annual prob

ability of fatal cancer to cur

rent involved worker (annual

fatal cancer risk from all

causes is 3.4 x 10-3)

|TC

5.5 x 10-5 5.5 x 10-5 | T
E

TE

Radiological - number of life

time fatal cancers to current

SRS involved workers (16

lifetime fatal cancers from all

causes expected in current

SRS involved worker popula

tion )

2.5 x 10-8
1.4 x 10-6

TC

Nonradiological- annual

probability of fatal cancer to

current SRS involved worker

(annual fatal cancer risk from

all causes is 3.4 x 10-3je

Public Health

3.3 x 10-9 3.5 x 10-9

T
C

Radiological- annual prob

ability of fatal cancer to off

sitemaximally exposed

individual (annual fatal cancer

risk from all causes is

3.4 x 10-3)

5.0 x 10-5 4.9 x 10-5

TC

Radiological - number oflife

timefatal cancers to offsite

population (157,900 lifetime

fatal cancers from all causes

expected in the offsite popu

lation living within 50 miles

of SRS)

None 7.9 x 10-9 TC

Nonradiological- annual

probability offatal cancer to

offsite maximally exposed

individual(annual fatal risk

from all causes is 3.4 x 10-3je

S - 9
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Table S- 2 . (continued).

Resource No-Action Alternative
Shutdown Alternatives

Land Use

Onsite
Site facilities, natural vegetation typeswith

more than 73 percent in forest land

Same as No-Action Alternative

Adjacent land Used mainly for forest,agricultural,and in

dustrial purposes

Same as No-Action Alternative

Aesthetics

TE L -Lake

L12-09

1,000 -acre reservoir with wetlands along

shoreline and abundance of wading birds,

turtles, and some alligators

As L -Lake recedes, dried mud flats would

appear for periodsof time until revegetation

began; could be seen by 1,800 SRS workers

who pass by daily .

Par Pond

SameasNo-Action Alternative

TC

2,640-acre reservoir with wetlands along

shoreline, pine and hardwood forests up

slope; abundance of amphibians, reptiles,

wading birds, and waterfowl (in winter);

water level fluctuateswhile discharge from

Par Pond is controlled .

SRS streams

Same as No-Action Alternative
Narrow streams at headwaters broadening

into wide swampy deltas at Savannah River;

abundanthardwood and wetland vegetation

with variety of wildlife; 10 cfs in Lower

Three Runs and Steel Creek downstream of

dams; natural flow in Fourmile Branch and

Steel Creek above L -Lake; natural flow plus

small cooling water discharges to Indian

Grave Branch /Pen Branch

a .

b .

C.

gpm = gallons per minute; to convert to cubic meters per second, multiply by 0.000063088 .

cfs = cubic feet per second; to convert to cubic meters per second, multiply by 0.028317.

ft = feet; to convert to meters, multiply by 0.3048.

CERCLA = Comprehensive Environmental Response, Compensation , and Liability Act.

Based on fatal cancer incidence in general population of235 per 1,000 and a 70 -year life expectancy.

TE d .

e .
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CHAPTER 1. INTRODUCTION

1.1
Background

The Savannah River Site (SRS) covers ap

proximately 300 square miles (800 square kilo

meters) of land in southwestern South Carolina.

The Site is approximately 25 miles (40 kilome

ters) southeast of Augusta, Georgia, and

20 miles (32 kilometers ) south of Aiken, South

Carolina (See Figure 1-1 ).

DOE also developed the DOE Savannah River TC

Strategic Plan (DOE 1996a) as guidance for

meeting the changingmissions. The Strategic

Plan directs the SRS organizations to identify

excess infrastructure (i.e., items that were once

important parts of the processes with which the

Site accomplished itsmissions) and to develop

action plans for their disposition . As a result of

this process, DOE identified the River Water

System (Figure 1-2) as excess infrastructure.

Until the end of the Cold War, the primary mis

sion of the SRS wasto produce nuclearmateri

als that supported the defense, research , and

medical programs of the United States. The end

of the Cold War and the reduced size of the U.S.

nuclearweapons stockpile have caused a dra

matic reduction in theneed for thenation to

produce defense -related nuclearmaterials. The

U.S. Departmentof Energy's (DOE's) mission

at the SRS now emphasizes cleanup and envi

ronmental restoration .

In 1990 , DOE assessed the impacts of continued

operation of reactors at SRS and alternatives

that would ensure the capability to produce nu

clearmaterials for United States defense and

nondefense programs (DOE 1990). With the

change in mission at SRS, a Supplement Analy

sis for Reactor Transition (DOE 1994a) was

prepared to determine if National Environ

mental Policy Act (NEPA ) documentation to

supplement this environmental impact statement

(EIS ) should be prepared to assess the impacts

ofreactor transition activities including associ

ated facilities. This analysis initiated the NEPA

process for the shutdown of the River Water

System with the Assistant Secretary for Envi

ronmentalManagement directing DOE to pre

pare a Supplemental EIS to fully analyze the

impacts of shutting down the RiverWater Sys

tem and transition and deactivation activities .

Subsequent internal scoping resulted in the rec

ommendation to prepare a standalone EIS for

this action . Sections 1.2 and 1.3 introduce the

Proposed Action and alternatives, respectively .

The U.S. Atomic Energy Commission (AEC ), a

DOE predecessor agency, built the River Water

System to provide secondary cooling water from

the Savannah River to the five production reac

tors at the SRS (C-, K-, L-, P-, and R -Reactors) .

The system pumped water from the river to the

reactor areas, where the water passed through

heat exchangers to absorb heat from the reactor

core. The heated discharge water returned to

the river by way of several onsite streams. In

1958 , the AEC built Par Pond by impounding

Lower Three Runs to provide additional cooling

water to P- and R -Reactors. In 1984, DOE built

L -Lakeby impounding Steel Creek to dissipate

the thermal effluent from L -Reactor. As part of

its 1988 decisions on alternative cooling water

systems,DOE began the construction of a

cooling tower to dissipate the thermaleffluent

from K -Reactor (53 FR 4203-4205). In re

sponse to its 1991 Record of Decision on the

operation of K-, L-, and P -Reactors, DOE ex

pedited and completed the construction of the

cooling tower (56 FR 5584-5587).

TC

The River Water System includes three pump

houses, two on the Savannah River

(Pumphouses 16 and 3G ) and one on Par Pond

(Pumphouse 6G ). Pumphouses 16 and 6G no

longer operate. In addition , Pumphouse 5G and

its piping comprise a separate system to support

the D -Area powerhouse and are not part of this

EIS. Each pumphouse contains 10 pumps;

1-1
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pump capacities vary from 24,000 gallons per

minute (1.5 cubic meters per second) to

32,500 gallons perminute (2.1 cubic meters per

second). Approximately 50 miles

(80 kilometers) of underground concrete piping

can deliver river water from the pumphouses to

the reactor areas. When the reactors were op

erating, the River Water System delivered

174,000 gallons perminute (11.0 cubic meters

per second) to each reactor area. At the time

each reactor was shut down , the areas dis

charged their heated effluents as follows:

TC

In 1995, following completion of the Environ

mental Assessment for the Natural Fluctuation

ofWater Level in Par Pond and Reduced Water

Flow in Steel Creek Below L -Lake at the Savan

nah River Site (DOE 1995a) and its associated

Finding of No SignificantImpact (DOE 1995b),

DOE decided to discharge a minimum flow of

10 cubic feet (0.28 cubic meter) per second to

Lower Three Runs and reduce pumping. The

water level in Par Pond would fluctuate near its

normal operating level of200 feet (61.0 meters )

abovemean sea level butnot go lower than 195

feet (59.4 meters). In addition, DOE decided to

reduce the flow to L -Lake as long as itmain

tained the lake at its normaloperating level of

190 feet (57.9 meters ), and the flow in Steel

Creek downstream of L - Lake did not fall below

10 cubic feet (0.28 cubicmeter ) per second.

These actionswere estimated to reduce annual

pumping costs by $ 930,000 (DOE 1995a ). DOE

also determined thatriver water pumping would

be required to avoid a continual drawdown of

L -Lake to its original “ pre -lake" (Steel Creek)

condition ( Jones and Lamarre 1994).

From K -Reactor to Indian Grave Branch ,

then to Pen Branch and to the Savannah

River

From L-Reactor to L -Lake, then through the

Steel Creek dam to Steel Creek and to the

river

From P -Reactor, recirculate in Par Pond,

then excess through the Par Pond dam to

Lower Three Runs and to the river

From C -Reactor to Castor Creek, then to

Fourmile Branch and to the river

From R -Reactor, recirculate in Par Pond,

then excess through the Par Pond dam to

Lower Three Runs and to the river

TC
Prior to the construction of L -Lake and Par

Pond , the discharges from L-, P-, and

R -Reactors were different from those described

above. These earlier flow paths are described in

Chapter 4.

Currently DOE satisfies these and other minor

system requirements by operating one of the 10

available pumps in Pumphouse 3G . This pump

withdrawsapproximately 28,000 gallons per

minute (1.8 cubic meters per second), which is

approximately 23,000 gallons perminute (1.5

cubic meters per second) more water than is

needed for current system uses. The river water

TC is discharged from K-and L -Areas to Fourmile

Branch, Pen Branch , L -Lake, and the headwa

ters of SteelCreek , respectively .Because the SRS reactors are not operating,

there is no longer a need to provide secondary

coolingwater for the reactors with the exception

TC of somesmall cooling loads in K-and L -Areas.

DOE has taken several steps to save energy and

money by reducing pumping. In 1993, Pum

phouse 16 was placed in layup following the

placement of the only remaining operable reac

tor (K -Reactor) in cold standby, and in 1995,

Pumphouse 6G was deactivated and abandoned.

As a result, the River Water System annual op

eration cost dropped from approximately

$ 26 million in 1994 to $ 11.5 million in 1995 .

As a further energy and cost-saving initiative,

DOE will operate a small 5,000-gallon -per

minute (0.32-cubic -meter-per-second) pump.

The elimination of the 23,000 gallons per min

ute of excess water would save over $ 1 million

in the annual cost of electricity . DOE intends to

install and operate the smallpump in the Spring

of 1997, shortly before or shortly after issuance

of this Final EIS .

TC

Before taking this action , DOE reviewed

Council on
Environmental Quality (CEQ)
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NEPA requirements (40 CFR 1508.4 ) and the

DOENEPA implementing procedures (57 FR

15122-15158 ) and determined that the action of

installing the small pump is categorically ex

cluded from requiring either an Environmental

Assessmentor an EIS . CEQ defines a categori

cal exclusion as an action that does not indi

vidually or cumulatively have a significant

effect on the human environment.

DOE follows a detailed procedure to ensure that

it identifies the appropriate level of NEPA

documentation for its actions. If any of six pre

screening evaluations are negative (e.g., poten

tially affects environmentally sensitive

resources), the project sponsor is required to

complete a detailed Environmental Evaluation

Checklist (EEC ). The EEC includes a detailed

description of the project, identification of the

applicable categorical exclusion (listed in the

DOE NEPA implementing procedures), a NEPA

checklist, and an environmental permits check

list.

October 1995 through September 1996 ). Since

DOE diverted P -Area flow from Par Pond to

Steel Creek, the discharge to Steel Creek

(March through September 1996) has averaged

3,860 gallons perminute (0.24 cubic meter per

second ). In addition , flows from K -Area to Pen

Branch , which haverecently (July through

September 1996 ) averaged approximately

7,400 gallons perminute (0.47 cubicmeter per

second ) (Melendez 1996 ), would be reduced to

no more than 400 gallons per minute

(0.025 cubic meter per second), resulting from

210 gallonsperminute from well-water -cooled

compressors (WSRC 1996a) and 200 gallons

per minute pumped from the RiverWater Sys

tem to K -Area, less about 10 gallons perminute

evaporation (WSRC 1995a). Table 1-1 com

pares 1996 discharge of river water to those that

will occur under operation of the small pump

and those that would occur if DOE shut down

the River Water System .

L10-09

L16-03

DOE applied this process and determined that

installation was an appropriate categorical ex

clusion as categorical exclusion B.5.1, Actions

to conserve energy (57 FR 15122-15158 ).
L10-08

Table 1-1. Discharges of river water to

streams (gallons per minute ).a

Small

Pump

Stream Sept. 96 Operation Shutdown

Steel Creek (headwaters 3,860 0.0 0.0

via P -13)

L -Lake (via L -7) 16,475 4,800

Lower Three Runs 0.0 0.0 0.0

Fourmile Branch (via 265 0.0 0.0

C -04 to Castor Creek )

Pen Branch (via K -18 to 7,400 4000

Indian Grave Branch )

TotalDischarge (gpm ) 28,000 5,200 800

4000

4006

a .

The small pump will supply up to 4,800 gallons

perminute (0.30 cubic meter per second) to

L -Area to maintain its 186 -Basin full (for fire

protection) and overflowing to provideblending

for the L -Area sanitary wastewater discharge,

keep L -Lake at its normal operating level, and

provide a minimum flow of 10 cubic feet

(0.28 cubic meter) per second (approximately

4,500 gallons per minute ) to Steel Creek. Up to

200 gallons per minute (0.013 cubicmeter per

second) would be pumped to K -Area tomain

tain its 186 -Basin full for fire protection. The

small
pumpwould not pumpto C- or P - Areas;

this would eliminate current (November 1996)

C -Area discharges to Fourmile Branch via Cas

tor Creek and P -Area discharges to the headwa

ters of Steel Creek (WSRC 1995a). These flows

vary but C -Area discharges averaged approxi

mately 265 gallons per minute (0.017 cubic

meter per second) during Water Year 1996 (i.e.,

To convert from gallons per minute to cubic meters

per second,multiply by 6.3x10-5 .

Maximum well water discharge.

200 river water, 200 maximum well water discharge.

b .

C.

DOEhas not performed maintenance on the

equipment in Pumphouse 6G since its shutdown

butdoes perform routine surveillance and

maintenance on the equipment in Pumphouse

1G and the piping network . Inspections of the

pipe system reveal infrequent problems that

might require minor repairs and continued pre

1-5
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ventivemaintenance . The consensus is that the

piping is in excellent condition and is likely to

experience minimaldeterioration if DOE shuts

down the piping system and implements a suit

able layup, surveillance, and maintenance proc

ess (WSRC 1996b ).

1.2 Proposed Action

minimal, but this condition would enable DOE

to maintain a greater degree of flexibility .

DOE's Proposed Action, and its Preferred Al

ternative, is to shut down the RiverWater Sys

tem and to place all or portions of the system in

standby. Under this action, DOE could place

portions of the system in a variety of conditions,

such as shutting down and deactivating surplus

portions thatwould notbe capable of restart.

Another example would be the placementof all

or portions of the system in a layup condition to

support potential futuremissions (i.e., DOE

would shut the system down but preserve it so

restartwould be possible ). In the layup condi

tion , DOE could maintain portions of the system

in a higher state ofreadiness, retaining the ca

pability of restarting them in a relatively short

period. Short-term cost savings would be

Under the Preferred Alternative, DOE would

have to develop and implement alternative

sources to provide water for fire protection at K

and L -Reactor and implement an alternative for

elimination of sanitary wastewater treatment

plant discharges from L -Area. The cessation of

river water input to L -Lake would result in the

gradual disappearance of the lake and its rever

sion to the original conditions of Steel Creek .

Unlike the Shut Down and Deactivate Alterna

tive described below , the RiverWater System

TE could be available to serve future DOE needs.

1.3
Alternatives to the Proposed Action

maintain pumps in Pumphouse 3G in opera

tional readiness.

DOE is considering two alternatives to the Pro

posed Action . The first would be to continue

the current operation of the River Water System

(this is also the No- Action
Alternative). Under

this alternative,DOE would use the smallpump

to provide fire protection atK-and L -Reactor

and blending flow for the L -Area sanitary waste

treatment plant effluent. In addition , DOE

would maintain the water level in L -Lake, dis

charge at least 10 cubic feet (0.28 cubic meter)

per second from L -Lake to Steel Creek, and

The second alternativewould be to shut down

and deactivate the River Water System . Asde

scribed above for the Preferred Alternative,

DOE would have to develop and implement al

ternativewater sources, and the cessation of

river water input to L -Lake would result in the

gradual disappearance of the lake and its rever

sion to the original conditions of Steel Creek .

1.4
Associated Actions

In this evaluation of shutting down theRiver

Water System ,DOE considers a number of ac

tions thatmust be
implemented prior to system

shutdown or continued operation with the small

pump. DOE also considers potential future ac

tions that could affect decisions on
appropriate

actions for the River Water System . Although

this EIS does not attempt to make decisions on

alternatives for such actions, it presents a per

spective on how they might affect decisions on

the River Water System . DOE believes that the

actions described in the following paragraphs

are associated with its decisions on the River

Water System .

1-6
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L -Lake Site Evaluation and Remedial Alter

natives Study

TC

DOE has established the process for environ

mental restoration activities at the SRS in ac

cordance with the Federal Facility Agreement

(FFA ). The FFA is an agreementbetween DOE,

the U.S. Environmental Protection Agency

(EPA ) and the South Carolina Department of

Health and EnvironmentalControl (SCDHEC ).

The FFA integrates DOE responsibilities under

the Resource Conservation and Recovery Act

(RCRA) and the Comprehensive Environmental

Response, Compensation , and Liability Act

(CERCLA). Chapter 5 provides detail on the

requirements and compliance status of RCRA ,

CERCLA, and the FFA .

Therefore, DOE mustmake a near-term (1997 )

operational decision on the River Water System

in light of potential future remedial action at TC

L -Lake. Because this potential remedialaction

is not yet ready for consideration, DOE fol

lowed recommendations published by its Office

of NEPA Policy and Assistance (DOE 1993a),

which indicate that DOE should treat such an

action as a connected action with indirect ef

fects. DOE described the cumulative impacts of TC

the Proposed Action and the connected action

(potential remedial actions) but would defer al

ternatives for the connected action until concep

tual alternatives have been defined . If the

remedial actions under the FFA called for the

procedural and documentation requirements of

NEPA , DOE would incorporate NEPA values in

the FFA documents or, after consultation with

stakeholders, could choose to integrate separate

NEPA and FFA processes (DOE 1994a). Fur

ther , DOE would ensure that the near-term de

cisions on the River Water System did not limit

the choice of reasonable alternative remedial

actions under the FFA process (40 CFR 1506.1 ).

TC

In accordance with the FFA, DOE prepared an

internal draft site evaluation report for L -Lake

that contained recommendations on whether

there is a need for further investigation . Surface

sediment samples collected for this evaluation

and analyses to date indicate that cesium -137 is

the primary contaminantof concern . In re

sponse to EPA comments on the Draft EIS,

DOE has canceled plans to issue the Site

Evaluation Report for regulatory review . In

stead, DOE recommends further assessment of

L -Lake under the FFA using the draft site

evaluation as a basis for preparing the assess

ment.

L10-04

L10-10

In accordance with the recommendations de

scribed above (DOE 1993a), this EIS bases the

L10-01 occupational and public health impacts of shut

ting down the River Water System on realistic

exposure conditions. The EIS uses, in part, cur

rent data that are available from the remedial

site evaluation for L -Lake, and this Final EIS

uses an updated data set. Further, the EIS ana

lyzesrealistic exposure conditions for ecologi

cal receptors, the current facility worker (e.g., at

L -Lake), the collocated worker (e.g., in L -Area ),

the hypotheticalmaximally exposed offsite in

dividual, and the offsite population . The EIS

also analyzes reasonably foreseeable future

conditions. Based on the SRS Future Use Re

port (DOE 1996b), such conditions include a

future facility worker (e.g., privatized industry )

and public access for recreation but do not in

clude a future resident.

Atpresent, DOE has revised a preliminary (and

conservative ) risk -based analysis for exposure

scenarios and remediation alternatives; it con

tains approximate costs for the remediation re

quired to reduce risk to prespecified levels (PRC

1996; PRC 1997a,b ,c). Itwas written to provide

the decisionmaker with approximate costs that

may be incurred in the future under various

possible FFA (i.e., CERCLA) remedial options.

Appendix A of this EIS describes the status and

results of this L -Lake alternatives report and de

scribes the process DOE uses to evaluate actu

ally orpotentially contaminated sites at the

SRS.

TC

TC

CERCLA radiological analyses of human health

differ from those used in the EIS; the CERCLA
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analyses report cancermorbidity (incidence ) as

the impact while the EIS estimates latent cancer

fatalities. The CERCLA analysis uses inges

tion , inhalation , and external exposure slope

factors (PRC 1996 ) to estimate morbidity risk .

Themore traditional EIS approach calculates a

committed effective dose equivalent from expo

sure to contaminated soil and multiplies this

value by a dose-to -risk cancer mortality con

version factor from the International Commis

sion on RadiologicalProtection (ICRP 1991).

Further, impacts described in the EIS account

for radioactive decay of the constituents over

the exposure period. By not allowing for decay,

the CERCLA analysis would overestimate risk .

eration under theNo-Action Alternative would

be less than those that occurred in 1996 in

Fourmile Branch , Pen Branch , and the headwa

ters of Steel Creek ; discharges to Lower Three

Runs and Steel Creek at their damswould con

tinue at 10 cubic feet (0.28 cubic meter) per

second (4,500 gallons per minute). The extent

of the reduction in Fourmile Branch , Pen

Branch , and theheadwaters of Steel Creek

would be independentof the alternative DOE

decided to implement. Onsite streamswould

approach natural flow conditions; operation of

the small pump would keep L -Lake at its normal

water level.

TC
TC Water Requirements for Alternatives

RemedialAction Process for Onsite Streams

L12-03

This action is not associated with the Proposed

Action to shut down the River Water System .

Rather , it is associated with operation of the

small pump, which is part of the baseline in the

No-Action Alternative. Steel Creek, Fourmile

Branch , Pen Branch,Lower Three Runs, and Par

Pond are on theRCRAICERCLA Units List and

will receive future evaluation and potential re

medial actions under the requirements of the

FFA. FFA ProjectManagers at EPA and

SCDHEC have expressed concern about effects

on these units due to actionson the River Water

System . Basically , flows due to small pump op

Under the No-Action Alternative a combination

of groundwater and river water from the small

pump is required to supply the entire auxiliary

equipment cooling water demand, sanitary

waste water, fire protection, andmaintenance of

L -Lake levels. For the shutdown alternatives,

DOE would need additional groundwater sup

plies to replace those thatwould be provided by

the small pump underNo Action . Table 1-2

presents a list of those requirements.

Air conditioning cooling water requirements for

K-and L-Area are 1,510 gallons per minute

(0.095 cubicmeter per second ) and 1,490

Table 1-2. Water requirements for No-Action and shutdown alternatives.

No-Action: No-Action :
Shutdown :

River Water Groundwater Groundwater

Purpose for water Demand (gpm )
Demand (gpm ) Demand (gpm )L -Area

186 -Basin Fire Protection Water

200
0 200

Auxiliary Equipment Cooling

0
1902 190Sanitary Waste Water Blending

83
0LakeLevel and Steel Creek Flow Maintenance

4,5170
0 0

K -Area

186 -Basin Fire Protection Water

200
0Auxiliary Equipment Cooling

0
210 210

Total

5,000 400
800

Although not required for the No-Action Alternative,DOE switched this cooling water requirement from river

water to groundwater.

b . Replaced by septic tank and tile field in the shutdown alternatives.

Total outflow to L -Lake is 4,800 gpm .

06L12-03

200

a .

C.
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gallons perminute (0.094 cubic meter per sec

ond), respectively (WSRC 1996a). The 4,800

gallonsperminute (0.30 cubic meter per sec

ond) thatwill be pumped to L -Area by the small

pump and eventually released to L -Lake is suf

ficient to provide all L -Area cooling water re

quirements .

TC

In relation to the first concern , calculations

confirm that blending flow is not required at

K - Area outfall (Huffines 1996a). DOEhas also

resolved the other two concerns with SCDHEC .

DOE would notneed to modify permit require

|TE
ments or alter discharge paths if it moved the

outfall to a location that would enable continu

oussampling. Because there would be no dis

charge to the receiving stream except during

storm events,DOE would address stormwater

flows in the existing Stormwater General Permit

(Smith 1996 ) .| F
C

TC

As a cost- saving initiative, DOE eliminated the

1,300 gallons-per-minute (0.082 cubic-meter- TC

per-second) load for air conditioning in each

area by replacing the original water -cooled sys

tem with an air -cooled system . This action re

duces the K-and L -Area demands to

210 gallons perminute (0.013 cubic meter per

second) and 190 gallons per minute (0.012 cubic

meter per second), respectively . Groundwater

would be used to supply the 400 -gallon -per

minute (0.025 cubic meters per second) demand

for auxiliary equipment cooling. Therefore ,be

fore operation of the small pump, DOE provided

well water to meet current requirements .

TC

TC

TE

Small sanitary wastewater treatment plants in

K-, L-, and P -Areas discharge through National

Pollutant Discharge Elimination System

(NPDES)-permitted outfalls to Indian Grave

Branch, L -Lake, and the headwaters of Steel

Creek , respectively . The associated action is to

resolve compliance issues, if any, thatwould

occur if DOE stopped pumping riverwater due

to a decision to implement a shutdown alterna

tive.

Calculations (Huffines 1996b ) indicate that the ITC

effluent from the L -Area Sanitary Wastewater

Treatment Plantwould notmeet SCDHEC stan

dards for water quality without blending from

other area effluents, such as river water flows.

Under the No-Action Alternative, DOE requires

83 gallons perminute (0.0052 cubic meters per

second) blending water through operation of the

small pump (Huffines 1996b). Under a shut

down alternative, DOE would need an alterna

tive method to meet SCDHEC standards for

water quality . A recent DOE study presents

three options (septic tanks and tile field , spray

fields, and tying into the existing central sys

tem ) and approximate costs for treating the

L - Area sanitary wastewater (Huffines 1996b ).

DOE includes these possible cost impacts in

Section 4.1.2 to enable a determination of the

effect of those options on decisions about the

River Water System .

TE

TC

TCThe P-Area sanitary wastewater plantwas deac

tivated in November 1996 ,which eliminates its

discharge. Because it is a package unit, it is

beingmaintained for potential use at another lo

cation (Dukes 1997). The wastewater discharge

from K -Area presents three potential concerns:

TC

1. The elimination of river water pumping

would affect permit limits due to loss of

blending credit.

Finally ,DOE uses the 25-million-gallon

(95,000 -cubic-meter) 186 -Basins in K-and L

Area as a long-term fire protection water supply

source. In L - Area, a 4,800 gallon -per -minute

(0.30 cubic -meter-per -second) overflow is

maintained from the 186 -Basin , which eventu

ally discharges from NPDES permitted outfall

L -07 to L -Lake. In K -Area, the 186 -Basin is

operated as a retention basin with no pumped

withdrawal ofwater;however, the estimated

latent water loss rate from the K -Area 186

Basin (evaporation and drain gate valve leak

age) is about 110 gallons perminute

(0.0069 cubic meter per second). To provide a

liberalmargin due to uncertainty in leakage,

|TC

2. The effluent would not flow as far as the

sampling point.

3. The effluentwould not reach the intended

receiving stream

1-9
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DOE provides 200 gallons per minute

( 0.013 cubic meter per second) of river water to

the K -Area 186 -Basin . This water loss rate

would also apply to the L -Area 186 -Basin if

TC DOE selects a shutdown alternative. The ca

pability to supply up to 400 gallons perminute

TC (0.025 cubicmeter per second) of alternative

make-up water for fire protection must exist

concurrent with the shutdown of the River Wa

ter System . DOE has determined that this

make-up capacity could be provided by the ex

isting K- and L -Area wellwater system .

TC

In March 1995 DOE advertised the availability

of the reactor 186 -Basins for commercialuse.

Several fish farming projects were solicited by

the advertisement and, in one case, DOE was

requested to provideassurance that secondary

infrastructure would be available if investors

funded use of the C -Area 186 -Basin (Krist

1995). This projectwould require makeup wa

ter which could be supplied by river water or

wellwater. Later that year, DOE accepted a

fish farming proposal from a business partner

ship that would rely on make-up water supplied

by the two C -Area deep wells (not the river

water supply system ). However, the partnership

later made a business decision not to pursue the

farming project and withdrew its proposal. No

alternative uses of the reactor 186 -Basinsare

currently planned byDOE .

Reactor 186 -Basins Alternative Uses Study

In 1994, DOE studied the feasibility of using the

SRS C-, L-, P-, and R -Reactor 186 -Basins and

Tc 904-Retention Basins for aquacultural purposes

(WSRC 1994a). This study indicated that rais

ing hybrid striped bass or Australian crayfish

would be feasible and potentially profitable al

ternative uses for the 186 -Basins.
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CHAPTER 2. PURPOSE AND NEED FOR ACTION

The Federal governmentbuilt the RiverWater

System at the Savannah River Site (SRS) near

Aiken , South Carolina, during the 1950s. Dur

ing the timewhen the primary mission of the

Site was to produce defense nuclear materials

such as tritium for use in weapons, themission

of the River Water System was to provide

cooling water to the SRS production reactors.

Over the past several years, the SRS mission has

changed. Themission at the SRS now empha

sizes (1) the safemanagementof radioactive

materials such as spent nuclear fuel for which it

is responsible until the U.S. Department ofEn

ergy (DOE) can dispose of them safely and (2 )

the cleanup and environmental restoration of ar

eas affected bymore than 40 years of nuclear

and industrial activity .

In the future DOE probably will receive less

funding than in past years, and so must deter

mine themost effective and responsible use of

its funds. The DOE Savannah River Stategic

Plan (DOE 1996a) describes the changingmis

sion, vision, and values atthe SRS. In the plan,

DOE commits to identify and dispose of excess

infrastucture (itemsthat once were part of the

processes with which the Site accomplished its

originalmission but that have limited value for

current Site missions). To that end, the De

partment has identified the River Water System

as infrastructure that is both surplusand costly

to operate and maintain . In 1993, for example,

repairs to the Par Pond dam costmore than

$ 10 million . Future costs will increase as

equipment reliability decreases and replacement

parts becomemore difficult to obtain .

TC

TC

In March 1993 DOE placed K -Reactor, the last

of the operating SRS production reactors, in a

standby condition . In December 1995 Secretary

of Energy O'Leary announced the Department's

decisions on alternatives proposed for the pro

duction of tritium (60 FR 63878). Because

these decisions did not involve the use of K

Reactor, DOE made an administrative decision

to place it in a state of cold shutdown with no

provision for future restart. In otherwords,

from the perspective of having to supply cooling

water to the reactors, there is no longer a mis

sion for the River Water System .

Therefore , in a climate ofdecreasing funding

for SRSmissions,DOEmust determine if it

should continue to operate a system thathasno

currentmission and that will becomemore ex

pensive to operate as timepasses. This envi

ronmental impact statement analyzes the

impacts of the proposed shutdown of the River

Water System . DOE proposes to perform the

shutdown to savemoney; that is, to prevent

further expenditures of funds to operate a sys

tem thathas no currentmission .
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CHAPTER 3. PROPOSED ACTION AND ALTERNATIVES

The regulations of the Council on Environ

mental Quality (CEQ; 40 CFR 1500-1508) di

rect Federal agencies to use the process

established by the National EnvironmentalPol

icy Act (NEPA ) to identify and assess reason

able alternatives to proposed actions thatwould

avoid orminimize adverse effects on the quality

of the human environment (40 CFR 1500.2 ( e) ].

This chapter describes the No-Action Alterna

tive and two other alternatives that span the

range of reasonable alternatives for the shut

down ofthe River Water System at the Savan

nah River Site (SRS).

pump river water to L -Lake, Par Pond, or to

other current or future potential users of the

system . Par Pond is expected to maintain a

water level greater than 195 feet (59.4 me

ters) above mean sea level, and Lower

Three Runs would receive minimum dis

charge of 10 cubic feet (0.28 cubic meter)

per second. No surveillance ormaintenance

of the pump and piping system would be

performed. The only water input both lakes

would receive would come from natural re

charge from the environment. Thewater

levelof L -Lake would fall to the original

conditions of Steel Creek . Section 3.2 con

tains a more detailed discussion of this al

ternative .

TE

| 1
0

TC

No Action - The U.S. Department of En

ergy (DOE)would continue its present

course ofaction ,which it established

through theNEPA process during the prepa

ration of the environmental assessment (EA)

and Finding ofNo Significant Impact for

Natural Fluctuation ofWater Level in Par

Pond and Reduced Water Flow in Steel

Creek Below L -Lake at the Savannah River

Site (DOE 1995a,b ). Using the small pump

described in Chapter 1 ,DOE would con

tinue to pump water from the Savannah

River to provide fire protection at K-and

L -Reactors and blend flow into L -Area

Sanitary Waste Plant effluent. In addition,

DOE would pump water to L -Lake to

maintain its full pool [190 feet (57.9 meters)

above mean sea level]. DOE would also

retain the capability to pump riverwater to

Par Pond to prevent water levels from fal

ling below 195 feet (59.4 meters) above

mean sea level and to ensure that Steel

Creek and Lower Three Runs received dis

charges no less than 10 cubic feet (0.28 cu

bic meter)per second. Section 3.1 contains

a more detailed discussion of this alterna

tive .

ShutDown and Maintain the River Water

System – This is DOE’s Proposed Action

and Preferred Alternative. DOE would

maintain the River Water System in a

standby condition, which would include the

ability to restart the system if environmental

degradation /remediation or other future

conditions or missions dictated such a need .

With the exception of one layup schemede

scribed in Section 3.3.2 , L -Lake would

subside to the original Steel Creek condi

tions. Par Pond would still be maintained at

195 to 200 feet (59.4 to 61.0 meters) above

mean sea level, and flow in Lower Three

Runs would be maintained at 10 cubic feet

(0.28 cubicmeter ) per second. The remain

ing streamswould receive natural flows

from their respective watersheds. Section

3.3 contains a more detailed discussion of

this alternative.

TE

The information that DOE used to develop spe

cific actions that would be involved in imple

menting the alternatives consisted of:

.
Shut Down and Deactivate the River Water

System – DOE would shut down and deac

tivate the River Water System and place it

in a secure, environmentally satisfactory

condition . Thismeans thatDOE could not

Engineering studies that examined the ef

fects of the shutdown of the River Water

System on system structures, equipment,

and piping, and the costs associated with a

range of layup options

TE
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O Extensive analyses of aerial radiological

surveys, radiological sampling of the sedi

ments on the surface of the L -Lake lakebed,

and deeper core sampling of the L- Lake

lakebed

the basis ofboth cost and uncertainty that Par

Pond would have sufficient supply to maintain

L -Lake and Par Pond levels . These alternatives

are not consistent with theneed for DOE action

(i.e., to reduce costs by shutting down the River

Water System ). Maintaining permanent water

level in L -Lake would require the use of the

River Water System .

Human health and ecologicaldocumenta

tion from the early 1990s through 1996

Studies ofwater and sediment chemistry,

transport properties, effects of fluctuating

water levels, fish communities, and vegeta

tion

Geological and hydrological studies of

L -Lake, Par Pond, and the onsite streams

conducted primarily in the 1990s

NEPA and Comprehensive Environmental

Response, Compensation and Liability Act

(CERCLA ) documentation for Par Pond and

L -Lake

TE

DOE also recognizes that there are potential

future uses of the River Water System . How

ever, water requirements are not part of the

scope or alternatives in this environmental im

pact statement (EIS ) butwould be examined in

the NEPA review of the project or projects that

would use the River Water System .

DOE also eliminated an alternative thatwould

have used the River Water System to pumpto

Par Pond to maintain nutrient inputs to the eco

system and to minimize exposures to contami

nated sediments . The extent of lakebed

contamination in Par Pond is well documented

[ about two -thirds of the contaminated sediments

in the lakebed are below the 189-foot (57.6

meter) level], and environmental impacts would

occur if the lake level fell below 195 feet

(59.4 meters) above mean sea level (DOE

1995a). However, studies and analyses con

ducted from 1991 to 1996 indicate that the lake

would fluctuate butmaintain its level well

above 195 feet (59.4 meters ) abovemean sea

level (Gladden 1996 ). The continuation of

pumping to Par Pond was part of the No-Action

Alternative that DOE described in the Par Pond

EA (DOE 1995a). In August 1995, DOE im

plemented theproposed action described in the

EA,which evaluated the impacts as a result of

TC natural fluctuation of the water level in Par

Pond,and issued a Finding ofNo Significant

Impact (DOE 1995b ). Since January 1996 ,

when DOE shut off the River Water System to

Par Pond, the lake levelhas not fallen below the

199-foot (60.7 -meter) level (Kirby 1996 , 1997) .

DOE eliminated several alternatives from the

River Water System analysis as unreasonable ,

including options to maintain the surface of L

Lake at an intermediate level thatwould pro

mote natural fluctuation. Another option was

pumping of water from Par Pond through exist

ing piping to P -Reactor and into L -Lake through

Steel Creek . DOE eliminated this alternative on

3.1 No -Action Alternative

As described above, the No-Action Alternative

calls for DOE to continue the course of action it

established as the result ofan earlier NEPA

evaluation , the Environmental Assessment for

the Natural Fluctuation of Water Level in Par

Pond and Reduced Water Flow in Steel Creek

Below L -Lake at the Savannah River Site (DOE

1995a,b ). The proposed action in that EA was

to examine the need for continuing the operation

ofthe River Water System by ( 1) developing

data needed to evaluate potential environmental

impacts of a further reduction or elimination of

flow demands from the system and

(2) evaluating the potential of reducing operat

ing costs by allowing the water level in Par

Pond to fluctuate with reduced pumping. The

proposed action in the environmentalassess

ment also included a reduction of flow rates
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from L -Lake to Steel Creek to natural stream

flowswhile maintaining a full pool. In its

Finding of No Significant Impact,DOE deter

mined that, based on the information and analy

ses in the EA, the proposed action did not

constitute a major Federal action that would

significantly affect the quality of the human

environment within themeaning ofNEPA.

to K- and L -Reactors through their respective

186 -Basins by way of 12 miles (19 kilometers)

ofunderground concrete piping. In L -Area , out

fall water from the reactor flows to L -Lake

(WSRC 1996b ). No Action in this EIS means

that the River Water System would continue to

pump an average of 5,000 gallonsper minute

(0.32 cubic meter per second ) and that DOE

would maintain L -Lake at full pool [i.e., 190

feet (57.9 meters ) abovemean sea level].

TE

3.1.2 SRS STREAMS

Atpresent, the River Water System requires a

staff of 7.8 full-timeequivalentpersonnel and a

visual security inspection once a day, and re

quires routine dredging of the intake canal from

the Savannah River (Proveaux 1996 ). As indi

cated in Chapter 1, to save money (over

$ 1 million per year) and energy, DOE will pur

chase a small pump (approximately

5,000 gallons per minute (0.32 cubic meterper

second)] to supply the currentdemand for river

water. Asdetailed in Chapter 1 ,DOE assumed

the use ofthis new pump, rather than one of the

existing large pumps, in the evaluation of this

No-Action Alternative. DOE will provide

measures to minimize current use of the River

Water System . In K- and L -Areas,DOE has

replaced river-water -cooled air conditioning

chillers with air-cooled systemsand river water

with well water for cooling air compressors.

The operation of the system using the small

pump described above would entail the follow

ing annual costs (WSRC 1996c) :

Under theNo-Action Alternative, reduced flow

rates [i.e., no less than 10 cubic feet (0.28 cubic

meter ) per second] below the L -Lake and Par

Pond damswould continue. In addition , the

River Water System would continue to supply

river water to loads in K-and L -Reactors.

These loads includemake-up water for fire

protection in K- and L -Area basins and for

blending of L -Area sanitary wastewater dis

charges. Flows from K-and L -Areas would

continue to discharge to Indian Grave Branch

and Pen Branch , and L -Lake and SteelCreek,

respectively.TC

3.1.3 PAR POND

Item

System maintenance

Dam (Par Pond and

L -Lake) maintenance

Energy

Total

Cost

$ 1,084,000

520,000

494,000

$ 2,098,000

Under theNo-Action Alternative, DOE would

not pumpriver water to Par Pond, and the lake

level would fluctuate near full pool [200 feet

(61.0 meters) abovemean sea level]. DOE has

committed to a post-refill monitoring program

that establishes threshold levels for the determi

nation of impacts due to changes in hydrology

(reservoir fluctuation performance), water qual

ity , sediment contaminants, shore-zonemacro

phyte community , and fish populations as the

reservoir water level fluctuates and the lake

changesdue to the lack of river water input

(DOE 1995a). If any of these parameters ex

ceeded established threshold levels, DOE would

use the River Water System to pumpwater into

the reservoir to an appropriate level greater than

195 feet (59.4 meters) abovemean sea level to

minimize impacts .

3.1.1 L -LAKE

Under the No-Action Alternative, the River

Water System would continue to pump an aver

age of 5,000 gallons perminute (0.32 cubic

meter per second) and would supply river water
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3.2 Shut Down and Deactivate the River Water System

This alternative would have two distinct phases:

shutdown and deactivation . During the shut

down phase , DOEwould perform the following

activities:

Secure River Water System facilities in C-,

K-, L ,- and P -Areas and the associated pip

ing for personnel safety

TC • Secure Pumphouse 3G intake lines to pre

vent intrusion of water from the Savannah

River

TE • Perform pumphouse cleanup activities nec

essary to satisfy concerns aboutreleases of

petroleum products or other chemicals that

could affect the environment

would be operable in the future. After the lake

recedes, DOE would either breach the dam or

TE take other actions to ensure unobstructed flow at

a cost in addition to those shown above to en

able original stream flow conditions through the

area with no further dam maintenance costs.

This alternative would discontinue River Water

System fire protection support for K- and

L -Reactors. Thismake- up capacity would be

provided by the existing K-and L -Area well

water systems.

3.2.1 L -LAKE

Leave the equipment in Pumphouse 3G with

moving parts in the positions least suscep

tible to degradation

Keep the L -LakeDam intact with the outlet

gates set to provide no less than 10 cubic

feet (0.28 cubic meter) per second until the

lake drained to the original natural flow of

SteelCreek

Under the ShutDown and Deactivate Alterna

tive, DOE would shut down the River Water

System , thereby pumping no water to L -Lake.

The only water the lake would receive would be

Te through natural recharge. L -Lake would recede

over approximately 10 years (Jones and

Lamarre 1994 ), returning to the original stream

flow conditions of Steel Creek . During this

drawdown period,DOE would apply appropri

ate measures to minimize adverse effects ofex

posed sediments in the lakebed such as the

following:
The following costs would be associated with

the shutdown phase (Jones 1996a; Jones 1997a ;

WSRC 1996b ):

Plant
grass seed in exposed sediments to

minimize the effects of erosion and expo

sure of contaminants in the lakebed
Item

System shutdown (one-time cost)

Cost

$ 200,000

520,000

85,000

Annual dam maintenance

TC Annual labor (one full-time equivalent

person to handleminor maintenance)

Annual energy

TC Total annual cost

TC

20,000

$625,000

Revegetate the upland areas with tree spe

cies by natural seeding and hand planting, if

necessary

Apply appropriate vegetation measures to

accelerate the reversion of the lake to the

original conditions of the SteelCreek

floodplain

Seed the upstream face of the dam and tie it

into the embankment after the lake level

drops below the top portion of the dam ,

which is protected by riprap

DOE would complete the deactivation phase

after the River Water System was completely

through the shutdown phase and L -Lake had

drained to the original condition of Steel Creek .

DOE would limit surveillance ormaintenance to

Par Pond and would assume thatno equipment
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Additional actions concerning the future dis

position of the dam would be subject to the ap

propriate level ofNEPA review .

TC

In addition , DOE would keep the outflow gates

set to allow water to flow gradually to Steel

Creek below the dam . During L -Lake draw

down, DOE would control the rate of drawdown

to the extent possible by adjusting the outflow

gates whilemaintaining 10 cubic feet

(0.28 cubic meters) per second flow to Steel

Creek . DOE would minimize drawdown of the

lake during fall and winter months when the

growth of stabilizing ground cover would be

minimal. DOE may elect to drawdown L -Lake

more quickly during the times when the reced

ingwater would expose steep banks that would

be subject to erosion by wave action or when

rapid natural growth of vegetation is assured .

Natural Steel Creek flow is estimated to average TE

10 cubic feet (0.28 cubic meter ) per second.

This flow could not be augmented during low

flow years.

TC

3.2.2 SRS STREAMS

Under the ShutDown and Deactivate Alterna

tive, DOE would shut down the River Water

System , thereby supplying no river water to

Steel Creek, Lower Three Runs, and other onsite

streams. L -Lakewould revert to stream condi

tions, but both Steel Creek and Lower Three

Runs would receive flows which could
support a

diverse and biologically balanced fish commu

nity (WSRC 1993).

During the period of L -Lake drawdown, DOE

would take advantage of various research oppor

tunities enabled by the transition of L -Lake

from a lake system to its original stream ecosys

tem .

3.2.3 PAR POND

After Steel Creek reached its original flow

conditions, DOE would either breach the dam or

take the necessary actions to ensure continuous

unobstructed flow through the existing outflow

structure. The actions taken on the dam after

L -Lake recedes would not occur in the near term

(expected to be approximately 10 years after

shutdown). Therefore, DOE considers this a

connected action and does not evaluate the ef

fects of alternative actions for the dam .

Under the Shut Down and Deactivate Alterna

tive , DOE would notpumpwater to Par Pond.

Theonly water the lake would receive would be

through natural recharge . Because the River

Water System would not be operating,man

made recharge would not be possible if the lake

level fell below 195 feet (59.4 meters) above

mean sea level.

TC

3.3 Proposed Action - Shut Down and Maintain the River Water System

down, lay up all or portions ofthe system , and

maintain some portions in a standby condition

that would enable restart.

Sections 3.1 and 3.2 describe the bounds of rea

sonable alternatives. Under the No-Action Al

ternative ,DOE would continue the current

operation of the River Water System . Under the

other bound, Shut Down and Deactivate , DOE

would shut down and eventually abandon the

system and would provide no surveillance and

maintenance except that required to ensure

safety and to avoid environmental releases of

petroleum products or other chemicals. The

DOE Proposed Action and Preferred Alterna

tive, ShutDown andMaintain , is amiddle

ground under which DOE would shut the system

As indicated in Section 3.2.1 , the cessation of

riverwater inputto L -Lake is likely to result in

a gradualdrawdown of the lake and its reversion

to the original conditionsof Steel Creek. Dur

ing the drawdown period (about 10 years),DOE

would apply measures to ensure that it could

refill L -Lake safely and would apply themeas

ures described in Section 3.2.1 to minimize ad

verse effects of exposed sediments in the

TC
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TC

lakebed. DOE also would apply themeasures

described in Section 3.2.1 to control the rate of

drawdown under this alternative. DOE could

restart the system temporarily to eliminate

drawdown during periods of slow regrowth .

This alternative would require another water

supply for fire protection. Thismake-up capac

ity would be provided by the existing K-and

L -Area well water system .

Three examples of restarting the River Water

System are presented below . DOE does not

wish to imply that it expects to actually need to

L10-05 restart the system for the situations presented

but has selected them to cover a range of actions

thatmaintenance in standby would support i.e.,

pump to L -Lake, Par Pond, or a new facility ).

3.3.1.1 Pump to Par Pond

A decision to implement the Proposed Action

would require a corresponding decision on the

type of layup that DOE would implement. For

example, DOE could maintain the system in a

way that enabled startup in a short period of

time, or ( at significantly less cost) it could shut

down the system to the extent that it would take

a long timeto return the system to an operable

condition . The following subsections contain

examples of potential events that could lead to a

decision to restart the River Water System if

DOE selected and implemented the Proposed

Action and layup schemes ranging from a high

state of readiness (almost immediate startup

with high annual surveillance and maintenance

costs) to minimalsurveillance and maintenance

(requiring a long time period and significant ex

pense to bring the system to operational readi

ness ).

L10-05 Until final CERCLA remedial actions are de

termined and implemented, DOE would pump

river water into Par Pond to bring the lake back

to an appropriate level greater than 195 feet

(59.4 meters) above mean sea level if any

monitored parameter exceeded established

threshold levels . DOE believes that the likeli

hood of exceedances or the lake level falling

below 195 feet (59.4 meters) is very low . DOE

used 10 years of rainfall data and applied a

simulation model to estimate changes in the Par

Pond water level, basing its estimates on natural

surface water and groundwater inflows (i.e., no

pumping) and a discharge of 5,000 gallons per

minute (0.32 cubicmeter per second), which is

slightly greater than the required 10 cubic feet

(0.28 cubic meter) per second to Lower Three

Runs. DOE based its determination that the

10 - cubic-foot-per-second discharge rate was ap

propriate on discharge/habitat relationships

predicted by an instream flow model and infor

mation on fish assemblage structure. DOE be

lieves that Par Pond would not fall below the

195 foot level unless there was a catastrophic

drought thatwould affect water quality in other

regional lakes and streams. Based on the 10

year record and the simulation model, this

analysis predicted that thewater level would be

above 198.4 feet (60.5 meters) 75 percent of the

time and the lowest levelwould be 196.6 feet

(59.9 meters ) (Gladden 1996a). Based on gaged

data in calendar year 1996 , the lowest daily lake

level was 199.21 feet (61meters) (Kirby 1997).

Nevertheless, DOE prefers to maintain the River

Water System after shutdown and, if necessary ,

it would restart the system ,pumpto Par Pond,

and bring the water level to an appropriate level

above 195 feet (60 meters).

3.3.1 POTENTIAL DECISIONS TO

RESTART THE RIVER WATER SYSTEM

L9-07

DOE would shut down the River Water System ,

lay up all portionsofthe system , and maintain

those portions in a standby condition that would

enable restart. This status would continue until

DOE was sure thatmaintenance in standby was

unnecessary. DOE proposes to maintain the

system because there could be future needs that

require large quantities ofwater ,making there

start of the system a feasible option . Should

DOE determine in the future that it no longer

desires tomaintain the River Water System in a

standby condition ,DOE would issue a Record

ofDecision based on this EIS and deactivate the

system .

L9-07
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Under the Proposed Action ,DOE could bring

the water level back to an appropriate level

above 195 feet (59.4 meters) abovemean sea

level by restarting the River Water System .

This would require restart of at least one of the

large system pumps. A layup option requiring a

short time to resumepumping would be pre

ferred . Otherwise , DOE would initiate system

restart before a monitored parameter exceeded

an established threshold level [i.e., if it observed

that drought conditions would be likely to per

sist and the lake levelwas approaching the

lower bounding limit of 195 feet (59.4 meters)].

provide. For example, in the Tritium Supply

andRecycling Programmatic EIS ,DOE evalu

ated an alternative which would produce tritium

in an accelerator. In the associated Record of

Decision, DOE announced its intention to pur

sue a dual track involving the two most promis

ing tritium supply alternatives : (1 ) an existing

or partially complete commercial reactor and

(2) accelerator production of tritium . The Rec

ord of Decision also selected the SRS as the lo

cation for an accelerator, ifDOE decides to

build one. By 1998, DOE will select the pri

mary source of tritium and thereafter will de

velop the other alternative as a backup tritium

source, if feasible (60 FR 63878-63891).
3.3.1.2 Refill L - Lake

T
E

TC
TC

TC

In accordance with the Federal Facility Agree

ment (FFA ) between DOE, the U.S. Environ

mental Protection Agency (EPA ) and the South

Carolina Department of Health and Environ

mental Control (EPA 1993a), DOE has prepared TC

an internal draft remedial site evaluation report

for L -Lake. The report contains recommenda

tions on the need for further investigation of the

lake under the FFA. In the unlikely event that

the decision under the FFA process included

refilling the lake to an appropriate level,DOE

would then restart the River Water System to

refill L -Lake. The time required to restart the

system would notbe critical, but this decision

would require a substantial quantity of water .

For example, using two 25,000-gallon-per

minute (1.6 - cubic-meter -per-second) pumps to

fill an empty L -Lake to its normal pool while

continuing to release 10 cubic feet (0.28 cubic

meter) per second to Steel Creek would take ap

proximately 4months. After refilling the lake,

DOE would run the smallpump (approximately

5,000 gallons perminute (0.32 cubic meter per

second)] continuously to maintain the lake level

and downstream releases.

DOE plans to prepare project-level EISs for

these potential projects (see Notice of Intent,

Accelerator Production of Tritium at the Savan

nah River Site Environmental Impact Statement,

60 FR 46787-46790). The optimum use of the

River Water System , if any, would be part of the

project design for an accelerator. At present,

three of the plans for supplying cooling water to

an accelerator involve the use of the system .

The preferred plan would use the pumphouse ,

two replacementpumps, and an existing distri

bution line to getas close as possible to the

project site, and then would construct a smaller

pipe to carry make-up water to recirculating

cooling towers at the accelerator (preliminary

calculations indicate that approximately 6,000

gallonsper minute (0.38 cubic meter per sec

ond) ofmake-up water would supply the peak

demand] (WSRC 1996d). The second plan

would use the existing pumphouse, pumps, and

distribution system , then would construct a new ,

large -diameter pipe to carry water to once

through heat exchangers at the accelerator

(preliminary calculations indicate that this alter

native would require approximately 125,000

gallonsper minute ( 7.9 cubic meters per sec

ond)]. The third option would use the

K -Reactor cooling tower and portions of River

Water System piping.

3.3.1.3 Support New Missions

Although the current SRS mission emphasis is

cleanup and environmental restoration, DOE

could initiate new defense -related, industrial,or

other missions thatwould require large quanti

ties ofwater that the River Water System could

Shutting down and maintaining the RiverWater

System could preserve its availability for such

new missions as the accelerator project. The
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second plan described abovewould necessitate a

farmore extensive restart mission . Neverthe

less, DOE could accomplish the required up

grades and replacements over an extended

period of time (30 months), and the system

12-01 would be available when the accelerator project

was ready to use the cooling water supply .

TC

TC| 3.3.2 LAYUP OPTIONS

RiverWater System operations personnel pre

Te pared cost estimates for the potential shutdown

and restart of the system for several combina

tions of restart reliability (high risk /low reli

ability versus low risk /high reliability ), layup

schemes (pipes full using the small 5,000

gallon -per-minute (0.32-cubic-meter-per

second) pump versuspipes full using a still

smaller jockey pump versus dry pipe ), and lev

els of operational readiness (restart within 1, 6 ,

12, and 30months) (WSRC 1996c). From these

combinations, DOE selected options thatwere

reasonable for its Preferred Alternative, Shut

Down and Maintain .

ect plans for the layup and restart options,

they are only preliminary estimates of prob

able cost. However, because DOE used a

consistent setof assumptions to develop the

costs for each option , they provide a reason

able basis for comparison .

Costs are in 1996 dollars without an escala

tion or discountrate . The restart costs as

sume that the River Water System would be

shutdown for 3 to 5 years before DOE de

cided to restore or restart it . As the

shutdown time lengthened , replacement

costs would increase .

TC . In the base case, all layup schemes would

maintain two large pumps with a combined

capacity of 50,000 gallons per minute (3.2

cubic meters per second ), and would per

manently shut down the water line to

R -Area and would notbring it back up.

These layup schemes would not support the

demand for the once- through heat exchang

ers at the accelerator, and the R -Area line is

the line DOE would use for either river wa

ter alternative for the accelerator. There

fore, the base case estimates do not serve as

a guide for the accelerator examples. As

stated above, the optimum use of the River

Water System , if any,would be partof the

project design for the accelerator.

Asstated above, the optimum use of the

River Water System , if any,would be part

ofthe projectdesign for the accelerator.

However, DOE has estimated the additional

cost formaintaining the water line to R

Area to support the preferred recirculating

cooling tower plan or the once -through heat

exchanger plan . It has also estimated the

additional cost ofmaintaining eight large

pumps thatwould supply river water to the

once-through heat exchangers.

With the wet layup schemes (small 5,000

gallon-per-minute pump or jockey pump),

excess water above thatneeded to keep the

system pressurized will be discharged to an

appropriate outfall. The small pump layup

scheme could maintain L -Lake at its normal

operating level [190 feet (58 meters) ]. Dis

DOE eliminated high risk/low reliability be

cause it would wantassurance ofrestart capa

bility if it decided to restart the system . The

three layup schemes are reasonable, but they

vary in cost and the operational readiness they

could support. For example , the small-pump

layup scheme is the only one that could support

restart within 1 month ; system startup under the

dry pipe scheme would require 30 months. Sur

veillance ,maintenance, and restart costs are

sensitive to the level ofoperational readiness.

High operational readiness (restart in 1 month )

would provide no cost advantage over operating

under the No-Action Alternative,while layup

under schemes calling for restart within 30

months would save nearly $ 1.5 million per year.

TC

L1-01

L2-01

L15-01

The following bases for the analysis are impor

tant for a comparison of the layup and restart

options:

L9-02
Costs presented for implementing each

layup option are for comparison only . Be

cause DOE hasnot developed detailed proj
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charge from the jockey pump would be in

sufficient to maintain lake level.

L9-02

The analysis doesnot include procurement

and installation costs for the jockey and

small pumps. The small pump and its esti

mated 800-horsepower motor will be avail

able for each layup schemeand, therefore,

should notbe part of this cost analysis.

Action Alternative. Because this option

would notmeet the purpose and need for the

shutdown action (i.e., cost savings), it is not

a reasonable option for the Proposed Action

to shut down the River Water System and

maintain it in standby.

3.3.2.2 Restart in 6 Months

.

Table 3-1 lists the results of the base case restart

readiness/layup schemefor the low risk /high

reliability options. The sections that follow the

table discuss each combination .

DOE assumes that dam maintenance,which in

cludes both L -Lake and Par Pond dams,would

be constant ($ 520,000 per year) for all combi

nations. In addition , there is a trend toward

lower annual costs of layup and higher restart

cost as readiness decreases (i.e., increased time

to restart). If DOE did notrestart the system

during the layup period, the ShutDown and De

activate Alternative would be less costly than

the layup combinations listed in Table 3-1.

SmallPump – The small-pump schemeto

support a restart within 6 months would be

equal in cost to a 1 -month restart, and DOE

has dismissed it as an unreasonable option

for the Proposed Action.

Jockey Pump - IfDOE desired this high de

gree of operational readiness ( restart in 6

months), it would save about $ 300,000 per

year in electricity. A 6 -month restart

scheme would require a wet layup . This

means the jockey pump would run continu

ously and the two large pumps that DOE is

maintaining would run 24 hours permonth

to keep the system pressurized. The esti

mated savings in electricity would pay for

the jockey pump in about 2 years of layup.

Because the need to replace equipment is

not likely under this intense surveillance

and maintenance option, restart costs would

be zero . Most restart actionswould not re

quire a startup time this fast. It would ,

3.3.2.1 Restart in 1 Month

Small Pump - Only the small-pump scheme

would support a restart within 1 month .

Pumping would be continuous and essen

tially equivalent to activities under the No

Table 3-1 . Maintenance and restart costs of layup options - base case.

AnnualCosts ($ million per year )

System surveil L -Lake and

Time to Layup lance and Par Pond dam

restart scheme Electricity maintenance maintenance

1month 0.494 1.084 0.520

Total annual

cost

One-time cost

for restart

( million )

0.000

TC

2.098

6 months 0.494 1.084 0.520 2.098 0.000

0.164 1.084 0.520 1.768 0.000

12 months

Small pump

Small pump

Jockey pump

Small pump

Jockey pump

Small pump

Jockey pump

0.401 0.865 0.520 1.786 0.552

0.071 0.710 0.520 1.301 0.812

30 months 0.401 0.865 0.520 1.786 0.560

0.071 0.710 0.520 1.301 0.820

Dry layup 0.044 0.085 0.520 0.649 4.730
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however, enable DOE to respond quickly to

water needsat Par Pond.

3.3.2.4 Restart in 30Months

3.3.2.3 Restart in 12 Months

The wet pipe layup schemes and the dry pipe

schemecould support restart in 30 months.

Small-Pump – This option would have the

same annuallayup costs as the correspond

TE ing 12-month restart option.

As in the 6 -month restart options, only wet

layup schemes could support restart in 12

months. Under both schemes, continuous

pumping would keep the system pressurized .

However, system operations personnelwould

rotate the two large pumps in standby by hand

and would not operate them . This option would

result in lower electricity and system mainte

nance costs in comparison to the corresponding

6 -month restart schemes, but there would also

be restart costs.

Jockey Pump - As in the 12-month restart

options, the jockey pump scheme is better

than the small-pump scheme with respect to

costbecause the lower annualcosts during

layup quickly offset the higher cost to re

start the system .

Dry Layup – The characteristics of the dry

pipe layup and restart schemeare low an

nual costs for electricity , surveillance, and

maintenance but high costs for restart. Un

der this scheme, DOEwould maintain

building electricity as it would in all layup

combinations but would not maintain right

ofway; fallen trees would be cleared but no

brush would be cut. System operations per

sonnel estimate that this schemewould re

quire the replacementof 1 mile (1.6

kilometers ) ofpipe ,which would account

for $ 2 million of the $ 4.7 million restart

cost.

SmallPump - In relation to NoAction , the

small-pump scheme and 12-month startup

would save about $ 300,000 per yearbut

would require approximately $550,000 for

restart. If DOE kept the system shutdown

formore than 2 years, the costs to maintain

and restartwould be less than the costs to

operate under theNo-Action Alternative .

Both No Action alternative and this layup

scheme could maintain L -Lake.

Jockey Pump - The total annual cost for the

jockey pump scheme would be approxi

mately $485,000 less than the cost for the

small pump scheme for the 1-year-to - restart

case ,but restart costs would be an addi

tional $ 260,000. Given a reasonable period

of layup the jockey pump option would

have a lower cost. For example , for a

5 -year layup period the total cost for

layup and restart would be approximately

$ 9.5 million ( 1.786 * 5+ 0.552) for the

small-pump scheme and approximately

$ 7.3 million ( 1.301 x 5 +0.812 ) for the

jockey pump scheme.

L9-02

DOE compared layup and restart costs for the

jockey and dry pipe schemes. For layup periods

of less than 6 years, the relatively low startup

costs for the jockey pumpscheme would make

its total layup and restart costs less than those

for the dry pipe scheme. For layup periods of

6
years ormore , the relatively low annual costs

of layup for the dry pipe schemewould domi

nate and its total cost of layup and restartwould

be less than those for the jockey pump scheme.

Table 3-2 summarizes the tradeoffs between the

two schemes and comparesboth to the cost of

operation under No Action .
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TE

1

Table 3-2 . Cumulative costs to lay up, restart (within 30 months), and operate the River Water System

( layup period in years ; costs in millions of dollars).

Layup period 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Operation 2.1 4.2 6.3 8.4 10.5 12.6 14.7 16.8 18.9 21.0 23.1 25.2 27.3 29.4 31.5

(No Action)

Jockey pump 2.1 3.4 4.7 6.0 7.3 8.6 9.9 11.2 12.5 13.8 15.1 16.4 17.7 19.0 20.3

Dry pipe 5.4 6.0 6.7 7.3 8.0 8.6 9.3 9.9 10.6 11.2 11.9 12.5 13.2 13.8 14.5

Jockey pump 0.0 0.8 1.6 2.4 3.2 4.0 4.8 5.6 6.4 7.2 8.7 9.5 11.1

savings

Dry pipe -3.3 -1.8 -0.4 1.1 2.5 4.0 5.4 6.9 8.3 9.8 11.2 12.7 14.1 15.6 17.0

savings

7.9 10.3

3.3.2.5 Additional Costs to Support Use of

the River Water System for Accelerator Pro

duction of Tritium

it would notneed to change its layup options

except for increased surveillance andmainte

nance ofthe R -Normal Line. The increased cost

is expected to be $ 10,000 per year for the dry

pipe scheme and $35,000 per year for the wet

pipe schemes ( Jones 1997b ). L15-02

L1-01

L2-01

As stated for base case layup options, DOE

would permanently shutdown thewater line to

R -Area (i.e., the R -NormalLine) and would not

reactivate it if the system is restarted. In its se

lection of a restart option, DOE would evaluate

the additionalcost ofmaintaining the R -Normal

Line for a shortperiod oftime until the decision

on whether or not to construct the accelerator

for production of tritium is made (DOE expects

to make this decision by 1998) .

L1-01

L2-01

If DOE also wishes to ensure the capability to

L15-02 support the once-through heat- exchanger option ,

it would maintain eight large pumps to be avail

able to supply the 125,000 gallons perminute

once-through flow . This would increase the

costs for electricity,maintenance, and restart.

Table 3-3 presents the increased costs to support

this option, including surveillance andmainte

nance of the R -Normal Line.If DOE wants to ensure the capability to support

the preferred recirculating cooling tower option,

Timeto

Table 3-3. Additional cost to maintain R -Normal Line and 125,000 gallon-per-minute pumping

capacity .

Annual Costs ($ million peryear)

System surveil L -Lake and One-time cost

Layup
lance and Par Pond dam Totalannual for restart

restart scheme Electricity maintenance maintenance cost ( $ million )

1month 0.020 0.135 0.000 0.155 0.000

6 months 0.020 0.135 0.000 0.155 0.000

0.020 0.135 0.000 0.155 0.000

12 months 0.020 0.140 0.000 0.160 0.806

0.020 0.135 0.000 0.155 0.896

30 months 0.020 0.140 0.000 0.160 0.830

0.020 0.135 0.000 0.155 0.920

0.006 0.040 0.000 0.046 2.368

L15-02

L1-01

L2-01

Small pump

Small pump

Jockey pump

Small pump

Jockey pump

Small pump

Jockey pump

Dry layup

Source: Jones (1997c).
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3.3.3 ADDITIONAL COSTS FOR THE

SHUTDOWN AND MAINTAIN ALTER

NATIVE

DOE has considered additional costs to imple

ment the Shutdown andMaintain Alternative.

They includemonitoring and restoration costs

incurred by the L -Lake drawdown and an alter

native to river system blending water for sani

tary wastewater effluents in L -Area. These

costs are as follows:

tion , revegetation , andmonitoring. If DOE

selects a shutdown alternative, it will pre

pare a detailed monitoring and restoration

implementation plan that will enable costs

to be estimated with greater accuracy.

Costs for investigation and potential remedial

actions for L -Lakewould be incurred regardless

ofthe decision on the RiverWater System .

DOE believes that the reversion of L -Lake to

pre -SRS Steel Creek conditionswould enhance

the efficiency of the investigation and remedial

action under the FFA . The costs for alternative

remedial actions for a drained lake are presented

in Appendix A and summarized in Table 3-4 .

L9-10

Septic tank and tile field installation :

$ 70,100; annual operation and maintenance:

$ 120 .

L9-10

Other alternatives to River Water System

blending are in Section 4.1.2 .

Monitoring and restoration costs during L

Lake drawdown are estimated to average

$ 190,000 per year for approximately 10

years .

DOE believes that institutional controls to pre

vent residential use of the L -Lake lakebed for a

period of time that allows for natural radiologi

cal decay ofthe contaminants to safe levels is

more cost effective and reasonable than main

taining the 40-year-old River Water System and

incurring the cost to maintain L -Lake water

level for a long (perhaps 100 years) period of

time. For the benefit of readers who do not

wish to study the appendixes, costs estimates for

various remedial options are presented below .

This cost is a preliminary estimate of prob

able cost. The preliminary estimates range

from $ 125,000 per year to $300,000 per

year depending on the extent of stabiliza

L9-10

Table 3-4 . Costs for various remedial options in accordance with the Federal Facility Agreement.

Onsite worker Onsite worker Future resident Future resident

Remedial option (risk = 10-4 ) (risk = 10-6 ) (risk = 10-4 ) (risk = 10-6 )

No action
No cost No cost No cost

No cost

Institutional control No cost
$ 10,000 $ 15,000 $ 15,000

Soil cover
No cost

$ 100,000 $ 29.7 million $ 131 million
Excavation

No cost
$ 1.4 million $ 380 million

$ 1.7 billion

3.4 Comparison of
Environmental Impacts

tain someportions in a standby condition that

would enable restart.

This EIS evaluates alternative actions for the

River Water System at the SRS. The alterna

tives cover the spectrum of reasonable actions

from continued operation (No Action) to com

plete shutdown and deactivation (Shut Down

and Deactivate). TheDOE Proposed Action

and Preferred Alternative is a middle ground

under which DOE would shut the system down,

lay up all or portions ofthe system , and main

The alternatives vary substantially in achieving

the purpose and need for DOE action, costs to

operate or maintain the system , commitment of

resources, and environmental consequences.

Table 3-5 compares basic operational character

istics of the alternatives.

TE
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Small pump

1

Table 3-5 . Characteristics ofthe alternatives.

ShutDown and

No Action Deactivate Shut Down andMaintain

Data
No pumping Jockey pumpa Dry layupb

Replacement/restart one-timecosto NAS NA $ 820,000 $ 4,730,000

Timeto restart NA NA 30 months 30 months

Cost of Operation
$ 200,000

System surveillance and mainte $ 1,084,000 $ 85,000f $ 710,000 $85,000

nance

L -Lake, Par Pond Dam surveil 520,000 $ 520,0008 520,000 520,000

lance and maintenance

Energy costs 494,000 20,000 71,000 44,000

Total annual cost $2,098,000h $625,000 $ 1,301,000 $649,000

Staff requiredi 7.8 6

Security (included in total costs ) Visual inspection Visual inspection Visual inspection Visual inspection

1 /day 1/day 1/day 1/day

Regulatory requirements Intake canal None Dredging Dredging

dredging SCDHECK permit SCDHEC permit

for spoils for spoils

Volume ofwater pumped
5,000-gallon-per

NA Low flow to keep 0

minute average piping system

pressurized

The piping system would stay pressurized by operation ofa very small pump called a jockey pump.

b . The piping system would be drained.

One-timecost to restart (high reliability ).

d . NA = not applicable.

One -time cost to shutdown .

f. One full-time equivalent person to handle minor maintenance.

g. This is an annual cost for L -Lake and Par Pond dams. After L -Lake has receded and the dam is breached ,

annual dam maintenance costs for L -Lake willbe $ 0 .

h . This cost does not include unexpected repair or replacement of the system .

i.
Staff salary and overhead are included in system and dam maintenance cost.

j. Above costs do not include cost (if any) for re-permitting for dredging or reuse ofexisting spoil areas.

k . SCDHEC = South Carolina Departmentof Health and Environmental Control.

TC

a .

C.

e .

Table 3-6 summarizes and compares potential

environmentalimpacts of the alternatives. The

intentof this table is to draw from the detailed

sections on affected environment and environ

mental impacts to presentthe primary impacts

of the Proposed Action and alternatives in com

parative form . The following statements form

the bases of the results reported in this table:

L12-05

the No-Action Alternative reflect operation

of the small pump.

Under the shutdown alternatives, DOE

would implement alternative sources for the

riverwater required under No Action except

that DOE would not providewater to

L -Lake to maintain its water level. These

requirements are reflected as an incremental

impactof shutdown relative to NoAction .

Analyses indicate that L -Lake cannot

maintain its normalpool levelwithout flow

augmentation from theRiver Water System .

DOE will operate a 5,000- gallon -per-minute

(0.32-cubic -meter -per- second) pumpas a

way to save money and energy. In this EIS,

flows and cost comparisons described under

TC
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TETo ensure that impacts of the shutdown al

ternatives are not underestimated, DOE as

sumes a worst-case situation where L -Lake

continues to recede until it reaches the

original Steel Creek surface water profile .

With the exception of capability under the

Proposed Action to restart the River Water

System to respond to potential future needs,

impacts under the Shut Down and Deacti

vate Alternative are equal to those of the

DOE Proposed Action and Preferred Alter

native, ShutDown andMaintain .

Table 3-6 . Comparison of the impacts of the alternatives for the RiverWater System .

Resource No-Action Alternative
Shutdown Alternatives

Geology and Soils

Castor Creek (tributary to

Fourmile Branch ) and head

waters of Steel Creek

( upstream of L -Lake)

Minimal soil erosion from vegetated slopes

and natural flows

Same as No-Action Alternative.

Indian Grave Branch

(tributary to Pen Branch )

Minimal soil erosion from vegetated slopes

carrying natural flows and river water and

wellwater discharges from K -Area

Same as No-Action Alternative exceptwell

water would replace river water discharge.

Steel Creek and Lower Three Minimal erosion and sedimentation rates due Same asNo-Action Alternative for Lower

Runs (below dams) to controlled stream flow
Three Runs and Steel Creek while L -Lake

drains, after which Steel Creek flowswould

be variable and uncontrolled and would ex

periencemoderate erosion and sedimentation

from lakebed.

L -Lake and Par Pond
Minimal erosion due to constant normal pool Minimal remobilization of soils potentially

water elevations in L -Lakeand small fluctua- contaminated by preimpoundment activities

tions in Par Pond
due to gradual recession of L -Lake; sameas

No- Action Alternative in Par Pond.

Surface Water

Par Pond
Par Pond ecosystem would revert to that typi- Reversion to typical southeastern reservoir, as

cally found in reservoirs in Southeast due to with No-Action Alternative; under Shut

reduction ofnutrients from Savannah River; Down and Maintain , DOE could prepare sys

DOE could resume pumping to Par Pond if tem for operation, then restart system to pump

conditions warranted

to Par Pond;no capability to pump under

ShutDown and Deactivate.

L -Lake
Water level sustained by asmuch as

Reversion to stream conditions with potential

4,800 gpma of river water pumped to and dis- for lakebed erosion .

charged from L - Area
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Table 3-6 . (continued ).

Resource

L -Lake water quality

Shutdown Alternatives

Reduction in dissolved oxygen and tempera

ture and increased acidity in epilimnion and

hypolimnion of L -Lake until lake is drained.

No-Action Alternative

Dissolved oxygen in epilimnion seldom

would fall below 5 milligramsper liter and

would generally be greater than 1 milligram

per liter in hypolimnion. Lowesttempera

tures would be around 50 ° F (10 ° C ); maxi

mum near- surface summer temperatures

would be around 86 ° F (30 ° C ); acidity would

not be substantial; pH levels in near-surface

waterwould seldom fallbelow 6 .

Steel Creek Minimal siltation due to intake structure

drawing water thatwould be low in sus

pended solids from top of lake; flow of

10 cfsb would be sustained

The dam is expected to act as a sedimentation

basin, thereby minimizing siltation below

dam .

TC

L -Area sanitary wastewater

treatmentplant

Blending flowswould be supplied by river

water pumping to L -Area

Alternate compliance method (e.g., septic

tanks) would be required .

L -Area cooling water dis

charges

L -Area 186 -Basin maintained full for fire Alternate supply (e.g., wellwater) would be

protection and overflowing for discharges to required for fire protection and compressor

L -Lake; well water or river water could sup- cooling; totalwellwater requirementwould

ply 190 gpm of cooling water for compres be 390 gpm ; total discharge to L -Lake would

be reduced by 10 gpm evaporation from the

186 -Basin to approximately 380 gpm .

sors

K -Area coolingwater dis

charges

Asmuch as 200 gpm pumped from system to Alternate supply (e.g., well water) would be

K -Area 186 -Basin for fire protection ; well required for fire protection; sameas

water would supply 210 gpm ofcooling wa No-Action Alternative for compressor cool

ter for compressors ing water; total discharge to Indian Grave

Branch would be approximately 400 gpm

(i.e., 200 + 210 less evaporation ).

Groundwater

Water table levels in L -Area
With downgradient elevation of Water Table As L -Lake recedes, water table elevations

Aquifer controlled by lake level, it would would drop 10 ft at Steel Creek outcrop

stand at 190 fic abovemean sea level; Water (estimated 180 ft ); at L -Area Oil and Chemi

Table Aquifer elevation at L -Area Oil and calBasin ,water table elevations would drop

Chemical Basin (one of fournearby approximately 4 ft ( estimated 204 ft ); hy

CERCLAd units)would be approximately draulic gradients at CERCLA units would in

208 ft crease resulting in a 12-percent increase in

local velocities. After lake level dropped , it

would take approximately 18 years for con

taminated groundwater to travel from

CERCLA units to Steel Creek. Therefore,

there would be little, if any, effect on reme

dial actions for these units.

Air

Air toxic -Mercury
0.014 microgram per cubic meter

Increased by 1.15 x 10-6 microgram per cubic

meter to approximately 6 percentof regula

tory standard .
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Table 3-6 . (continued ).

Resource No-Action Alternative

0.821 microgram per cubic meter
TC Air toxic -Manganese

Shutdown Alternatives

Increased by 2.6 x 10-6 microgram per cubic

meter to approximately 3 percent of regula

tory standard .

Criteria pollutant - 24-hour

PM10 concentration atSRS

boundary

SRS sources plusbackground =

113microgramsper cubic meter at the SRS

boundary

Increase of 16 for a totalof 129 micrograms

per cubic meter at the SRS boundary , which

is 85.7 percent of regulatory standard.

TC

Radionuclides - annual effec- Very small dose (0.02 millirem /yr)

tive inhalation dose equiva

lent to maximally exposed

offsite individual

Total dose from allpathways6.5 x 10-3

(mrem /yr); 0.07 percentofregulatory stan

dard .

TerrestrialEcology

L -Lake

TE
No reduction in habitat for amphibians, rep

tiles, semiaquaticmammals, wading birds,

and waterfowl in L -Lake

Reduction in habitat for amphibians, reptiles,

semiaquatic mammals,wading birds, and

waterfowlas L -Lake recedes.

L -Lake amphibians, reptiles, semiaquatic

mammals,wading birds, and waterfowl

would be protected from predation

L -Lake amphibians, reptiles, semiaquatic

mammals, wading birds, and waterfowl

would bemore vulnerable to predation as res

ervoir recedes.

No increased exposure to contaminated

L -Lake sediments
Animals foraging in the lakebed after draw

down would be exposed to contaminated

sediments via inhalation, ingestion, and der

mal contact.

Aquatic Ecology

L -Lake
Natural changes in aquatic communities as

L -Lakeages
Reservoir ecosystem replaced by small stream

ecosystem .

SRS streams

Same No-Action Alternative .

Natural flows in smallwatersheds support

few benthic organisms and fish in Indian

Grave Branch

Wetlands

L -Lake
Natural successional changes in littoral zone

plantcommunities
Loss of submerged and floating -leaved

aquatic plants as reservoir recedes; emergent

species could move downslope with lake

level.

Par Pond
Changes in species composition of litto

ral-zone plants; acreage could be reduced

Same asNo-Action Alternative.

Steel Creek

TC
With 10 cfs flow requirement, scrub -shrub Same asNo-Action Alternative during draw

vegetation would becomemore prevalent in down; after drawdown, natural flows would

stream corridor; willow probably would pre- vary , averaging 10 cfs.

dominate. Over time, hardwood species

would become established in delta, replacing

swamp (cypress-gum ) forest with deciduous

hardwood (oak -elm -sweetgum ) forest.
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Table 3-6 . (continued).

Resource No-Action Alternative

Readjustmentof stream and bottomland eco

systemsassociated with continuation of exist

ing flow requirements

Shutdown Alternatives

Same as No-Action Alternative.
Lower Three Runs

Threatened and Endangered

Species

Bald eagles Bald eagles nesting atPen Branch would

continue to forage around L -Lake

Bald eaglesnesting at Pen Branch would in

timelose primary foraging habitat (L -Lake)

and could leave area.

Wood storks
Foraging on SRS would continue Wood storks could be exposed to increased

levels of contaminants if L -Lake dropped

rapidly and fish were trapped in small pools

(primarily in spring and summer, when wood

storks forage on SRS).

TC

Alligators Alligators would continue to be present in

L -Lake

L -Lake alligators would , in time, be dis

placed ; drawdown of L -Lake could result in

loss of nests, eggs, or hatchlings, depending

on timing and rapidity of drawdown.

OccupationalHealth

1.7 x 10-7 1.7 x 10-7

TC

Radiological - annual prob

ability of fatal cancer to cur

rent involved worker (annual

fatal cancer risk from all

causes is 3.4 x 10-3)

5.5 x 10-5 5.5 x 10-5

|TE

Radiological - numberoflife

time fatal cancers to current

SRS involved workers ( 16

lifetime fatal cancers from all

causes expected in current

SRS involved worker popula

tion )

2.5 x 10-8 1.4 x 10-6

|TC

CNonradiological - annual

probability of fatal cancer to

current SRS involved worker

( annual fatal cancer risk from

all causes is 3.4 x 10-3je

Public Health

3.3 x 10-9 3.5 x 10-9

TC

Radiological - annual prob

ability of fatal cancer to off

site maximally exposed

individual (annual fatal cancer

risk from all causes is

3.4 x 10-3)
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No- Action Alternative Shutdown Alternatives

5.0 x 10-5

TC
4.9 x 10-5

Table 3-6 . (continued ).

Resource

Radiological - number of life

time fatal cancers to offsite

population (157,900 lifetime

fatal cancers from all causes

expected in the offsite popu

lation living within 50 miles

of SRS)

None
7.9 x 10-9Tel Nonradiological- annual

probability of fatal cancer to

offsitemaximally exposed

individual (annual fatal risk

from all causes is 3.4 x 10-3je

Land Use

Onsite
Site facilities, natural vegetation types with

more than 73 percent in forest land

Same asNo-Action Alternative

Adjacent land Used mainly for forest, agricultural, and in

dustrial purposes

Same as No-Action Alternative

Aesthetics

TE L -Lake

L12-09

1,000-acre reservoir with wetlands along

shoreline and abundance ofwading birds,

turtles, and some alligators

As L -Lake recedes, dried mud flats would

appear for periods oftimeuntil revegetation

began ; could be seen by 1,800 SRS workers

who pass by daily .

Par Pond

Sameas No-Action Alternative

TC

2,640-acre reservoir with wetlands along

shoreline, pine and hardwood forests up

slope; abundance of amphibians, reptiles,

wading birds, and waterfowl (in winter );

water level fluctuates while discharge from

Par Pond is controlled.

SRS streams

Same as No-Action Alternative
Narrow streams at headwaters broadening

into wide swampy deltas atSavannah River;

abundanthardwood and wetland vegetation

with variety ofwildlife ; 10 cfs in Lower

Three Runs and Steel Creek downstream of

dams, natural flow in Fourmile Branch and

Steel Creek above L -Lake; natural flow plus

small cooling water discharges to Indian

Grave Branch /Pen Branch

a .

b .

c .

TE d .

gpm = gallons perminute; to convert to cubicmeters per second, multiply by 0.000063088.

cfs = cubic feet per second; to convert to cubicmeters per second,multiply by 0.028317.

ft = feet; to convert to meters,multiply by 0.3048.

CERCLA = Comprehensive Environmental Response , Compensation , and Liability Act.

Based on fatal cancer incidence in general population of 235 per 1,000 and a 70-year life expectancy .
e .
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CHAPTER 4. AFFECTED ENVIRONMENTAND

ENVIRONMENTAL IMPACTS

Chapter 4. Affected Environmentand

Environmental Impacts

4.1 L - Lake

Chapter 1 of this environmental impact state

ment (EIS) introduces the River Water System ,

alternative actions related to the system , and ac

tions connected to the Proposed Action to shut

down the system and maintain it in standby;

Chapter 2 describes the U.S. Department of En

ergy (DOE) purpose and need to implement ac

tions on the River Water System ; and Chapter 3

describes three reasonable alternative actions.

This chapter describes the environment of the

Savannah River Site (SRS) and the impacts of

implementing the alternatives, including the

Proposed Action . In addition , it provides the in

formation and analysis for a comparison of the

environmentalimpacts ofthe Proposed Action

and the alternatives (see Section 3.4 ).

4.1.1 Geology and Soils

4.1.1.1 Affected Environment

4.1.1.2 Environmental Impacts

4.1.1.2.1 No Action

4.1.1.2.2 ShutDown and Deactivate

4.1.1.2.3 Shut Down and Maintain

Other resources categories with samesub

headings include Surface Water,Groundwa

ter, Air Resources, EcologicalResources,

Land Use, Aesthetics , and Occupational and

Public Health .

4.2 SRS Streams (sequence matches 4.1)

4.3 Par Pond (sequence matches 4.1 )

DOE has determined that this EIS will not ad

dress in detail the following topics because the

Proposed Action and alternativeswould cause

minimal or no impacts in these areas:

DOE determined that it could enhance the qual

ity of the analysis and the clarity of the presen

tation by using an EIS format that was different

from its standard format (40 CFR 1502.10).

Rather than using the approach that presents the

affected environment and impacts sections in

separate chapters, DOE putboth the affected

environment and impacts in this chapter, so the

description of the affected environment for a

particular resource category (e.g., groundwater)

precedes the description of the impacts of each

alternative on that resource. Further, DOE has

divided the sections by water body to emphasize

the component that ismostaffected by imple

mentation of the alternatives (L -Lake) and to

also describe the component that has the least

variability among the alternatives (Par Pond).

DOE selected this order because only a few

categorieswould be affected by the action and

its alternatives,and it can describe the impacts

of an alternativemost easily by a comparison to

the No-Action Alternative. This ordering of

system components, resource categories, af

fected environment, and environmental impacts

of each alternative is listed as follows.

Socioeconomics – The River Water System

would require a staff from one (Shut Down

and Deactivate) to 7.8 (NoAction ) full-time

equivalent personnel. Selection of one al

ternative over another will notaffect socio

economic factors in the region.

Traffic and Transportation - Onsite traffic

impacts would beminimalunder each alter

native due to the small number of personnel

involved . The operation of theRiver Water

System would involveminimal onsite trans

portation ofmaterials and waste and no

offsite transportation . Alternatives arenot

measurably different in termsofpotential

impacts of transportation activities.
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CulturalResources - Because the alterna

tives, including the Proposed Action ,would

not require any construction, there would be

little, if any, risk of damaging historic or ar

chaeologicalresources or areas ofcultural

importance to Native American tribes.

Section 4.6 , Unavoidable Adverse Impacts

[i.e., " adverse environmental effects which

cannot be avoided should theproposal be

implemented " (40 CFR 1502.16 )]

This chapter evaluates the following environ

mental consequences that would be sitewide in

nature and , therefore , could notbe conveniently

subdivided :

Section 4.7 , Short- Term Uses and Long

Term Productivity (i.e., " the relationship

between short-term uses of man's environ

ment and themaintenance and enhancement

of long-term productivity" (40 CFR

1502.16 )]

Section 4.4 , Environmental Justice

(Executive Order 12898)

.
Section 4.5 , Cumulative Impacts (i.e., cu

mulative impacts that result “ from the in

cremental impact of the action when added

to other past, present, and reasonably fore

seeable future actions” (40 CFR 1508.7) ]

Section 4.8 , Irreversible or Irretrievable

Commitment ofResources (i.e., “ any irre

versible or irretrievable commitments of re

sources which would be involved in the

proposalshould it be implemented”

(40 CFR 1502.16 )].

4.1 L - Lake

acre- feet (32 million cubic meters) (USACE

1987).

DOE built L -Lake, a 1,000-acre (4 -square

kilometer) reservoir (Figure 4-1), on the upper

reaches ofSteel Creek in 1984 and 1985 to re

ceive heated effluent from L -Reactor. Before

the construction of L -Lake, L -Reactor effluents

discharged directly to Steel Creek. DOE formed

L -Lakeby building a 4,000 -foot ( 1,200-meter)

dam across the Steel Creek valley approxi

mately 4.5 miles ( 7.5 kilometers) upstream of

its confluence with the Savannah River. The

lakehas an average width of approximately

1,970 feet (600 meters ) and an average depth of

about 26 feet ( 8 meters), and extends for ap

proximately 4.4 miles (7.0 kilometers ) along the

Steel Creek valley from the dam to theheadwa

ters ofthe stream , just above SRS Road B

(USACE 1987;Wike et al. 1994).

L -Lake flooded about 225 acres (0.9 square

kilometer ) ofwetlands and 775 acres (3 square

kilometers) of uplands in the SteelCreek corri

dor (Wike et al. 1994 ). During the construction

of L -Lake,most of the vegetation in the area

thatbecame the lakebed was cut and hauled

away or burned on the site . Two coves in the

lower half of the lake and the area above Road

B were left with standing timber to enhance fish

and wildlife habitat. The shoreline was cleared

to 3 to 5 feet ( 1 to 1.5 meters) abovemaximum

pool elevation and seeded for erosion control.

TC More than 30 reefs were built from tires, brush ,

cinder blocks, and log piles to improve fish

habitat in shallow areas otherwise devoid of

cover (Mattson et al. 1993a; Paller 1996 ).

The L -Lake dam and intake structure maintain

water level at a normalpool elevation of

190 feet (58 meters ) abovemean sea level. The

top of the dam lies at about 200 feet (61meters)

abovemean sea level. Atnormalpool, the

ervoir storage volume is approximately 26,000

Soil from the Steel Creek floodplain at the dam

site contained an estimated 0.2 curie of ce

sium -137 activity , and the trees removed from

along the floodplain contained 12 millicuriesof

res
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4.1.1 GEOLOGY AND SOILS

4.1.1.1 Affected Environment

cesium - 137 activity (Du Pont 1984). The dam

site materialwasmoved to a deposit area ap

proximately 0.25 mile (0.40 kilometer) above

the dam site and within the lake area and cov

ered with 5 feet ( 1.5 meters) of clean soil.

During L -Lake construction ,DOE cut the tim

ber along the floodplain into manageable sizes

and covered it with soil to prevent possible fu

ture floating or movement and subsequentcon

trol gate obstruction (Marter 1984 ). L -Lake

overflight photographs show evidence of these

activities.

This section describes the regional geologic set

ting in the vicinity of L -Lake; the description

includes descriptive rock type, thickness,min

eral and economic resources, and soil types.

Figure 1-1 showsthe location of the SRS, and

Figure 4-2 shows the geologic provinces around

the Site. Section 4.1.3 presents L -Lake hydro

geologic information . This EIS does notde

scribe geologic structures such as folding and

faulting because the alternatives would not af

fect these features.

After DOE completed the L -Lake Dam in 1985 ,

the basin filled with rainfall, flow from the Steel

Creek headwaters and watershed, and water

pumped from the Savannah River and Par Pond.

The impoundment reached full pool in October

1985. DOE brought L -Reactor on line and be

gan discharging heated effluent into L -Lake in

November 1985, took the reactor out of service

in April 1988 for a scheduled maintenance out

age (DOE 1990), and did not restart it.

The geology and soils of SRS are well docu

mented ( e.g., Aadland,Gellici, and Thayer

1995;WSRC 1996e). DOE has drilled a num

ber of deep production , test, or monitoring wells

near the areas potentially affected by the alter

natives discussed in this EIS (Aadland,Gellici,

and Thayer 1995).

Figure 4-3 is a topographic map of the area of

interest between L -Lake, Par Pond, and nearby

SRS streams. The geological cross-section

( identified on Figure 4-3 ) is depicted

Figures 4-4a and 4-4b. The section extends

from the northeast edge ofPar Pond, to the

southwest through L -Lake, and ending near Pen

Branch (also see Aadland, Gellici, and Thayer

1995;WSRC 1996 ). Prowell (1994)most re

cently describes the surface geology of the SRS

region .

Watermoves from L -Lake to Steel Creek by

overflow into a multigate , dual wetwell intake

structure, a 72 -inch ( 183-centimeter ) diameter

concrete conduit embedded in the dam , and a

stilling basin downstream of the dam . A system

of eight gates in the intake structure regulates

the reservoir level. DOE can open two intake

gates 10 feet (3 meters) below the normal pool

elevation and two intake gatesnear the bottom

of the reservoir to enable water to enter the wet

wells before releasing to the stilling basin .

These intake gates are either fully opened or

closed . Waterpasses through the intake tower,

thewet wells, the conduit, and the stilling basin

before flowing to Steel Creek. The volumeof

water discharged to Steel Creek is controlled by

two service gates at the base of the intake tower

wet wells. These gates can release flows rang

ing from 71 to 1,024 cubic feet
per

second

(2.0 to 29.0 cubic meters per second). To re

lease from 11 to 71 cubic feet per second (0.3 to

2.0 cubic meters per second ),DOE opens two

18-inch (46 - centimeter) diameter knife gates

(Wike et al. 1994).

Geomorphology

TE

The SRS is on the Aiken Plateau of the Atlantic

Coastal Plain in west-central South Carolina,

bounded by the Savannah River to the west, the

Fall Line to the north , the Orangeburg Scarp to

the south , and the Congaree River and Congaree

TC Sand Hills to the east. The Aiken Plateau con

sists of a broad flat surface dissected by narrow

steep-sided valleys. The plateau slopes from

650 feet (198 meters) abovemean sea level at

the Fall Line to approximately 250 feet

TE
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T
E

(76 meters ) above mean sea level at the south

east edge of the site (DOE 1995c). The differ

ence in elevation across the area of interest is

approximately 240 feet (73meters); the Savan

nah River floodplain is about 100 feet

(30 meters ) abovemean sea level and the hills

overlooking L -Lake are about 340 feet (104

meters) above sea level. The lake is centrally

located on the SRS to the southeast of L -Area

and southwest of Par Pond. It is in a narrow ,

slightly sloping valley incised by Steel Creek.

regressions of the ocean. The thickness of the

Tertiary section expands from the northern part

of the SRS toward the southern boundary and

onward to the coast. This thick sequence of

sands, silts, and clays along the northern part of

the SRS grades into a carbonate (limestone) se

quence in the southern part of the site. The re

gional dip is to the southeast, ranging from 35 to

60 feet (11 to 18meters) per mile. There are

of Tertiary sediments : the Black

Mingo Group (the oldest), the Orangeburg

Group, the Barnwell Group , and the Cooper

Group (the youngest), which is the group of in

terest for this assessment. The following para

graphsbriefly describe the individual

formations within each group (see WSRC

1996e,f; Aadland, Gellici, and Thayer 1995).

four groups

Tectonic Provinces

The following formations are part of the Black

Mingo Group:

L -Lake is approximately 50 miles (80 kilome

ters) southeastof the Fall Line, which is the

geographic feature that results from the contact

between the Piedmont and the Atlantic Coastal

Plain physiographic provinces. The Piedmont

province consists of Pre-Cambrian and

Paleozoic age crystalline rocks overlain by

sediments of Cretaceous and younger age.

Fault-controlled basins of Triassic age, filled

with younger Coastal Plain sediments, are

structurally imposed on the Piedmontrocks, and

similar to the classic Triassic basins ofNew Jer

sey and New England. The Dunbarton Basin ,

over which L -Area is situated , is an example of

these oldest SRS geologic structures (WSRC

1996 ,f).

Ellenton Formation (also known as theLang

Syne/Sawdust Landing Formations) - pri

marily gray to dark graymicaceous sand;

the thickness ranges from 40 to 100 feet

(12 to 30meters ), usually poorly sorted ; oc

casionally contains lignite interbedded with

gray clays.

Stratigraphy

Williamsburg Formation (also known as the

Snapp Member or Formation ) - primarily

dark gray to black silty quartz sand (coarse

to medium ) with clay; 50 feet (15 meters)

thick along the southern portion of the SRS

and pinches out at the northernmost edge of

the Site.

Overlying the Piedmont structures is a thick se

quence of sediments that comprise the Atlantic

Coastal Plain . These sediments, which are the

primary focus of the affected environment, in

clude silts, sands, conglomerates, limestones,

and clays ofboth fluvial and marine origin .

The alternatives discussed in this EIS would af

fect the Tertiary (Eocene and Paleocene age)

sediments (Figure 4-5) of the Atlantic Coastal

Plain . The depositional environment is repre

sentative of a fluvial to marine shelf (pro

deltaic ) during alternating transgressions and

Fishburne Formation (also known as the

FourmileMember or Formation ) – This

sedimentary sequence varies in thickness

from 15 to 75 feet (5 to 23 meters). It is

comprised of yellow , brown, orange, and

tan clayey sand.

TE
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Figure 4-5 . Comparison of lithostratigraphy and hydrostratigraphy for the Savannah River Site region.
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The following formations comprise the Orange

burg Group:

Dry Branch Formation – This formation has

three members:

.
Congaree Formation – fine to coarse quartz

sand sequence , highly variable in color,

ranging in thickness from 25 to 60 feet (8 to

18 meters); generally well sorted; thin clay

beds and pebble zones are common

throughout.

Warley Hill Formation (also known as the

“ Green Clay” and in the past collectively

known as the Warley Hill and Caw Caw

Members of the Santee Formation ) - usu

ally a glauconitic fine- grained sand and

clay; in the southern part of the Site, grades

to a micritic clayey limestone or limyclay

(Santee Limestone); north to south thickness

ranges from 0 to 20 feet (6 meters ).

Twiggs Clay Member (also known as

the “ Tan Clay”) – ranges in color from

tan to brown to light gray ; discontinu

ous occurrence; reaches a thickness of

only as much as 12 feet (4 meters); gen

erally dense and compact, somewhat

plastic to crumbly in places ; frequent

iron staining; occurs at a depth of ap

proximately 145 feet (44 meters)mean

sea level in wellLCO - 5 northwest of

L -Lake in L - Area (WSRC 1996g).

Griffins LandingMember – commonly

occurs as a tan or green calcareous

sandy clay or a calcareous sand; thick

ness asmuch as 50 feet (15 meters ).

Irwinton SandMember – consists of tan

to orange moderately sorted quartz sand

with interbedded clays; thickness ranges

from 40 to 75 feet (12 to 23 meters ).

Tobacco Road Formation (sand) - consists

of red,brown, purple, tan , or orange poorly

to moderately sorted quartz sand ; grain size

varies from fine to coarse with pebble layers

common ; outcrops over a large portion of

the Site.

Santee Formation (also known as the

“ Tinker Formation,” “McBean Formation,”

or a “member of the Lisbon Formation” ) –

includes yellow to tan clays,marls, lime

stones, and calcareous sands;moderately

sorted ; thickness ranges from 40 to 80 feet

(12 to 24 meters) across the Site.

The Barnwell Group consists ofthe following:

Clinchfield Formation - This formation has

two members:

Riggins MillMember - sandmember

approximately 25 feet (8 meters) thick

along the southern portion of SRS and

pinched out at the northernmost parts of

the Site; characterized by tan to green ,

medium to coarse , poorly to well-sorted

quartz sand; the sand in well cuttings is

difficult to discern at most locations

unless it occurs between the carbonate

layers of the overlying Dry Branch

Formation and underlying Santee For

mation .

The “ upland unit” (also known as the Haw

thorneFormation) is ofunknown age (part of

the Cooper Group and possibly Miocene in age).

It is a conglomerate sequence of silts, clayey

sands, and pebbly sands, with a variable thick

ness from 60 to 70 feet (18 to 21meters). These

are the primary surface sediments, probably

fluvial in origin . Facies changes can occurradi

cally .

Soils

The SRS soils map (USDA 1990) shows ap

proximately 50 mapping units. Figures 4-6

through 4-9 show the surface soils distributions

for selected areas near L -Lake, L -Area, Pen

Branch and Steel Creek , the southwest side of

Utley Member - a calcareous sand or

sandy limestonewith tan to white color

variances.
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Figure 4-7 . Soils Horizons - lower Steel Creek.
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TC Note : The more common soil mapping unit abbreviations are defined in Soils discussion of Section 4.3.1.1.2

Figure 4-8. Soils Horizons on west side of Par Pond.
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Figure 4-9. Soils Horizons - Lower Three Runs (below Par Pond Dam ).
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Dothan sand, 2- to 6 -percent slopes (DoB)

Fuquay sand, 2- to 6 -percent slopes (FuB )

Norfolk loamy sand, 2- to 6 -percent slopes

(NOB)

Par Pond, and Lower Three Runs drainage ar

eas. Previously disturbed soils, which are

mostly well drained, come from excavated ar

eas, borrow pits, and other areas in whichmajor

land-shaping or grading activities occurred .

These soils are beside and under constructed

byways (i.e., sidewalks and parking lots). Their

slopes generally range from 0 to 10 percent and

they havemoderate erosion hazard. These dis

turbed soils range from a consistency of sand to

clay, depending on the source of thematerial

(DOE 1995c).

Udorthents, firm substratum and

Udorthents, friable substratum (used during

L -Area construction )

Vaucluse -Ailey Complex , 6- to 10-percent

slopes (VeC)

Vaucluse sandy loam , 2- to 6 -percent slopes

(VaB )

Mineral or Economic Resources

In general, undisturbed soils at the SRS consist

ofsandy surface layers above a subsoil ofsilts,

sands, and clays . These gently sloping to mod

erately steep (0 to 10 percent) soils have a slight

erosion hazard (USDA 1990). Some soils on

the uplands are nearly level, and those on the

bottomlands along themajor streamsare level.

Soils in small narrow drainage valleys are steep.

Most upland soils are well drained to exces

sively drained; well-drained soils have a thick

sandy surface layer that extends to a depth of

7 feet (2 meters) ormore in someareas. The

soils on the bottomlands range from well

drained to very poorly drained. Some soils on

the abrupt slope breaks have a dense brittle sub

soil (DOE 1995c; Wike et al. 1994 ; USDA

1990 ).

With the exception of sand and gravel, the

known economic and mineralvalue of the geo

logic resources of the SRS is limited (see DOE

1984, 1987a, 1995c).

4.1.1.2 Environmental Impacts

TE

There are two soil associations – Vaucluse

Ailey and Fuquay-Blanton -Dothan - in the area

of interest. This assessment uses preimpound

ment soil descriptions (USDA 1990). If the lake

receded, the exposed soils would be different

due to lake sediment deposition . DOE has not

yet determined those soil types; however,an

ongoing study at the lake will provide site

specific soil data .

In general, the character and conditions of the

geology and soils in the area of interest would

not change radically under any alternative in the

EIS. If DOE decides to shutdown the River

TE Water system it would develop a plan to main

tain the stability of the dam and the outflow to

Steel Creek during and after lake drawdown.

Topographic changes resulting from the various

alternatives are not likely , with the exception of

a potentially slight and gradual alteration in the

shape ofthe stream valleys . Elimination of

river water from the geologic system could not

L10-15 stimulate an earthquake (WSRC 1996f),would

not affect economic or mineral resources, and

would not induce faulting or cause noticeable

geologic structures .The following is a list of the more common soil

mapping units (shown in Figure 4-6 ) in the area

west of L -Lake (USDA 1990 ):

Ailey sand, 2- to 6 -percent slopes (AEB )

The overall lithologic character ofsands and

claysdoesnot vary appreciably across the area

of interest or the SRS and would probably re

main constant under any alternative. The shut

down alternatives would generally decrease the

amount of stream surface water and subse

Blanton sand,6- to 10 -percent slopes (BaC )
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quently alter the erosion rate. Impacts on

groundwater are described in Sections 4.1.3 ,

4.2.3, and 4.3.3.

cause grasses and other vegetation would

overtake the area.

4.1.1.2.3 Shut Down andMaintain

4.1.1.2.1 No Action

Impacts resulting from this alternative would be

similar to those described in Section 4.1.1.2.2

above. Maintenance of the dam would impede

the transport of upstream soils and lacustrine

deposits; thereby limitingpotential downstream

(Steel Creek ) contamination.

4.1.2 SURFACE WATER

Maintenance of the River Water System and the

lake level would not affect the geology or soils

in the L -Lake area. The soils and geology in

L -Area upgradientof the lake are contaminated

at four Comprehensive Environmental Re

sponse, Compensation, Liability Act (CERCLA)

sites, but there is no evidence that this alterna

tive would exacerbate contaminant migration

through the soils or geologic formations. Sec

tion 4.1.3.2.1 discusses the contaminantmove

ment in groundwater. The outfall of the River

Water System from L -Area to L -Lake is down

gradient of the contaminated areas and is not a

mechanism for contamination . The continued

outfall of L -Area water would not foster con

tamination of soils or geology.

4.1.2.1 Affected Environment

Section 4.1 contains a description of L -Lake.

The intake tower for L -Lake is offset to the east

of the former Steel Creek stream bed. The in

take tower includes two service and emergency

gates near the bottom of the lake and two regu

lating gates 7 feet (2 meters) below the normal

pool elevation, 190 feet (58 meters). Two serv

ice gates located at the base ofeach collective

well regulate flows to Steel Creek. This intake

tower design permits water flow regimes from

the upper [ 177 feet (54 meters ) to 183 feet

(56 meters )] and/or lower (115 feet (35 meters )

to 119 feet (36 meters)] regions of L -Lake.

4.1.1.2.2 Shut Down and Deactivate

The lowering of the poolwould not compromise

geologic conditions or resources. Because no

changes in the stability of the geologic forma

tions are likely, this alternative should not com

promise the structural competency of the

L -Lake dam . Permitted Wastewater and Stormwater Dis

charges to L - Lake

TE

Asthe lake recedes, Steel Creek would resume a

course similar to the old stream channel, but

within recently deposited lacustrine deposits.

Reestablished stream activity could remobilize

soils contaminated by preimpoundment activi

ties. Section 4.1.2.2 describes impacts related to

the reemergence of SteelCreek. DOE studies

indicate that higher concentrations of cesium

contamination already exist below L -Lake

(DOE 1984). Soils and exposed geological

strata could become contaminated downstream

of L -Lake during or after exposure . Potential TE

resuspension of contaminated sediments and

their redeposition to downstream areas would

result in small increments of contamination.

Contaminated soil resuspension should not oc- TE

cur if the recession is gradual(as expected) be

The South Carolina Department of Health and

EnvironmentalControl (SCDHEC ) has permit

ted three wastewater discharge outfalls (L -07,

L -07A , and L -08 ), the effluents ofwhich origi

nate from point and area sources in L -Area, to

discharge to L -Lake under National Pollutant

Discharge Elimination System PermitNo.

SC0000175. Outfall L -07 discharges Savannah

River water pumped from the L -Area water

storage 186 -Basin , sanitary effluent from Out

fall L -07A , process sewer and L -Reactor build

ingdrains wastewater, and L - Area stormwater.

This effluent flows to L -Lake through the lake's

influent canal. DOE has based Outfall L - 07 ef

fluent water quality limitations on maximum

and average flowsof 132million gallons
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(499,670 cubic meters) per day and 41.7 million

gallons ( 157,850 cubicmeters) per day , respec

tively ; these limitations are as follows

(SCDHEC 1996a):

Generation of the engine house effluent is nec

essary to maintain equipmentoperability ,but

does not occur because L -Reactor is shut down.

DOE has based Outfall L - 08 effluent water

quality limitations on maximum and average

flows of 2.367 million gallons (8,960 cubic

meters) per day and 912,000 gallons (3,450 cu

bic meters ) per day, respectively, and has estab

lished these limitations as follows:

Total suspended solids - daily maximum :

40 milligramsper liter;monthly average:

20 milligramsper liter

Oil and grease – daily maximum : 15 milli

gramsper liter;monthly average: 10 milli

gramsper liter

Total suspended solids - daily maximum :

40 milligramsper liter;monthly average:

20 milligrams per liter

pH - 6.0 to 8.5

Oil and grease – daily maximum : 15 milli

grams per liter; monthly average: 10 milli

gramsper liter

Outfall L -07A is the wastewater sampling point

for the L -Area sanitary wastewater treatment

plant. Outfall effluentwater quality limitations

are based on the treatment plant capacity limited

maximum flow of 35,000 gallons (133 cubic

meters) per day and have been established as

follows:

pH - 6.0 to 8.5

Water Quality

Total suspended solids - weekly average:

45milligrams per liter;monthly average:

30 milligramsper liter

Water quality comprises the physical and

chemical features that define the suitability of a

reservoir for a defined use . This EIS defines

water quality as physical and chemical charac

teristics that are suitable formaintaining bio

logically balanced communities in L -Lake.

Dissolved oxygen – dailyminimum :

1.0 milligram per liter

Biochemical
oxygen demand – weekly av

erage: 45 milligramsper liter;monthly av

erage: 30milligrams per liter

Fecal coliform - daily maximum : 400 per

100 milliliters,monthly average: 200 per

100 milliliters

DOEmonitored L -Lakewater quality exten

sively from the filling of the lake in November

1985 untilDecember 1992 as part ofthe

L -Lake/SteelCreek BiologicalMonitoring Pro

gram (Kretchmer and Chimney 1993). DOE

designed themonitoring program to meet envi

ronmental regulatory requirements associated

with the restart of L -Reactor, primarily Section

316 (a ) of the Clean Water Act, which addresses

thermal effects. Themonitoring included field

measurements,major ions, and plant nutrients;

trace metals and radioactive materials were

studied by DOE in 1995 and 1996 .

pH - 6.0 to 9.0

SCDHEC has not imposed effluentwater qual

ity limitations on ammonia , nitrate-nitrite (as

nitrogen ), or zinc primarily due to sufficient

blending with other waste streamsatOutfall

L - 07 . Field Measurements and Thermal Structure

Outfall L -08 receives wastewater from the

L -Area engine house cooling system , L -Reactor

building drains, and L -Area stormwater runoff.

The monitoring program noted that vertical

gradients in L -Lake water temperature caused

by solar heating begin to develop in January or

February and becomemore pronounced through
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the spring (Kretchmer and Chimney 1993). A

more or less stable condition of thermal stratifi

cation typically exists by May. Temperatures in

the mixed surface zone are highest in July or

August, averaging about80.6 ° F (27° C ); the

bottom zone, or hypolimnion, has temperatures

ranging from 55.4 ° to 60.8°F (130 to 16 °C ). The

zone between themixed layer and thehy

polimnion, the metalimnion , is where the

change in temperature with depth ismost rapid .

Since 1987 the top of themetalimnion is typi

cally between 16 and 20 feet (5 and 6 meters)

deep during thermal stratification in L -Lake.

Maximum temperat near the surface is about

86 °F (30° C ). Fall turnover usually begins in

September or October and ends in November.

Lowest temperature ,around 50° F (10°C ), usu

ally occurs in January or February.

Mean specific conductance values in L -Lake

during 1992 ranged from 58 to 73 microsiemens

per centimeter (Kretchmer and Chimney 1993).

These values were similar to those seen in 1991,

which were 10 to 20microsiemens
per

centime

ter lower than 1990 levels , which were, in turn ,

10 to 20 microsiemensper centimeter lower

than in previous years. The highest specific

conductance values were generally recorded in

the hypolimnion during the fall.

Thermal stratification prevents bottom waters

from exchanging gases with the atmosphere ,

and dissolved oxygen levels in the L -Lake hy

polimnion begin to decline in February or

March (Kretchmer and Chimney 1993). Dis

solved oxygen in the hypolimnion first fell be

low 1milligram per liter in March in 1988, in

May from 1989 through 1991, and in July in

1992. This progression, indicative of a slower

decline in hypolimnetic oxygen concentrations

during stratification , indicates that L -Lake was

becoming less eutrophic . Surface -water oxygen

levels were seldom below 5 milligramsper liter.

The highest dissolved oxygen concentrations,

11 to 13 milligrams per liter, occurred in Janu

ary, February, or March; this is mainly a func

tion of temperature , butthe highest levelswere

probably influenced by photosynthesizing phy

toplankton near the water surface.

DOEmeasured oxidation -reduction (redox) po

tential in L -Lake to distinguish reducing and

oxidizing areas and to quantify the reducing

potential. Low strongly negative) redox poten

tials, which are associated with anaerobic con

ditions in the hypolimnion, indicate reducing

conditions. Conversely, high or positive redox

potentials occur in the presence ofoxygen and

indicate oxidizing conditions. During the

L -Lakemonitoring program , redox potential

was positive throughout the water columnex

cept in the hypolimnion during summer stratifi

cation (Kretchmer and Chimney 1993). The

lowest potential, about 250 millivolts, occurred

in 1988. The hypolimnetic potentials have been

less strongly negative in more recent years. The

lowestredox potential in 1992 was about

-130 millivolts.

Major Ions

From 1988 to 1992, pH values in L -Lake varied

from about 5 to 9 ; the lowest values were not

associated with a particular area or season,but

the highest were attributable to high rates of

phytoplankton productivity in the surface -water

layer,ormixingzone, from February to July

(Kretchmer and Chimney 1993). Mixing zone

pH levels were seldom below 6 .

Alkalinity concentrationsranged from 6 to

29 milligramsof calcium carbonate per liter in

1992 , similar to levels observed in 1990 and

1991, but lower than those seen in the first part

ofthe study (Kretchmer and Chimney 1993).

Alkalinity values were highest in the hy

polimnion, usually in the summer or fall and

lowest in the winter . At 5.4 to 6.8milligrams

per liter , chloride concentrations in 1992 were

similar to those in 1991, 1986 , and 1987 but

lower than the values observed from 1988

through 1990. Sulfate levels ranged from 2 to

8 milligrams sulfate per liter in 1992, similar to

values seen in the first years of the study and in

1990 and 1991, but lower than those observed in

1988 and 1989.
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7

Concentrations of total calcium ,magnesium ,

and potassium declined slightly during the

years of study and were never higher than

about 5 milligrams per liter (Kretchmer and

Chimney 1993). The ranges oftotal sodium

concentrations increased from 1986 (6 to

12 milligramsper liter ) to 1989 (9 to

18 milligramsper liter ) and then decreased in

1991 and 1992 (4 to 9 milligrams per liter ).

and Chimney 1993). Average orthophosphorus

loading rates ranged from 2.6 to 3.3 milligrams

ofphosphorous per squaremeter per day for the

same years. These values are well above load

ing levels considered dangerous for eutrophica

tion (Wetzel 1983).

Mean total aluminum concentrationsmeasured

from 1985 to 1992 were generally slightly

greater than the detection limit (0.1milligram

per liter) and no higher than about 1 milligram

per liter (Kretchmer and Chimney 1993). Total

aluminum levels appeared to decline during the

study period. Iron was present in higher con

centrations in hypolimnetic samples (0.05 to

12 milligrams per liter )than in mixed layer

samples (less than 0.02 to 6.9 milligramsper

liter), reflecting thermal stratification and disso

lution in the reducing conditions in the hy

polimnion. Totalmanganese behaved similarly

and ranged from 0.04 to 8.5 milligramsper liter

in the hypolimnion and from less than 0.02 to

2.2 milligramsper liter above the hypolimnion.

L -Lake acted as a very effective nutrient sink

and retained most of the total phosphorus and

orthophosphorus imported to it during the first

4 years of the study. L -Reactor effluenthad

mean total phosphorus concentrations ranging

between 0.06 and 0.246 milligramsof phospho

rous per liter from 1985 to 1989 (Wike et al.

1994 ). L - Lake concentrations of total phos

phate and orthophosphate ranged from 0.014 to

0.864 milligrams per liter and less than 0.005 to

0.816 milligrams per liter, respectively, from

1985 through 1989. L -Lake also retained phos

phorus from 1990 through 1992, but the concen

trations in L -Reactor effluent were slightly

lower (Kretchmer and Chimney 1993). Total

phosphorus concentrations in themixing

(euphotic, in this case ) zone of L -Lake appeared

to decrease from 1990 to 1992 (Carson and

Cichon 1993) .

Nutrient LoadingTE

Nutrient availability has declined in L -Lake

since 1986; this is partly associated with the

reservoir aging process. Reservoirs are often

characterized by a pulse ofhigh primary pro

ductivity (milligrams of carbon fixed per square

meter per day) soon after filling due to there

lease of nutrients from inundated terrestrial

vegetation and soils; this productivity usually

decreases with time. However, L - Lake also re

ceived nutrients in the water imported from the

Savannah River,which contains relatively high

levels of total phosphorus and nitrogen , which

created eutrophic conditions in L -Lake. Re

duced nutrient loading to L -Lake began with re

ductions of L -Reactor power levels in 1987, and

continued after DOE shut L -Reactor down in

mid - 1988. Annual loading rates for total phos

phorus ranged from 4.6 to 6.0 milligramsof

phosphorous per square meter per day from

1990 to 1992, decreasing each year (Kretchmer

L -Lake also retained imported nitrogen com

pounds (nitrite , nitrate , and ammonia ) very ef

fectively (Wike et al. 1994 ). However, the lake

usually exported more total Kjeldahlnitrogen

than was present in the reactor effluent. Con

centrations of L -Lake nitrogen compounds

ranged as follows: nitrite , from less than 0.001

to 0.092 milligramsper liter ; nitrate, from less

than 0.001 to 0.660 milligramsper liter; and

ammonia, from less than 0.01 to 2.72 milli

gramsper liter. Nitrate, ammonium , and total

Kjeldahl nitrogen concentrations in the mixing

(euphotic, in this case ) zone of L -Lake appeared

to decrease from 1990 to 1992 (Carson and

Cichon 1993 ).

Trace Metals

During September 1995, eight L -Lake water

samples were analyzed for the U.S. Environ

mental Protection Agency (EPA) target analyte

list of metals (Paller 1996 ). Although none of
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the detected metals exceeded EPA acute toxicity

screening values for surface waters, the detec

tion limits for cadmium , lead,mercury, and sil

ver were above chronic toxicity screening

values (0.66 microgramsper liter, 1.32 micro

grams per liter, 0.012 microgramsper liter, and

0.012 microgramsper liter, respectively ).

Therefore, the elimination of thesemetals as

potential L -Lake contaminants is impossible.

Both iron and beryllium weremeasured at con

centrations that exceeded their respective EPA

chronic screening values ( 1,000 micrograms per

liter and 0.53microgramsper liter , respec

tively), but these concentrations occurred in the

hypolimnion during stratification . DOE con

cluded that radionuclides and metals in L -Lake

water were not present in levels likely to be

deleterious to aquatic life (Paller 1996).

The analysis of the eight sediment cores from

L -Lake also included semivolatiles and nonra

dionuclide inorganics (Koch,Martin , and Friday

1996). Inorganics weremeasured at concentra

tions below EPA Region IV screening levels

with the exception of arsenic and one value for

mercury. The arsenic results were below detec

tion limits,making it impossible to definitely

eliminate it as a potential contaminant.

TC

4.1.2.2 EnvironmentalImpacts

4.1.2.2.1 No Action

There would be no new or enhanced impacts to

L -Lake surface water quality or use if the

No-Action Alternative was selected.

4.1.2.2.2 Shut Down And Deactivate

Radioactive Materials

Lake Recession

Early periods of P -Reactor and , to a lesser ex

tent, L -Reactor operations resulted in releases of

radioactivematerials, primarily cesium -137,

into Steel Creek where they became adsorbed

on sediments in the Steel Creek floodplain that

was inundated with the filling of L -Lake. Dur

ing September 1995, DOE screened eight

L -Lake water samples for a variety of radioac

tive contaminants (Paller 1996 ). No contami

nants were present in concentrations likely to be

deleterious to aquatic life, although cesium -137

and alpha- emitting radionuclideswere present

in measurable amounts in one of four water

samples taken near the bottom of the reservoir.

A fraction of cesium -137 remobilizes from

sediments under anoxic conditions and this

mechanism probably was responsible for the

sample results.

DOE performed three computer -based simula

tions of the fluctuations in water level for L

Lakewith a constant discharge of 10 cubic feet

(0.28 cubic meter) per second using the U.S.

ArmyCorps of Engineers’ hydrologic model

HEC - 5 with rainfall and stream flows for 1980

to 1989 (a low - flow droughtperiod) and 1960 to

1979 (average and above average stream flow

conditions). These simulations assumed that no

additional water (e.g., groundwater seepage )

was entering L -Lake; thus, they produced re

sults that probably exaggerate the extentof

L -Lake recession . The simulations used both

precipitation-based stream flows and stream

flow -based L -Lake inflows computed with U.S.

Geological Service gauging station data for Up

per Three Runs. As expected, all simulations

predicted that L -Lake would slowly drain from

its normal poolof 190 feet (58 meters) above

mean sea level (a reasonable outcome consider

ing the size of the L -Lake watershed, estimated

Steel Creek inflows, and required reservoir dis

charge). One simulation used the historic low

flow period in conjunction with stream flow

based modeling to predict that recession to

within 15 feet (4.6 meters) of the nominal dam

site Steel Creek elevation of 115 feet

In a 1995 study DOE took sediment core sam

plesfrom eight L -Lake locations (Koch,Martin ,

and Friday 1996 ). These locations included a

single, shallow (nonchannel) and seven channel

sites. Themean volume-weighted cesium - 137

concentration for all L -Lake core samples was

8.7 picocuries per gram and ranged as high as

103 picocuries per gram .
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L -Lake Embankment(35.1 meters) would occur within about 10 years

(Jones and Lamarre 1994 ).

Regardless of the extentof L -Lake recession,

the L -Lake embankment and outlet workswill

need continued inspection andmaintenance as

required by the Federal Energy Regulatory

Commission . These inspectionswill, among

other things, ensure that the intake tower gates

remain unobstructed to prevent a partial or

complete refillofthe reservoir (Jones 1996b ).

DOE has analyzed the water balance of L -Lake

to determine the significance of various water

balance components and to estimate the overall

effects of reducing the discharge from L -Lake to

Steel Creek . Savannah River pumping inflow

from L -Area and discharge through the dam into

SteelCreek have dominated the water balance

of L -Lake. The average natural inflow to

L -Lake from precipitation (5.7 cubic feet

(0.16 cubic meter) per second ] and natural Steel

Creek flow ( 1.4 cubic feet (0.04 cubic meter )

per second] combine to about 7.1 cubic feet

(0.20 cubic meter) per second. Annual average

lake water losses through evaporation [4.9 cubic

feet (0.14 cubic meter) per second] and ground

water percolation ( 1.1 cubic feet (0.03 cubic

meter )] per second combine to about 6.0 cubic

feet (0.17 cubic meter) per second. With a re

duction in lake discharge to the base flow of

10 cubic feet (0.28 cubicmeter ) per second,

about 4,100 gallons perminute (0.26 cubic me

ter per second ) of additional inflow would be

required to maintain the lake level. A higher

estimate of groundwater percolation loss

(3,200 gallons per minute (0.20 cubicmeter per

second)] due to uncertainty in estimating this

loss parameter would increase the additional in

flow needed to maintain the lake level to

6,700 gallons per minute (0.42 cubic meter per

second) (del Carmen and Paller 1993a ).

The ability to withstand an extremely rare prob

able maximum flood [a hypothetical intense

storm event releasing 28 inches (72 centimeters)

of rain in 24 hours ] has been included in the de

sign bases for the embankment. The existing

outlet works and naturalsaddle emergency

spillway to Pen Branch would remain fully ca

pable of controlling and attenuating all storm

event impacts, including those resulting in the

probable maximum flood , without overtopping

the embankment (DOE 1984 ).

Pooling at the Intake Tower

The L -Lake intake tower is offset from the

midline of the Steel Creek bed and the lower

gates are at an approximate 15 foot (5 meter )

higher elevation [130 feet (40 meters ) above

mean sea level] than the former Steel Creek bed

[115 feet (35meters) abovemean sea level]. As

a consequence, complete recession to the former

Steel Creek channelwould notbe possible and a

small pond would form upstream of the dam .

This pond should act as a stilling basin and,

therefore, ameliorate the siltation discussed

above. However, once this pond has silted in ,

storm events could cause movement of the silt

to reaches of Steel Creek below the dam .

Siltation

Because the L -Lake watershed cannot supply

enough water to compensate for natural water

losses and the required discharge to Steel Creek,

DOE expects continualdrawdown of the lake,

with minor periodsof reservoir refilling during

storm events. Once exposed, the lakebed would

be susceptible to erosion with potentially in

creased levels of siltation in Steel Creek . This

process could result in the downstream transport

of contaminants .

L -Area Sanitary Wastewater Treatment

Plant

DOE has calculated that L - Area Sanitary

Wastewater Treatment Plant (SWTP ) discharges

from National Pollutant Discharge Elimination

4-22



DOE/EIS -0268

term basis, increased suspended solids concen

tration ,which contributes to turbidity , could in

terfere with primary and secondary production,

flocculate plankton, and reduce food availability

to invertebrates and fish .

System -permitted Outfall L -07A through Out

fall L -07 to L -Lake would notmeet the

SCDHEC water quality criteria after DOE

stopped pumping Savannah River water to

L -Area. DOE has evaluated additional treat

ment plant technologies to achieve the required

water quality at Outfall L -07 and found them

impracticable because of extensive operation

and maintenance (O & M ) requirements. As a

consequence, DOE evaluated an alternative

( elimination ofSWTP discharges to surface

water) as three options:

The reduction of Savannah River water input to

L -Lake would result in reduced loading ofnu

trients. This process has been proceeding in

L -Lake without apparentdeleterious effects.

However, the change in nutrient loading caused

by water supply shutdown probably would be

more severe than previous reductions. Reduced

primary and secondary productivity in L -Lake is

the likely result, with the reservoir shifting from

a eutrophic condition to a less eutrophic, or even

mesotrophic , condition .

Option 1 - septic tank and tile field installa

tion with estimated capital and annual O & M

costs of $ 70,100 and $ 120, respectively

Option 2 - Central Sanitary Wastewater

TreatmentFacility tie-in with estimated

capital and annual O & M costs of

$ 1,970,000 and $ 10,200, respectively

.
Option 3 - spray field discharge with esti

mated capital and annual O & M costs of

$ 970,000 and $88,260,respectively

Whether the change from eutrophic conditions

would be a benefit or a problem would depend

entirely on management objectives. If the ob

jective ismaximum fish production, the nutrient

loading reduction would be a problem ; if the

objective is maximum water clarity and aesthet

ics, the reduction would be a benefit. To date ,

DOE hasmanaged L -Lake to meet regulatory

requirements while functioning as a cooling res

ervoir. Because a reduction in nutrient loading

would not affect these objectives, the change in

nutrient regimewould be neutral for lakeman

agement.

After comparing the net present values ofthese

options, DOE concluded that Option 1 would be

the preferred approach if the L - Area worker

population did not exceed 250 persons. If the

population exceeded 250 ( e.g., due to new mis

sion assignments ), DOE concluded that Op

tion 2 would enable more efficient use of

current resources and would provide the neces

sary treatment regardless ofworker population

variability (Huffines 1996b ).

Water Quality

DOE anticipates an increase in suspended solids

loading in L -Lake,and perhaps in its discharge ,

as recession occurs. This increase is likely to be

temporary ; as exposed sediments become vege

tated, the rate of erosion would decline and

eventually stabilize. The discharge of signifi

cant suspended solids from L -Lake would de

pend on the size and morphometry of the

remaining pool, and on storm eventconditions

such as rainfall and wind speed . On a short

In addition to lower rates ofnutrient loading, the

reliance on local runoff and groundwater for re

charging L -Lake would result in lower concen

trations of dissolved salts , or lower ionic

strength . Loss of ionic strength had at least one

biologicaleffect during the Par Pond drawdown.

Without the addition of Savannah River water ,

the relatively large influence of groundwater

and natural surface inputs (having low ionic

strength ) to Par Pond was observed in the water

chemistry ofthe reservoir. The specific conduc

tance of the Par Pond surface water was reduced

from near 100 microsiemens per centimeter to

about 30microsiemens per centimeter. Coinci

dent with the new ionic strength was the en

hanced bioaccumulation of cesium - 137 in

largemouth bass muscle tissue. This observa
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.
tion suggested an increased biologicalmobility

of cesium -137 (a metabolic analog ofpotas

sium ) stemming from the reduced availability of

potassium (DOE 1995a).

.

4.1.2.2.3 Shut Down and Maintain

Meyers Branch confining system (Crouch

Branch confining unit)

Dublin aquifer system (Crouch Branch aqui

fer)

Allendale confining system (McQueen

Branch confiningunit)

Midville aquifer system (McQueen Branch

aquifer)

Appleton confining system (the base ofthe

province)

Refer to Section 4.1.2.2.2 . This alternative

would have essentially the samewater flow as

those described for the Shut Down and Deacti

vate Alternative; therefore, those impacts are

likely to prevail under both alternatives.

4.1.3 GROUNDWATER .
Regional Hydrogeologic Setting

This section summarizes groundwater data

available for the SRS (see Aadland, Gellici, and

Thayer 1995; WSRC 1996f) and pertinent data

about the areas of interest for this EIS . It de

scribes the current knowledge base of ground

water conditions and character at the SRS and

near L-Lake, including such issues as transmis

sivity , hydraulic conductivity , flow directions,

quality , and usage.

The Floridan aquifer system and theMeyers

Branch confining system comprise approxi

mately 550 feet (170meters) of the nearly

2,000 feet (610meters) ofsediments that are the

Southeastern Coastal Plain Hydrogeologic

Province (Aadland,Gellici, and Thayer 1995).

The Floridan aquifer system is the only hydro

geologic unit that the alternatives are likely to

affect (see Aadland ,Gellici, and Thayer 1995 ;

WSRC 1996f). Figure 4-5 shows the correlation

between the geological formations and hydros

tratigraphic nomenclature.

4.1.3.1 Affected Environment

The Floridan aquifer system includes two aqui

fers and one confining unit:

Water table aquifer

First confining unit

First confined aquifer

Two hydrogeological provinces underlie the

SRS - the PiedmontHydrogeologic Province,

which is older , and the Southeastern Coastal

Plain Hydrogeologic Province ( see Figure 4-10 ).

The Piedmont Province consists of the crystal

line bedrock and consolidated sediments of the

Triassic- age Dunbarton Basin . Aquifers in this

province are generally not useful for domestic

or industrial purposes. The Southeastern

Coastal Plain Hydrogeologic Province consists

of Cretaceous, Tertiary, and Quarternery age

unconsolidated sands, silts, limestones, and

clays, as described in Section 4.1.1.1. This

province includes the formations that provide

water for the SRS and the surrounding area.

The Southeastern Coastal Plain Hydrogeologic

Province contains the following aquifer systems

for the southeast portion of the Site (youngest to

oldest, see Figure 4-5); SRS- specific units are

shown in parenthesis :

Aquifer Units

The water table aquifer and the first confined

aquifer are the focus of the groundwater analy

sis in this EIS because none of the alternatives

would affectthe other aquifers or the confining

units (see Aadland,Gellici, and Thayer 1995;

WSRC 1996f).

The water table aquifer is comprised of the To

bacco Road Formation, the Dry Branch Forma

tion, and the Clinchfield or Santee Formation .

The first confining unit includes the

Floridan aquifer system
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centrations of dissolved and suspended solids

are low but iron concentrations are high in some

aquifers (DOE 1995c).

Clinchfield Formation, the Santee or Tinker

Formation ,and possibly the Warley Hill For

mation, depending on the SRS area. The first

confined aquifer (also known as the Gordon

aquifer (Aadland,Gellici, and Thayer 1995 )]

might include the Congaree, Warley Hill, Fish

burne, and possibly Williamsburg Formations,

depending upon the SRS area. Section 4.1.1.1

contains descriptions of these sedimentary

strata . Run -on and rainfall provide recharge to

these units .

TE

Groundwater Flow

Groundwater flow rates vary from severalhun

dred feet to a few inches per year towards the

onsite streams and swamps and eventually to the

Savannah River. Groundwater movement is

controlled by the incision depth of streams,

most of which receive a significant contribution

from groundwater. In addition , groundwater

flow has a downward component to deeper aqui

fers at inter- stream areas (e.g., at L -Area and at

P -Area ). In some places it flows upward to

shallow aquifers closer to streams (e.g., at F

and H -Seepage Basin Areas).

The shallow aquifers at the SRShave been

contaminated with tritium , metals, and indus

trial solvents; however , only 5 to 10 percentof

the aquifer system is affected sitewide. Most of

the L - Area contamination is associated with

facilities where lead, radionuclides,and solvents

are present in the water table aquifer (see Figure

4-13 ). L -Area, which is on thenorthwest shore

of L -Lake , contains four Comprehensive Envi

ronmentalResponse, Compensation , and Li

ability Act (CERCLA ) units several SRSreports

have been prepared to describe its geology and

soils and the related environmental issues for

these areas. Thewater table aquifer outcrops

above the current level of L -Lake but contami

nation from L -Area CERCLA units has not

reached the pointwhere the aquifer outcrops

(WSRC 1996g). The first confined aquifer is

not known to have been contaminated in any of

the areas of interest for this EIS. Contaminant

releasesto the subsurface at SRS have notmi

grated offsite (DOE 1995c) .

Groundwater Use

L -Area is situated above a groundwater divide,

flowing either to Steel Creek or a Pen Branch

tributary (Figure 4-11). The contaminated sites

are located between the southeast side of L -Area

and the northwest side of L -Lake. The shallow

groundwater on this side of L -Area flows south

east toward the lake. Figures4-11 and 4-12 are

potentiometricmapsof the water table aquifer

and the first confined (Gordon ) aquifer, respec

tively ( from WSRC 1996f and Aadland,Gellici,

and Thayer 1995, respectively ).

Tables 4-1 and 4-2 list the principalhydro

geological properties of the water table aquifer

and the first confined aquifer, respectively, for

the three areas of interest.

In the area surrounding SRS, groundwater is

used for domestic and industrial purposes. DOE

identified at least 56 majormunicipal, indus

trial, and agricultural groundwaterusers within

20 miles (32 kilometers) of the center of SRS

for a totalof 36 million gallons (140,000 cubic

meters) per year (DOE 1987a ). Groundwater is

the only source of domestic water at the SRS,

with treatment required for pH and iron . Al

most every major operating area has groundwa

ter production wells. The total SRS

groundwater production is 9 to 12 million gal

lons (34,000 to 45,000 cubic meters) per day

(Arnett,Mamatey, and Spitzer 1996 ). On the

SRS,only the deeper aquifers provide drinking

water and also water for some industrial uses.

Off the Site to the north , theWater Table Aqui

fer is the source of drinking water and other

municipal purposes (DOE 1987a). Southeast of

Groundwater Quality

In most of South Carolina , including the SRS,

the quality of the groundwater, is generally very

good. The pH range for SRS
groundwater is

4.9 to 7.7 , and the water is generally soft. Con
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Table 4-1. Water table aquifer.

Property L -Areaa SRS Streamsand Par Pondb

Hydraulic conductivity 1.11 - 2.52 feet per day

(0.34-0.77meter per day)

16.4 x 10-2 - 39.37 feet per day

(5.5 x 10-2 - 12.3 meters per day)

0.20 -0.25Porosity 0.20 -0.25

Hydraulic gradient Not reported0.011 - .013 foot per foot

(0.0033-0.040 meter per meter)

Not reportedTransmissivity 419.8-960.1 square feet per day

(39.0 - 89.2 square meters perday )

a . Source: WSRC (1996g).

Source: WSRC (1996 ).b .

Table 4-2. First confined aquifer.

Property L -Area SRS Streams Par Pond

Hydraulic conductivitya 24 -41 feet per day 24 - 41 feet per day 35 feet per day

(7.32 - 12.5 meters per day) (7.32 - 12.5 meters per day) (10.67meters per day)

Porositya Average - 33.5 % , Range 26 - Average - 33.5 % , Range 26 - Average - 33.5 % , Range 26 - 38 %

38 % 38 %

Transmissivity GSAD: 1,292 - 2,562 square feet GSA : 1,124 - 2,562 square feet Par Pond: 2,116 square feet per

day

(120 - 238 square meters per (12,099 - 25,578 squaremeters (196.6 square meters per day)

day) P -Area: 13,400 square feet per

C -Area: 68.2 square feet per day

day
(1,245 squaremeters perday)

(734 square meters per day)

per day per day

per day)

a .

b .

Source : Aadland, Gellici, and Thayer (1995).

GSA = General Separations Area.

Source : WSRC (1996 ).C. TE

the Site the primary drinking water aquifers are

the first confined aquifer and the deeper aqui

fers.

The currentuse of groundwater at K- and

L -Areas is for the industrial and domestic water

supply . K-and L -Areas each have two produc

tion wells,which produce from the lower por

tions of the Crouch Branch aquifer and the

upper portions of the McQueen aquifer. These

two aquifers are not contaminated in the area of

interest and are prolific water producers at the

SRS (Beavers 1996 ).

minute (0.032 -cubic-meter -per-second )pumps

but produce only 200 to 300 gallons perminute

(0.013 to 0.019 cubic meter per second). The

domestic water supply has been supplemented

by the recenthookup to the sitewide water sys

tem . The two L -Area wells are producing at

lower levels than originally designed but are

meeting demands. One well is producing 200 to

300 gallonsperminute with a 500- gallon-per

minute pump. The other well produces 100

gallonsperminute (0.0063 cubic meter per sec

ond ) on a 150-gallon-per-minute (0.0095 -cubic

meter-per second) pump. The deeper aquifers at

L -Area are capable of producing thewater re

quired to operate the facility if the RiverWater

System were shutdown (Beavers 1996 ).

The wells at K -Area currentlymeet the demands

ofthe facility. The wells have 500 -gallon -per
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4.1.3.2 EnvironmentalImpacts

4.1.3.2.1 No Action

contamination within the vadose zone. If, in

fact, the water table aquifer is homogeneous,

then contaminantmigration would be acceler

ated by the increased velocities. An earlier

study indicated that the travel time from the

L -Reactor seepage basin (another one of the

fourCERCLA units ) would be21 years to

L -Lake compared to 18 years to natural Steel

Creek level (DOE 1984).
TTC

Under this alternative,DOE would maintain

L -Lake in its current state . The water table aq

uifer gradient, level, and flow rate should re

main constantbecause the L -Lake outfall would

continue to discharge; therefore, the aquifer

would maintain reservoir elevation . At L -Area,

this alternative would not affect contaminants in

this aquifer. Infiltration of water from the River

Water System does not occur at L -Reactor but

downgradientof L -Reactor at the L -Lake outfall

and, therefore, would notmobilize contaminants

in the water table aquifer. Because L -Lake and

the first confined aquifer are not in direct com

munication at the lake, the continued operation

of the River Water System would not affect

groundwater conditions in the first confined

aquifer.

Removal of the water from L -Lake would have

little effect on groundwater elevation , gradient,

flow rates, or flow direction in the first confined

aquifer, which is not in direct communication

with the lake or thewater table aquifer . This

aquifer contains no known contamination .

River Water System outfalls do not directly in

fluence the first confined aquifer, so discon

tinuation of the L -Lake outfallwould have no

effect on this aquifer. There is a possibility that

the reduction ofreservoir levels could influence

the downward flow into the first confined aqui

fer below the dam .

TC

TC

Under theNo-Action Alternative, the River

Water System would provide fire protection

water for K- and L - Areas. DOE would mini

mize the need for river water by using the exist

ing pumps screened into the deeper aquifers

(Crouch Branch and McQueen Branch )more

under this alternative. However, the nature and

character ofthese aquifers would notchange.

The net increased well water demand would be

approximately 200 gallons per minute (0.013

cubic meter per second ) for each area.

As compared with theNo-Action Alternative,

this alternative would cause a further increase at

K- and L - Areas in the demand for groundwater

from the deeper aquifers of up to 200 gallons

per minute (0.013 cubic meter per second) at

each reactor area. Aquifer conditions would not

change.

L12-03

4.1.3.2.3 Shut Down and Maintain

4.1.3.2.2 Shut Down and Deactivate The impacts discussed above for the Shut Down

and Deactivate Alternativewould apply to this

alternative.

4.1.4 AIR RESOURCES

4.1.4.1 Affected Environment

Under this alternative, DOE would allow

L -Lake to drain . Because the water table aqui

fer conditions are currently influenced by

L -Lake, groundwater gradients, levels, and flow

rates probably would change. Calculations

demonstrate the water table elevation at the

L-Area Oil and Chemical Basin (one of four

CERCLA units )would drop approximately

4 feet (1meter), the local gradient would

steepen and local velocities would increase ap

proximately 12 percent (Halliburton NUS

1996). By lowering the levelofwater in the

aquifer, a possible effect could be to strand

4.1.4.1.1 Climate and Meteorology

The climate at the SRS is temperate ,with short

mild winters and longhumid summers. Warm ,

moist maritime airmasses affect the weather

throughout the year (Hunter 1990).
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Summer weather usually lasts from May

through September, when thewestern extension

of the semipermanent Atlantic subtropical

“ Bermuda" high-pressure system strongly influ

ences the area. Winds are relatively light, and

migratory low -pressure systemsand fronts

usually remain well to the north ofthe area.

The Bermuda high is a relatively persistent fea

ture, resulting in few breaks in the summer heat.

Climatological records for the Augusta,Geor

gia , area indicate that during the summer

months, high temperatureswere greater than

90 ° F (32° C ) on more than half of all days. The

relatively hot and humid conditions often result

in scattered afternoon and evening thunder

storms(Hunter 1990).

the monthly average and extremeprecipitation

amounts for the Site. Precipitation is fairly well

distributed throughout the year. Average pre

cipitation during the fallmonths (September,

October, and November) is slightly less than the

averages for the other seasons, accounting for

about 18 percent of the average annual total.

Themaximum rainfall amount in amonthly pe

riod was 19.6 inches (50 centimeters ) in October

1990 (Shedrow 1993). Themaximum annual

rainfall amount for the SRS was 73.5 inches

(187 centimeters ) in 1964 ; the record minimum

annual amount was 28.8 inches (73 centimeters)

in 1954 (Hunter 1990 ) .

The influence of the Bermuda high begins to

diminish during the fall, resulting in relatively

dry weather andmoderate temperatures. Fall

days are frequently characterized by cool clear

mornings andwarm sunny afternoons (Hunter

1990 ).

In Augusta ,Georgia , the greatest observed rain

fall for a 24-hour period was 8.6 inches

(22 centimeters ) in October 1990 (NOAA

1995). Hourly observations indicate that rain

fall rates are usually less than 0.5 inch (1.3 cen

timeters) perhour, although higher rates are

likely during spring and summer thunderstorms

(Hunter 1990) .

Occurrence of Violent Weather
During thewinter, low -pressure systemsand as

sociated fronts frequently affect the weather of

the SRS area. Conditions often alternate be

tween warm ,moist subtropical air from the Gulf

ofMexico and cool, dry polar air. The Appala

chian Mountains to the north and northwest of

the SRSmoderate the extremely cold tempera

tures associated with occasional outbreaks of

arctic air. As a consequence, fewer than one

third of all winter dayshaveminimum tempera

tures below freezing, and temperatures below

20°F (-7 ° C ) occur infrequently . Snow and sleet

occur on average less than once a year (Hunter

1990).

The SRS area experiences an average of

55 thunderstormsper year, half ofwhich occur

during the summermonths of June, July, and

August (Shedrow 1993). On average, lightning

flashes will strike six times per year on

0.39 square mile (1 square kilometer) of ground

(Hunter 1990). Thunderstormscan generate

wind speeds as high as 40miles (64 kilometers)

per hour and even stronger gusts. The highest

1-minute wind speed recorded at Bush Field in

Augusta ,Georgia, between 1950 and 1994 was

62 miles (100 kilometers) per hour (NOAA

1995).
Outbreaks of severe thunderstorms and torna

does occur more frequently during the spring

than during the other seasons. Although spring

weather is variable and relatively windy, tem

peratures are usually mild (Hunter 1990).

Precipitation

Since SRS operations began , nine confirmed

tornadoes have occurred on or close to the Site;

eight caused light to moderate damage. The

tornado of October 1, 1989, caused considerable

damage to timber resources on about

1,097acres (4.4 square kilometers) and lighter

damage on about 1,497 acres (6 square kilome

ters) over southern and eastern areas of the Site.

Estimated wind speeds for this tornado were as

The annual average precipitation for the SRS is

48.2 inches (122 centimeters). Table 4-3 lists
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Table 4-3 . Monthly precipitation amounts for the Savannah River Site.a,b,c

Month
Average Maximumd Minimumd

January 4.17 10.02 (1978) 0.89 (1981)

February 4.61 7.94 (1956 ) 0.94 (1968)

March 5.02 10.96 (1980) 1.31 (1985)

April
3.49 8.20 (1961) 0.57 (1972)

May 4.23 10.90 (1976 ) 1.33 (1965)

June 4.36 10.89 (1982 ) 1.54 (1979)

July 5.02 11.48 (1982) 0.90 (1980)

August 4.85 12.34 (1964 ) 1.04 (1963)

September 3.74 8.71 ( 1959) 0.49 (1985)

October 2.49 10.86 (1959) 0.00 (1963)

November 2.60 6.46 (1957) 0.21 (1958 )

December 3.63 9.55 (1981) 0.46 ( 1955)

a .

Annual 48.21 73.47 (1964 ) 28.82 (1954)

Source : Hunter (1990 ) .

b . Total inches ,water equivalent; to convert inches to centimeters,multiply by 2.54 .

c . Period ofrecord , 1951-1987.

d. Yearofoccurrence given in parentheses.

high as 150 miles (240 kilometers) per hour

(Shedrow 1993).

and west occurred during about 35 percent of

the monitoring period (Shedrow 1993).

Thirty - six hurricanes caused damage in South

Carolina between 1700 and 1992 (Shedrow

1993). The average frequency ofoccurrence of

a hurricane in the state is once every 8 years;

however, the observed interval between hurri

canes has ranged from as short as 2 months to as

long as 27 years. Eighty percent of these hurri

canes have occurred in August and September

(Hunter 1990 )

The average wind speed for the 5-year period

was 8.5 miles (14 kilometers) per hour. Hourly

averaged wind speeds less than 4.5 miles

(7.2 kilometers) perhour occurred about

10 percentofthe time. Seasonally averaged

wind speedswere highestduring thewinter

[9.2 miles (15 kilometers) per hour) and lowest

during the summer [7.6 miles (12 kilometers )

per hour ] (Shedrow 1993) .

Wind Speed and Direction Atmospheric Stability

Figure 4-14 shows a joint frequency summary

(wind rose ) of hourly averaged wind speeds and

directions collected from the H -Areameteoro

logical tower at a height of 200 feet(61meters)

during the 5 -year period from 1987 through

1991. This figure indicates that the prevailing

winds are from the south , southwest,west, and

northeast. Winds from the south , southwest,

The air dispersion coefficients used in modeling

are determined by atmospheric stability. Air

dispersion models that predict downwind

ground-level concentrations of an air pollutant

released from a source such as a dried lakebed

are based on specific parameters such as vege

tative cover, soil crusting, soil particle size,

wind speed, and air dispersion coefficients.
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This wind rose plot shows percent occurrence

frequencies ofwind direction and speed atthe Savannah River Site .

It is based on a composite ofhourly averaged wind

data from the H -Area meteorologicaltower for the

5 -year period 1987 through 1991. Measurements were

taken from 200 feetabove ground. Directions indicated

are from which the wind blows.

2.0 4.0 6.0 8.0

Wind Speed Class Boundaries

(meters/second)Source: Arnett,Karapatakis ,Mamatey (1993).

PK64-2

Figure 4-14. Wind rose for the Savannah River Site , 1987 through 1991.
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TE

The ability of the atmosphere to disperse air ( 161 kilometers) from the Site (Arnett,

pollutants is frequently expressed in terms ofthe Mamatey, and Spitzer 1996 ).

seven Pasquill-Gifford atmospheric turbulence

(stability) classes A through G. DOE has de Routine SRS operations release gases and par

termined occurrence frequencies for each sta ticulates that emit alpha- and beta -gammara

bility class at the SRS using meteorological data diation. DOE uses gross alpha and nonvolatile

collected from 1987 through 1991 at the onsite beta measurements as a screeningmethod to

meteorological towers. Relatively turbulent at determine the concentrations ofradionuclides in

mospheric conditions that increase atmospheric
the air .

dispersion , represented by the unstable classes

A , B , and C , occurred approximately 56 percent Table 4-4 lists the average 1990 to 1995 gross

of the time. Stability class D , which represents alpha radioactivity and nonvolatile beta radio

conditions that are moderately favorable for at activitymeasured at the SRS and at distances of

mospheric dispersion, occurred approximately 25 to 100 miles (40 to 161 kilometers) from the

23 percentof the time. Relatively stable condi Site. The results show no significant differ

tions thatminimize atmospheric dispersion, rep ences between onsite locations near operating

resented by classes E , F , and G , occurred about facilities and those at the site perimeter and be

21 percent of the time (Shedrow 1993).
yond (Arnett,Mamatey, and Spitzer 1996 ). The

1994 results show gross alpha concentrations

4.1.4.1.2 Existing Radiological Conditions dropping to near the 1990 levels. The cause of

the higher levels between 1991 and 1993 is un

Ambient air concentrations of radionuclides at known , butmodifications to the analytical pro

the SRS include radionuclides of natural origins, cedures are likely (Arnett,Mamatey, and

such as radon from uranium in soils,manmade Spitzer 1996).

radionuclides such as fallout from nuclear

weapons testing, and emissions from coal- fired Tritium (predominantly aswater) is the only

and nuclear powerplants . DOE operates a 35 radionuclide detectable at and beyond the SRS

station atmospheric surveillance program at the
boundary . Tritium is released from routine op

SRS, with stations inside the perimeter, on the erations at the separations areas, and in smaller

perimeter, and at distances as far as 100 miles
amounts from the reactor areas and D -Areas.

Table 4-4. Average gross alpha and gross betameasured in air (microcuries per milliliter), 1990-1995.

Average gross alpha

Locations 1990 1991 1992 1993 1994 1995

On Site
1.3 x 10-15 2.5 x 10-15 1.8 * 10-15

1.9 ~ 10-15 1.4 x 10-15 1.5 × 10-15

1.1 x 10-15 2.6 x 10-15 1.8 * 10-15 1.8 x 10-15 1.4 x 10-15 1.4 x 10-15

25 -mile radius
1.0 * 10-15 2.5 x 10-15 1.7 x 10-15 1.8 * 10-15

1.4 x 10-15 1.4 x 10-15

100 -mile radius 1.3 * 10-15
2.6 10-15 1.7 * 10-15 2.0 × 10-15 1.8 x 10-15 1.6 10-15

Average gross beta

Locations
1990 1991 1992 1993 1994 1995

On Site
1.8 x 10-14 1.8 10-14

1.9 ~ 10-14 1.8 10-14 1.7 * 10-14 1.8 x 10-14

Site perimeter
1.8 10-14 1.8 * 10-14 1.9 ~ 10-14 1.9 ~ 10-14 1.8 ~ 10-14 1.8 * 10-14

25 -mile radius 1.8 * 10-14 1.8 x 10-14
1.8 10-14 1.8 10-14

1.8 * 10-14 1.8 * 10-14

1.9 ~ 10-14 1.8 * 10-14 1.7 * 10-14 2.0 × 10-14 1.8 10-14 1.8 * 10-14

TE

Site perimeter

100 -mile radius
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50.6 and 2.9 microgramsper cubic meter for a

24-hour and annualaveraging timerespectively

(DOE 1995c). Themaximum observed 24-hour

and annual average PM10 concentrationsduring

1995 near the SRS were 62 and 19 micrograms

per cubicmeter, respectively (SCDHEC 1996b).

The highest tritium levels occur near H -Area,

but they decrease with distance from the release

point. Other onsite locations (F - Area and the

BurialGround) show concentrations substan

tially lower than those at H -Area but greater

than at the Site boundary ,while boundary trit

ium concentrations are higher than those on the

25-mile- (40-kilometer) radius. Total 1995 at

Te mospheric releases for tritium , cesium - 137, and

cobalt-60 were 96,700 curies, 0.015 curie, and

0.00006 curie ,respectively. Tritium in elemen

taland oxide forms accounts formore than 99

percent of the radioactivity released to the at

mosphere from SRS operations.

4.1.4.2 Environmental Impacts

4.1.4.2.1 No Action

The continued operation of the River Water

System would have no additional ornew im

pacts on the existing ambient air quality at SRS.

DOE would maintain L - Lake at its current full

level, and the potential for exposed sediments

that could becomeairborne would beminimal.

The calculated dose to themaximally exposed

individual from airborne releases using the

CAP88 code during 1995 was 0.8 millirem ,

which is 0.8 percent of the EPA airborne emis

sion standard of 10 millirem -per-year due to

radioactive emissions from DOE facilities

(40 CFR 61, Subpart A ) (Arnett,Mamatey, and

Spitzer 1996 ) .

As discussed in Section 4.1.2.1, the primary

contaminants in L -Lake are radionuclides and

metals. No organic contaminants are present in

the lakebed or floodplain at levels that are close

to EPA Region IV risk -based concentrations,

which DOE is using as screening levelsatSRS

(PRC 1996 ). Areas of highest contamination

have been found in the Steel Creek floodplain .

4.1.4.1.3 Nonradiological Ambient Air Con

centrations

4.1.4.2.2 Shut Down and Deactivate
Atpresent, SRS does not perform onsite ambi

ent air quality monitoring. The State of South

Carolina operates ambient air quality monitor

ing sites, including sites in Barnwell and Aiken

Counties. These monitors classify air quality

control regions of the state as either in compli

ance or out of compliance with National Ambi

ent Air Quality Standards. SRS is in a

designated attainment area because it complies

with those standards for criteria pollutants, in

cluding sulfur dioxide, nitrogen oxides (reported

asnitrogen dioxide), particulatematter (less

than or equal to 10 microns in diameter

(PM10)], carbon monoxide, ozone, and lead

(SCDHEC 1996b ) .

TE The shutdown and deactivation of the River

Water System would cause the level of water in

L -Lake to recede as discussed in Section

TC 4.1.2.2.2 ,and the lakebed could completely dry

over several years. The drainage of L -Lake

over several years could expose sediment cover

ing as much as 920 acres (3.7 square kilometers)

of surface area to windborne air currents (Ross

1996 ; Jones and Lamarre 1994). Winds could

resuspend dried lake basin sediments (DOE

1996c; PRC 1996 ) .

The only criteria pollutant potentially affected

by the actions proposed in this EIS is PM10 due

to the resuspension of dried lakebed sediment.

Calculatedmaximum boundary - line PM10 con

centrations from existing SRS operations are

The amount of airborne contamination resulting

from the exposure ofthe dried lakebed to air

borne currents would depend on such parame

ters as the types and quantities ofcontamination

in the sediment, the size of the dried lakebed

exposed to air currents, the localmeteorology

(the occurrence ofhigh wind speeds and precipi

tation ), and the amountof vegetative cover on
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the soil. The level of contaminants that could

volatilize from L -Lake sediments would be very

low and, therefore , potential environmental im

pacts would be negligible (DOE 1996c; PRC

1996 ).

ary of the SRS. Included in the table is a col

umn that shows the maximum allowable

concentrations established by SCDHEC

(SCDHEC 1976). As can be seen from the ta

ble, the resuspension of particulate matter from

L -Lake produces only minimal concentrations

by comparison to the allowable concentration .
DOE used the Multimedia Environmental Pol

lutantAssessment System (MEPAS)model

(Pacific Northwest Laboratory 1995) to estimate

quantities ofresuspended particulates originat

ing from the dried lakebed. DOE obtained joint

frequency wind data from the Savannah River

Technology Center to represent the wind speeds

and directions obtained from the L -Areamete

orologicaltower for the period from 1986 to

1991 (Simpkins 1996a). The algorithm used by

MEPAS to calculate the particulate emission

factor has a parameter for the frequency of dis

turbances on the dried lakebed . For conserva

tism , a factor of30 disturbances per month was

used to estimate a worst-case particulate emis

sion rate. The annual average concentration is

conservatively calculated to equal themodeled

24-hour average concentration .

Table 4-6 lists themaximum concentration in

air of the radiological constituents at the bound

ary of the SRS. A column also is included in

the table that shows the radiation dose resulting

from annual exposure to this concentration of

material. This radiation dose was calculated for

all potential exposure pathways ( e.g., ingestion

ofvegetation , direct exposure to radiation) that

are the result ofmaterial being suspended and

transported to the site boundary. These doses

are much less than the 10 millirem per year re

quirement in 40 CFR 61.

A netbenefit to the environmentwould be the

reduction of fugitive evaporative tritium emis

sions from the L -Lake surface. Themaximum

calculated reduction in airborne tritium concen

tration at the SRS boundary is 0.073 picocurie

per cubic meter.

Table 4-5 lists the maximum concentration in

air of nonradiological constituents at the bound

Table 4-5 . Maximum ground -level concentrations ofnonradiological air constituents at the Savannah

River Site boundary under the Shut Down and Deactivate Alternative.

Modeled maximum air Maximum allowable

Nonradiological concentrationa
concentrationb

Constituent
(ug/m3)

(ug/m3)

Antimony 8.6 x 10-6
2.5

Arsenic 2.2 x 10-5
1.0

Beryllium 2.9 x 10-6
0.01

Cadmium 1.3 x 10-6
0.25

Lead 1.8 x 10-5 1.5 ( calendar quarter average)

Manganese 3.8 x 10-7
25

PM10(0)
1.2 50 (annual average)

150 (24-hour average )

TC

a . DOE assumed 30 disturbances per month (i.e.,once per day ) of the lakebed so that the calculated air concen

tration is an upper bound of the concentration over any timeperiod (e.g.,week,month, year).

b . Source : SCDHEC (1976).

C. PM10 is particulate matter with a diameter of 10 microns(0.00001 m ) or less.
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Table 4-6 . Maximum ground-level concentrationsofradiological air constituents at the Savannah River

Site boundary under the ShutDown and Deactivate Alternative.

Modeledmaximum air

Radiological concentrationa Dose from all pathways

Constituent
(pCi/m3) (mrem /yr)

cesium - 137
7.2 x 10-6 3.6 x 10-4

cobalt-60
1.1 x 10-7 1.6 x 10-6

plutonium -239 7.9 x 10-9 3.5 x 10-5

promethium - 146 7.9 x 10-9 9.5 x 10-9

uranium -233 9.6 x 10-7 9.3 x 10-5

thorium -229
4.5 x 10-9 4.7 x 10-6

radium -225
4.5 x 10-9 1.8 x 10-7

actinium -225
4.5 x 10-9 3.0 x 10-8

TC

a .
DOE assumed 30 disturbances permonth (i.e., once per day ) of the lakebed so that the calculated air concen

tration is an upper bound ofthe concentration over any timeperiod (e.g.,week ,month ,year).

4.1.4.2.3 Shut Down and Maintain

The effects of this alternative would be the same

as those described in Section 4.1.4.2.2 . Impacts

to the existing SRS ambient air quality would be

minimal.

1022 is included in these sections. Sec

tion 4.3.5.3 discusses threatened and endangered

species separately because several, such as the

bald eagle and wood stork, range widely , and

thus are not restricted to a particular drainage

basin or reservoir. They also warrant additional

consideration because they are protected by

Federal law and therefore have special status

under theNational Environmental Policy Act

(40 CFR 1508.27).

4.1.5 ECOLOGY

4.1.5.1 Affected Environment

This section describes the plant and animal

communities in and around L -Lake, and charac

terizes the potential impacts of the Proposed

Action and alternatives. The Affected Envi

ronment and Environmental Impacts sections

are divided into three categories based on the

wildlife habitat that is present: TerrestrialEcol

ogy, Aquatic Ecology , and Wetlands. Sec

tion 4.1.5.1 describes the affected environment

by habitat type; the potential impacts of the

Proposed Action and alternatives are discussed

in Section 4.1.5.2 .

L -Lake contains phytoplankton , zooplankton,

macroinvertebrate , and fish communities char

acteristic of productive southeastern reservoirs

with significant nutrient inputs and long grow

ing seasons. A variety ofreptiles and amphibi

ans also occur in and around the lake. Birds

(shorebirds, wading birds, and birdsof prey)

and mammals forage around L -Lake and drink

its water. Several thousand ducks use L -Lake in

winter. Small numbers of (threatened ) bald ea

gles, ( endangered ) wood storks, and

(threatened ) American alligators are found in

the L -Lake area at certain times of the year.

Wetlands and potential impacts to wetlands are

discussed in considerable detail in Sections

4.1.5 , 4.2.5, and 4.3.5, in accordance with the

requirements of 10 CFR 1022. The floodplain

and wetlands assessment required by 10 CFR
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4.1.5.1.1 Terrestrial Ecology (Quercus spp.) forest on this side. These hard

woods tend to occur in areas ofhigher soil

moisture.The terrain surrounding L -Lake is almost en

tirely upland, with the exception of a few small

tributaries entering the reservoir (one from the

east and two from thewest), the Steel Creek

headwaters draining into the north (upper) end

of the lake, and the Steel Creek corridor below

the L-Lake dam . These uplands are dominated

by pine forests and pine plantations, which ap

proach to within 10 meters of the shore, where

wax myrtle (Myrica certifera) becomesdomi

nant. Some oaks, such as water oak (Quercus

nigra ) and willow oak (2. phellos ) occasionally

becomeestablished in the understories of the

less densely populated pine stands. Thesemore

open pine stands will often also contain black

cherry (Prunus serotina), black gum (Nyssa syl

vatica), and persimmon (Diospyros virginiana),

as wellas yellow jessamine (Gelsemium sem

pervirens), Japanese honeysuckle (Lonicera ja

ponica), broomsedge (Andropogon virginicus),

and an occasional bear-grass (Yucca filamen

tosa ).

The area on and around the dam at the south end

of the lake is open and grassy and maintained in

grass through regularmowing. The grasses are

typical cultivated lawn grasses ( e.g., fescue and

rye). Below the dam , directly in the Steel Creek

corridor, are wetlands dominated by sweetgum

(Liquidambar styraciflua), tulip poplar

(Liriodendron tulipifera ),Nuttall oak (Q. nut

tallii),and willow (Salix spp.). At elevations

immediately above these wetlands are slash and

long-leaf pines thatwere planted in the 1950s

(SRFS 1997).

TC

At the north end of the lake, on the north side of

SRS Road B , is L -Area. On the west side of L

Area is an open , regularly mowed grassy area

and a stand of slash pines that were planted in

1957. South of the reactor are young stands of

loblollies thatwere established in 1989. Along

the west side of the Steel Creek headwaters is an

old stand of oak -hickory forest thatbecamees

tablished in 1916 and along the shoreline is a

stand ofmature sweetgum and tulip poplar. The

uplands on the east side of the headwaters are

dominated by loblolly pines that were estab

lished in 1946 and 1953 (SRFS 1997).

TCOn the east side of the reservoir, the pines are

mostly long-leaf (P. palustris) with some lob

lolly and slash pine. There are also a couple of

small inclusions of oak -hickory forest. The

long-leaf pineswere planted in the early 1950s,

with the exception of a few small inclusions

planted in 1988 (SRFS 1997). Two smallstands

of loblolly towards the north end of the reser

voir were established in 1941 and 1937. A

third, and much larger stand (approximately 230

acres) of loblolly pines planted in 1971, ismore

centrally located away from the lake shore to

the east. A single,approximately 150-acre (0.6

square kilometer ) stand of slash pines is located

along the shore at the north end of the lake and

adjacent to the south side of SRS Road B.

These trees were established in 1950 .

Only two sensitive plantspecies occur within a

halfmile of the reservoir. These species are

wild indigo (Baptisia lanceolata ) and sandhill

lily (Nolina georgiana) (SRFS 1996). Neither

ofthese species is federally recognized as

threatened or endangered and their status in the

State is currently unresolved (Knox and Sharitz

1990 ). Both are centrally located east of the

reservoir in the uplands.

On the west side ofthe reservoir, the pines are

mostly slash (Pinus elliottii) and loblolly (P.

taeda) and were established from 1947 to 1957

(SRFS 1997 ). A couple of small inclusions of

loblolly pines were established in 1982. There

are also two small inclusions of oak -hickory

Due to its location (near the Fall Line, where

two physiographic provincesmeet), large size

[300 square miles (780 square kilometers)], cli

mate (wet summers andmild winters), wide va

riety of terrestrial and aquatic habitats, and

protection from public intrusion, the SRS con

tains diverse reptile and amphibian communities

(Gibbons and Patterson 1978; Gibbons and
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Semlitsch 1991). Some 36 species of snakes,

26 frogs and toads, 17 salamanders, 12 turtles,

9 lizards, and a single crocodilian (the American

alligator) have been found on the SRS (Wike

et al. 1994 ). Amphibians and reptiles in the

Steel Creek corridor and delta were surveyed

before the construction of L -Lake (Smith ,

Sharitz, and Gladden 1981, 1982). Surveys of

amphibians and reptiles were also conducted

along the shoreline of L-Lake from 1986 to

1989 as part of the L -Lake/Steel Creek biomoni

toring program ,which was designed to assess

the degree to which the creation of the reservoir

altered amphibian and reptile community struc

ture (Scott, Patterson , andGiffin 1990). Ta

ble 4-7 shows the number of amphibian and

reptile species collected during the pre

impoundment and post-impoundment periods.

eral frog species commonly collected in 1981

and 1982, including the southern leopard frog

[Rana utricularia (R. sphenocephala )], green

tree frog (Hyla cinerea), and southern cricket

frog (Acris gryllus) were either not collected or

were infrequently collected in 1989. An in

crease in the abundance ofaquatic predators,

such as largemouth bass, water snakes (Nerodia

spp .), and cottonmouth “ moccasins”

(Agkistrodon piscivorous) after the impound

mentof Steel Creek possibly led to the decline

in frog populations. In addition, several turtles

[e.g., the eastern mud turtle (Kinosternon

subrubrum ) and Florida cooter (Pseudemys

floridana)] that were abundantin Steel Creek in

the early 1980s either did not occur or were un

common in the L -Lake area by the late 1980s.

All three species are adapted to aquatic or

semiaquatic life, so the cause of the apparent

decrease in abundance is unclear.

These surveys suggest that amphibian and turtle

species richness in the L -Lake area declined af

ter Steel Creek was impounded, while lizard and

snake species richness remained stable or in

creased (Wike et al. 1994). Three species of

salamanders that were abundant in the upper

Steel Creek area in 1981 and 1982, themole

salamander (Ambystoma talpoideum ),marbled

salamander (Ambystoma opacum ), and dwarf

salamander (Eurycea quadridigitata ), were pre

sent in much lower numbers in 1989. These

three species are largely terrestrial as adults ,

using temporary waterbodies (pools formed by

heavy spring rains) for breeding and may have

been displaced by the waters of L -Lake. Sev

Conversely, species richness of lizards and

snakes remained relatively stable in the vicinity

of L -Lake after its creation . Some of the lizard

species that prefer drier habitats, such as the

six -lined race runner (Cnemidiphorus sexlinea

tus), generally decreased in numbers from 1987

to 1989,butthe decrease might be due to natural

variability (Scott, Patterson , and Giffin 1990).

Almost all snake species captured in 1981 and

1982 were collected in higher numbers in 1986

through 1989 after the reservoir was created . In

addition , several other reptile species appear to

Table 4-7. Number of amphibian and reptile species collected from Steel Creek and lower reaches of

L -Lake before and after the creation of L -Lake .

Group

Steel Creek

1981-1982

L -Lake

1986

L -Lake

1989

11 6 3

13 7 5

Salamanders

Frogs and toads

Turtles

Lizards

Snakes

Total

8
5 2

6 7
6

7
10 10

45
35 26

Sources : Smith , Sharitz, and Gladden (1982); Scott, Patterson , and Giffin (1990 ).
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have benefited, or are presumed to have bene

fited, from the construction of L -Lake. These

species include the American alligator

(Alligator mississipiensis), snapping turtle

(Chelydra serpentina ), softshellturtle (Apalone

spp .), and yellow -bellied slider (Chrysemys

scripta ),all of which are aquatic or semiaquatic

species.

(Du Pont 1987a). The lower reaches of Steel

Creek attracted significant numbers ofwintering

waterfowl in the 1970s when effluent from L

Reactor and P -Reactor created expanses of

marsh and open water in portionsof the swamp

bordering the Savannah River. By the

mid - 1980s, the Steel Creek delta and adjacent

swamp forests were used extensively by forag

ingmallards (Anas platyrhynchos) and wood

ducks (Aix sponsa ) (Du Pont 1987a ). Other

waterfowlcommonly observed in the Steel

Creek delta in the 1980s included black ducks

(Anas rubripes), blue-winged teal (Anas dis

cors ), and hooded mergansers (Lophodytes cu

cullatus).

Appendix D , Table D - 1 lists species of reptiles

and amphibians collected from Steel Creek and

L -Lake sampling locations during the 1981 to

1989 period.

TE

Although the birds of L -Lake have notbeen in

ventoried, the Savannah River Ecology Labora

tory conducted surveys ofbirds in the Steel

Creek watershed prior to the construction of

L -Lake (Smith , Sharitz , and Gladden 1981).

More than 90 species were identified , ineluding

a variety ofcommon native songbirds (Carolina

wren ( Thryothorus ludovicianus), northern car

dinal (Cardinalis cardinalis), northern mock

ingbird (Mimus polyglottos) ], neotropical

migrant songbirds (prothonotary warbler

(Protonotaria citrea), summer tanager (Piranga

rubra), red-eyed vireo (Vireo olivaceus)], birds

of prey [red -tailed hawk (Buteo jamaicensis),

barred owl (Strix varia )], upland game birds

(northern bobwhite (Colinus virginianus), wild

turkey (Meleagris gallopavo )], and wading birds

[ great blue heron (Ardea herodias) and great

egret (A. alba )). Three species - white-eyed

vireo (Vireo griseus), Carolina wren,and tufted

titmouse (Parus bicolor) - were particularly

abundant in surveys in the summerof 1981

(Smith , Sharitz, and Gladden 1981). Appen

dix D , Table D -2 lists bird species known to oc

cur in the SteelCreek drainage and nearby

wetlands. It also includes a number of water

fowl,wading bird, and raptor species observed

in the L -Lake area in more recentyears by sci

entists involved in research andmonitoring

(Scott, Patterson, and Giffin 1990; Bildstein

The completion of L -Lake in 1985 provided

additional habitat in the Steel Creek drainage for

wintering waterfowland other waterbirds.

Numbers of waterfowlusing L -Lake over the

October to Aprilmigratory period increased

from 424 in 1986-1987, to 488 in 1987-1988, to

3,143 in 1988-1989 (Scott, Patterson , and Giffin

1990 ). In the final year of the study, themost

abundant specieswas the lesser scaup (Aythya

affinis) (1,609 observed), followed by mallard

(818), bufflehead (Bucephala albeola ) (180),

and ruddy duck (Oxyura jamaicensis ) (121) .

Numbers of “ water-dependent" birds such as

coots (Fulica americana ), cormorants

(Phalacrocorax sp .), and grebes (Podilymbus

podiceps and Podiceps auritus) using L -Lake

also steadily increased over the course of the

study, from 2,372 in 1986-1987, to 3,353 in

1987-1988, to 3,934 in 1988-1989 (Scott, Pat

terson, and Giffin 1990).

L7-06

Kennamer (1994 ) presents data on wintering

waterfowluse of SRS reservoirs from 1982 to

1994. Four diving duck species – lesser scaup,

ring-necked duck (Aythya collaris), ruddy duck ,

and bufflehead - dominated aerial counts of

waterfowl. In the first several years after L

Lake filled , ducks continued to use Par Pond

heavily and use L -Lake very little. By 1988

1989 , however, L -Lake was used by several

thousand wintering waterfowl. The totalnum

ber of waterfowlwintering on the SRS did not

increase over this period: the increased use of

L11-08

et al. 1994).

Large numbers ofwaterfowlhave wintered on

the SRS since the early 1950s, when public

accesswas restricted and hunting banned
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birds – shallow coves with patches of emergent

vegetation. This enables wading birds to stalk

around the edges of the weedy patches, preying

on small fish concentrated in the vegetation .

L7-06

L -Lake corresponded with a decreased use of

Par Pond and its subimpoundments (Ponds B

and C ). In the winter of 1991-1992, during the

firstwinter of the Par Pond drawdown,water

fowl (particularly ring -necked ducks and lesser

L11-08 scaup) showed a pronounced preference for

L -Lake. This shift in usage was attributed to the

decimation of the Corbicula (Asiatic clam )

population in Par Pond caused by the rapid

drawdown. Corbicula are an important food

source for diving ducks, particularly ring

necked ducks and lesser scaup (Hoppe, Smith ,

and Wester 1986 ). In 1992-1993 and 1993

1994, waterfowluse of Par Pond increased as its

water level stabilized and aquatic vegetation and

TC invertebrate populations recovered. This in

creased use of Par Pond was accompanied by

somewhat lowerwaterfowluse of L -Lake.

More than 20 mammal species occur in the

Steel Creek area. These include three shrew

species, two mole species , seven species of

mice, voles, and woodrats , three squirrel species

(gray squirrel, fox squirrel, and flying squirrel),

gray fox (Urocyon cinereoargenteus), white

tailed deer (Odocoileus virginianus), feralswine

(Sus scrofa ), raccoon (Procyon lotor), beaver

(Castor canadensis), otter (Lutra canadensis),

muskrat (Ondatra zibethicus), opossum

(Didelphis virginiana), striped skunk (Mephitis

mephitis), and bobcat (Felix rufus) (Smith ,

Sharitz, and Gladden 1982). Many ofthese

species forage in thewetlands andmarshy areas

around L -Lake; others occur in adjacentup

lands. Appendix D , Table D - 3 lists mammal

species that probably occur in thebottomland

hardwood forests and river swamps of the SRS,

including the forested margins of L -Lake.

L -Lake hasbecome an important foraging area

forwading birds since its creation. Bildstein et

al. (1994) compared wading bird use of L -Lake

with that of Par Pond and Pond B between the

fall of 1987 and the summer of 1989. Surveys

conducted over this 2 -year period indicated that

wading bird densitieswere significantly higher

at L -Lake than at thetwo older (built in 1958)

reservoirs . Wading birds using L -Lake showed

a preference for shallow areas where wetland

plants had been planted ( see " Wetlands" section

that follows).

4.1.5.1.2 Aquatic Ecology

Seven species ofwading birds [ great blue heron ,

great egret, snowy egret (Egretta thula ), little

blue heron ( E. caerulea ), tricolored heron

(E. tricolor ), green- backed heron , and wood

stork (Mycteria americana )] were observed at

L -Lake, with highest abundance in summer and

fall. Great blue herons and great egrets made up

96 percent of allwading birds observed in upper

L -Lake and 87 percentofwading birds observed

in lower L -Lake (Bildstein et al. 1994 ) .

As a condition of National Pollutant Discharge

Elimination System Permit Number

SC0000175, issued in 1984, DOE monitored

aquatic communities in L -Lake (and Steel Creek

downstream of the L -Lake Dam ) to demonstrate

that heated effluent from L -Reactor did not pre

vent the developmentof a balanced biological

community in the lower half of the reservoiror

in Steel Creek . As a result, the water quality

and aquatic communities of L -Lake were

monitored intensively from January 1986

through December 1992. The results of these

monitoring studies were presented in a Clean

Water ActSection 316 (a ) Demonstration

(Gladden et al. 1989), a series of biological

monitoring reports (Carson and Cichon 1993 ;

Westbury 1993; Bowen 1993a,b ), several jour

nal articles (e.g., Paller, Gladden ,and Heuer

1992), and anumberofmonographs(e.g.,Bow

ers 1991).

The relatively heavy wading bird use of L -Lake

could be related to the attractiveness of theres

ervoir as a foraging area (Bildstein et al. 1994 ).

L -Lake provides ideal conditions for wading
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Plankton

L -Lake reached full pool for the first time in

October 1985; the phytoplankton community of

L -Lake was studied from January 1986 through

December 1992 (Carson and Cichon 1993).

During the first 2 years of study, the phyto

plankton was dominated by the blue-green alga,

Microcystis aeruginosa, under bloom condi

tions. The bloom ended by 1988, even though

phosphorus loading from river water pumped to

L -Lake remained very high. From 1987 to

1992, phytoplankton diversity increased while

primary productivity and chlorophyll-a de

clined. Besides blue- green algae, important

groups in terms ofbiovolumeor numbers in

cluded the green and golden -brown algae, dia

toms, cryptomonads, and dinoflagellates.

Although less so in recent years, L -Lake is dis

tinctly eutrophic in termsof chlorophyll and

primary productivity levels and phytoplankton

community composition.

1993b ). Changes in zooplankton size corre

sponded with increased pressure from fish pre

dation . Feeding by larval and juvenile fish

appeared to place strong pressure on zooplank

ton communities in the summer, and the pres

ence of larger cladocerans was correlated with

the abundance of threadfin shad both seasonally

and from year to year . Threadfin shad, which

aremembers of the clupeid (shad and herring)

family, typically feed on zooplankton in open

water areas (Baker and Schmitz 1971), and were

present in large numbers in L -Lake until at least

1991. Clupeids areknown to alter the size

structure of zooplankton communities (Brooks

and Dodson 1965) .

Benthic Macroinvertabrates

Zooplankton were investigated in L -Lake over

the same 1986-1992 period . Substantialnum

bers of taxa (species and genera ) appeared

quickly during the first year of L -Lake's exis

tence,but taxa richness gradually declined in

succeeding years,mainly from fewer protozoan

and rotifer taxa (Bowen 1993b ). Throughout

the study protozoa,mainly ciliates, dominated

the community in termsofnumbers, and al

though densities of rotifers and crustaceans

were similar to other lakes in the region, proto

zoan densities were atypically high in L -Lake.

Eutrophic lakes are often characterized as hav

ing an important detrital component in the open

water, supporting large bacterial populations.

This is based on the close correlation often ob

served between the biomass ofphytoplankton

and heterotrophic bacteria (Wetzel 1983) . A

high density of ciliate protozoans, as found in

L -Lake, is consistentwith a high phytoplankton

and bacterialbiomass because ciliates graze

bacteria .

Specht (1996 ) conducted surveys of L -Lake

benthic macroinvertebrates in September 1995

and compared measures ofdensity , relative

abundance, and community structure with those

obtained in 1988-1989 during L -Lake biomoni

toring studies. Macroinvertebrate densities at

6.6 - foot ( 2 -meter ) depthswere lower in 1995

than 1988-1989, while densities at 13.1 -foot

(4 -meter ) depths changed little. The relative

abundance of larval chironomids of the group

Chironomini declined substantially , while those

of the group Tanytarsini increased . Amphipods

(microcrustaceans), oligochaetes (aquatic

earthworms), Turbellaria (flatworms), bivalves

( especially the Asiatic clam Corbicula flu

minea ), and the phantom midge larvae

(Chaoborus punctipennis) all increased in abun

dance.

Most noteworthy was the increase in am

phipods, whose relative abundance was low in

1988-1989 (less than 1 percentof total atmost

sampling locations),but ranged from 5 to

31 percent of benthic organisms collected at the

various sampling locations in 1995. Amphipods

are often abundant in the vegetated littoral zones

of lakes, where they feed on decaying vegeta

tion or attached algae as juveniles and become

opportunistic scavengers (omnivores) as adults

(Pennak 1978 ; Covich and Thorp 1991).

Crustacean zooplankton were small in L -Lake;

all cladocerans becamerare in summer and

adult copepods were infrequently found (Bowen
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sponded with five distincttime periods.

Table 4-8 lists the relative abundance of fish

species that were regularly collected over the

five time periods, designated Period 1, Period 2,

Period 3 , Period 4 , and Period 5 (P1, P2,P3,P4,

and P5 ).

Specht (1996 ) suggested thatthechanges in the

L -Lake macroinvertebrate community were due,

in part, to the establishmentofaquatic macro

phyte beds along the margins of the reservoir.

Aquatic macrophytes stabilize the substrate

(bottom sediments) of reservoirs, benefiting

both benthic organismsand fish ,and provide

benthic macroinvertebrates with shelter and

food (Boyd 1971; Minshall 1984). As a result,

many benthic macroinvertebrates (e.g., aquatic

insects) tend to be less abundantand less di

verse on bare substrates ( sand or clay) and more

diverse and abundant in areas with aquatic

vegetation (Minshall 1984). Specht (1996 ) also

related changes in the L -Lake benthos com

munity to aging ofthe reservoir, as early

successional specieswere replaced by species

characteristic of amore mature ecosystem .

During Period 1, collectionswere dominated by

three Lepomids (redbreast sunfish , spotted sun

fish , and dollar sunfish ), two shiners ( coastal

shiner and golden shiner), and a livebearer, the

eastern mosquitofish ; all are native to the

streamsand swamps of the Atlantic Coastal

Plain (Lee et al. 1980; Rohde et al. 1994).

Fish

By the end of Period 2, shiners andmosqui

tofish were rare in L -Lake samples, and bluegill

(stocked 2 years earlier)made up 79.3 percent

of all fish collected. Redbreast were still com

mon ( 16.1 percent of all fish collected ) but were

only half as abundantas they were in Period 1.

Two other native Lepomids, the spotted sunfish

and the dollar sunfish, declined in abundance,

unable to compete with bluegill and redbreast,

which are better suited for reservoir life .

L -Lakewas stocked with approximately 40,000

juvenile bluegill (Lepomismacrochirus) in the

fall of 1985 and 4,000 juvenile largemouth bass

(Micropterus salmoides) in the spring of 1986 .

These introductions were intended to speed the

development of a balanced biological commu

nity in the lower half of the reservoir. Both

species are ubiquitous in the southeastern

United States, and are often stocked in farm

ponds and new impoundments because they

grow rapidly, feed on a variety of invertebrate

and vertebrate prey, and adapt readily to a vari

ety of lentic conditions.

DOE evaluated community structure of L -Lake

fish monthly from 1986 through 1989 and

quarterly during 1990 and 1991 as part of the

Clean Water Act Section 316 (a ) study discussed

above . Fish were collected by electrofishing at

20 stations in five regionsof the middle and

lower portions of the reservoir (Paller 1996 ).

Supplemental sampling occurred in November

and December of 1995 to determine if any obvi

ous changes in fish community structure had

occurred since 1991.

Interspecific competition probably was respon

sible for the change in community structure ob

served between Period 1 and Period 2 (Paller,

Gladden ,and Heuer 1992 ). As noted above,

two species (bluegill and largemouth bass)

adapted to reservoir life were stocked in L-Lake

in 1985 and 1986 and rapidly out-competed the

smaller-bodied (and slow - growing) insectivores

(e.g.,mosquitofish , shiners, and brook silver

sides) thatwere in the Steel Creek system when

the stream was dammed. Moreover, these min

now-like species became prey for the expanding

population of largemouth bass stocked in the

spring of 1986. The juvenile largemouth bass

stocked in 1986 would have been large enough

to feed on mosquitofish , shiners, and silversides

by their second year (1987) in the reservoir

(Carlander 1977).

Statistical analysis of fish
collections revealed

patterns of community structure that corre

By Period 3, L -Lakehad developed into a typi

cal small-reservoir fish community,with large

numbers of bluegill and redbreast, increasing

numbers ofthreadfin shad, and smaller numbers
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4.4

Table 4-8 . Relative abundance of L -Lake fish species, 1986 through 1995 .

July -

January - July 1986 - August 1987 - December November

June 1986 July 1987 June 1989 1989 1995

Species Pi P2 P3 P4 P5

Bluespotted sunfish Enneacanthus gloriosus 0.2 < 0.1 0.0 < 0.1 0.0

Bluegill Lepomis macrochirus 1.2 79.3 45.8 16.1 12.3

Brook silverside Labidesthes sicculus 2.3 < 0.1 0.1 1.1 28.5

Brown bullhead Ameiurus nebulosus 0.0 < 0.1 0.0 0.0 0.3

Chain pickerel Esox niger 0.1 < 0.1 < 0.1 0.1 4.0

Coastal shiner Notropis petersoni
20.9 0.7 0.1 0.1 13.3

Creek chubsucker Erimyzon oblongus 0.8 < 0.1 0.0 0.0 0.0

Dollar sunfish Lepomis marginatus 0.2 < 0.1 0.0 0.3

Flatbullhead Ameiurus platycephalus 0.1 0.1 0.5 0.4 0.0

Gizzard shad Dorosomacepedianum 0.0 < 0.1 0.7 0.8 1.3

Golden shiner Notemigonus crysoleucas 13.7 0.4 0.1 0.4 1.9

Ironcolor shiner Notropis chalybaeus 0.0 < 0.1 0.0 0.0 0.0

Lake chubsucker Erimyzon sucetta 0.1 <0.1 0.0 0.0 1.4

Largemouth bass Micropterus salmoides 1.4 1.8 4.2 2.9 4.0

Eastern mosquitofish Gambusia holbrooki 14.4 < 0.1 <0.1 0.0 0.0

Northern hogsucker Hypentelium nigricans 0.1 0.0 0.0 0.0 0.0

Redbreast sunfish Lepomis auritus 32.3 16.1 24.3 27.1 9.8

Spotted sunfish Lepomis punctatus 6.2 0.6 0.2 < 0.1 1.8

Threadfin shad Dorosomapetenense
0.0 < 0.1 23.2 49.9 0.0

Warmouth
Lepomis gulosus 0.3 0.1 0.4 0.4 2.7

Yellow bullhead Ameiurus natalis 0.5 0.1 0.2 0.1 0.2

Yellow perch Perca flavescens < 0.1 <0.1 < 0.1 0.3 17.6

Source: Paller (1996 ).

oflargemouth bass. Many of the small stream

and
swamp species thatwere present in thewa

tershed when the reservoir was built had be

come rare, among them the bluespotted sunfish ,

creek chubsucker, coastal shiner, dollar sunfish ,

spotted sunfish , andmosquitofish .

By late 1995 (Period 5 ), the community struc

ture of L -Lake fish had changed markedly . A

number of the resident stream species, such as

brook silverside, coastal shiner, and creek chub

sucker, that had become a minor component of

the fish community from 1986 through 1989 be

camemuchmore common. Other species, such

as yellow perch and chain pickerel,which had

previously been uncommon to rare ,became

fairly abundant. Threadfin shad ,which made up

23.2 percentof fish collected in Period 3 and

49.9 percentof fish collected in Period 4 , were

not collected in Period 5 .

Threadfin shad was themost abundant species

in Period 4 collections, with redbreast and

bluegill second and third in abundance (Paller

1996 ). These three species comprised more

than 90 percentof all fish collected. Large

mouth bass made up a small percentage

(2.9 percent) of fish collected, and was the only

top-of-the-food -chain predator present in sig

nificant numbers.

These shifts in species dominance appeared to

be independentof L -Reactor operationsand re

sultant temperature and dissolved oxygen fluc

4-45



DOE/EIS -0268

tuations (Paller 1996 ). Several of the species

(e.g., coastal shiner, spotted sunfish , dollar sun

fish ), whose abundance declined during years

(1986-1988)when L -Reactor was operating, are

adapted to life in small Coastal Plain streams

wherewater temperature and dissolved oxygen

levels show wide daily and seasonal fluctua

tions. Others, such as the mosquitofish and

golden shiner, are extremely hardy species that

are tolerant ofhigh water temperatures and low

levels of dissolved oxygen (Tomelleri and

Eberle 1990; Rohde et al. 1994 ).

vegetation (Paller 1996 ). The remaining spe

cies, coastal shiner, has more general spawning

requirements,but because it is small and occu

pies the littoral zone , it benefits from the pro

tection from predators afforded by aquatic

vegetation .

Threadfin shad, which were apparently intro

duced to L -Lake as eggs or larvae entrained in

Savannah River water in 1986 or 1987 (Paller

1996 ), increased in abundance over the ensuing

2 to 3 years, taking advantage of the reservoir's

healthy plankton populations. As a conse

quence, the fish community structure shifted by

Period 4 (1989) to one dominated by threadfin

shad, with relative abundance of Lepomids

(notably bluegill) declining. Reduced bluegill

recruitment into the population appears to have

resulted from intense largemouth bass predation

on juvenile Lepomids, including bluegill (Paller

1996 ).

Aquatic vegetation had becomewell established

along the shoreline of L -Lake by 1995. Much

of this vegetation was originally established in

1987 as a result of artificial plantings along

12,000 feet (4,000 meters) of shoreline in the

lower portions of the reservoir (Wein , Kroeger,

and Pierce 1987). Approximately 40 species

were planted with the objective of creating

submerged/floating-leafed, emergent, and upper

emergent/shrub zones (see “Wetlands” section

that follows). Vegetation cover within the sub

merged zone ofthe planted areas increased from

1 percent in 1987 to 22 percent in 1989

(Westbury 1993) and continued to increase

through 1991. Among themost abundantspe

cies were eelgrass (Vallisneria americana), lo

tus (Nelumbo lutea ), and pondweed

(Potamogeton diversifolius).

Asnoted previously , supplemental fish sam

pling was conducted in late 1995 to update the

first 5 years (1986 to 1991) of surveys. The

change in species composition from Period 4

(1991) to Period 5 (1995 ) was pronounced,with

several of the original stream species ( e.g.,

coastal shiner and brook silverside ) reappearing

in significantnumbers and threadfin shad disap

pearing from samples (Paller 1996 ). Several

species that had been rare before (yellow perch

and chain pickerel) became relatively abundant

in Period 5 .

Although the expansion of aquatic vegetation

throughout the littoral zone of L -Lake explains

many of the fish assemblage changes associated

with Period 5 , it does notaccount for the appar

ent absence of threadfin shad . In addition, pre

dation alone probably was notresponsible for

the decline of threadfin shad because shad were

abundant during Periods 3 and 4 when large

mouth bass were well established and abundant.

Lack of food probably contributed to the decline

of threadfin shad in L -Lake (Paller 1996 ).

Analysis of the contents of threadfin shad giz

zards in 1988 and 1989 indicated that algae

comprised a large part of their diet. The stand

ing crop of phytoplanktonic algae (as indicated

bychlorophyll-a ) remained relatively high in

L -Lakethrough 1989 but dropped precipitously

in 1990 and 1991. Microcrustaceans and roti

fers, other important foods of L -Lake threadfin

shad , also exhibited large declines over timeand

by 1990 manymicrocrustaceans were compara

tively rare (Wike et al. 1994 ).

Examination ofthe habitatrequirements ofthe

species that increased in abundance during Pe

riod 5 suggested possible reasons for the

changes in species composition . Three of the

four species that increased most (brook silver

sides, yellow perch , and chain pickerel) are

phytophilous species that spawn over aquatic
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pinged . DOE did not attempt to assess the sig

nificance of these impingementlosses, but they

probably were comparatively minor (DOE

1990).

Several factors probably contributed to declines

in phytoplankton and zooplankton densities in

L -Lake. Threadfin shad predation contributed

directly to the decline of large zooplankton in

L -Lake, especially larger daphnids and cope

pods (Taylor,DeBiase, and Mahoney 1993).

However, nutrientavailability mighthave

played a part. L -Lake received relatively high

levels of total phosphorus and nitrogen in the

water pumped from the Savannah River. Inputs

of river water declined markedly after

L -Reactor was shut down in mid -1988, reducing

nutrient loading.

Since 1988, there has been a dramatic reduction

in the rates of surface water withdrawn from the

Savannah River. By 1988, all SRSproduction

reactors had been shut down and placed under

review to determine their future status (Arnett,

Mamatey, and Spitzer 1995). As of 1994, four

reactors were shutdown permanently and the

fifth , K -Reactor,was in cold standby. In June

1996 , only one of the 10 pumps in the 3G Pum

phouse was operating, pumping approximately

28,000 gallons perminute ( 1.8 cubic meters per

second ) for maintenance of L -Lake water levels;

auxiliary equipmentcooling in K-, L-, and P

Areas; fire protection in K-, L-, and P -Areas;

and sanitary wastewater in K-, L-, and P -Areas.

Entrainment and Impingement of Fishes

4.1.5.1.3 WetlandsEcology

In early 1988,when K-, L-, and P -Reactors last

operated, themaximum rate of river water with

drawal at the 1G and 3G intakes was about

380,000 gallons per minute (24 cubic meters per

second) - 179,000 gallons perminute

(11.3 cubic meters per second) each for once

through cooling at K -and L -Reactors, 22,000

gallonsper minute ( 1.4 cubicmeters per sec

ond) formakeup water at P -Reactor. Based on

studies conducted in the 1980s, this rate of

withdrawal would result in an estimated

18 million fish larvae and 9 million fish eggs

entrained annually during the spring and

summer spawning period. During the 1980s,

clupeid (shad and herring), centrarchid (sunfish

and crappie ), and cyprinid (minnow and com

mon carp ) larvaewere entrained most often ,

while eggs oftwo species, American shad and

striped bass,weremost often entrained, com

prising 73 percent of all eggs drawn into river

water intakes. The Final EIS for Continued Op

eration ofK-, L-, and P -Reactors concluded that

any impacts to fisheries from entrainment of

fish eggs and larvae at SRS would be small and

limited to fish populations in the immediate vi

cinity of the Site (DOE 1990 ).

The filling of L -Lake inundated approximately

225 acres (0.9 square kilometer) of wetlands and

775 acres (3.1 square kilometers ) ofuplands in

the Steel Creek corridor. An additional

100 acres (0.4 square kilometer) of uplands

were lost due to relocation of electric and cable

rights -of-way. Between 735 and 1,015 acres

(3.0 and 4.1 square kilometers) of wetlands in

the Steel Creek corridor, Steel Creek delta, and

the Savannah River swamp received impacts

(DOE 1984).

A study conducted during the summer of 1981

documented the vegetation of the Steel Creek

corridor foruse in evaluating the Steel Creek

ecosystem prior to the restart of L -Reactor

(Smith , Sharitz, and Gladden 1981). Aerial

photographs taken in 1978 and field studies

conducted in 1981 were used to map the corri

dor. The portion of the Steel Creek corridor that

was inundated by L -Lake was a forested wet

land system characterized by a narrow band of

alder (Alnus spp.) bordering the stream with

other woody species such as sweetgum

(Liquidambar styraciflua) and redmaple (Acer

rubra) occurring on the banks. Asthe stream

Studies conducted at the 16 and 3G Pumphouse

intakes in the 1980s indicated that approxi

mately 6,000 fish were lost to impingementan

nually . Sunfish (bluespotted sunfish ,redbreast

sunfish, and warmouth ) and shad (threadfin and

gizzard shad ) were the groupsmost often im
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corridor became broader farther south , wax

myrtle (Myrica cerifera), willow (Salix spp.),

and blackberry (Rubus spp.) dominated the

floodplain community behind the alder band.

The classification system used for mapping

followed the Cowardin method with some

modification to more accurately portray the

features of this system (Smith, Sharitz, and

Gladden 1981).

maximum pool elevation and seeded to control

erosion . The shoreline vegetation above the

cleared area was primarily planted pine (Wike

et al. 1994). Trees in the floodplain of Steel

Creek were notharvested because they were

potentially contaminated from radioisotopes in

the Steel Creek sediments . These trees and the

timber in two coves in the lower half of the lake

and the area above Road B were left standing as

wildlife habitat (McCort, Lee, and Wein 1988;

Westbury 1993).
The area of the corridor that was later inundated

by the reservoir had wetlandsranging from open

water to forested . The vegetation wasclassified

as scrub - shrub or forested wetland. The five

specific mapping units identified are listed in

Table 4-9 .

Appendix D , Table D -4 describes the fivemap

ping units in the portion of the Steel Creek cor

ridor inundated by the lake.

During lake construction , approximately

1,034 acres (4.2 square kilometers) were clear

cut, including 356 acres (1.4 square kilometers)

of bottomland hardwood and shrub wetlands,

360 acres ( 1.5 square kilometers) of upland

hardwoods and pine forests , and 125 acres

(0.5 square kilometer) of other areaswithin the

lakebasin . Outside the lake basin an additional

193 acres (0.8 square kilometer) ofmostly up

land pine and hardwood forests were clear cut

for power line rights-of-way and other con

struction -related sites (McCort, Lee , and Wein

1988). Most vegetation in the lakebed was re

moved or burned onsite . The shoreline was

cleared 3 to 5 feet ( 1 to 1.5 meters) above the

Although DOE intended that L -Lake be used to

mitigate the impacts of thermal effluent from

L -Reactor on Steel Creek and the Savannah

River, its use resulted in new impacts requiring

mitigation (McCort, Lee , and Wein 1988 ). One

componentof themitigation required by the

regulatory agencies was the establishmentofa

Balanced Biological Community within L-Lake.

DOE decided to accelerate the process ofnatu

ral succession by plantingwetland vegetation

within the cooler southern end of L -Lake in an

effort to establish a Balanced Biological Com

munity more quickly. Wetlands and vegetation

play important roles in nutrient cycling ,sedi

ment retention, and shoreline stabilization, and

are a major factor in establishing a Balanced

Biological Community . The establishmentof

wetland/littoralvegetation provided (1) organic

matter for soil development and decomposers;

(2 ) substrate for attached algae; (3 ) habitat for

aquatic insects and other macroinvertebrates;

and (4 ) cover and food for fish and wildlife

(Wein ,Kroeger, and Pierce 1987).

Wetland type

Table 4-9. Wetland community types occurring in the Steel Creek corridor.a

Mapping unit

Aquatic Bed
Open water

Scrub -shrub - Broad- leaved deciduous

Alnus serrulata

Forested - Broad - leaved deciduous
Salix sp .

Forested - Broad - leaved deciduous

Forested - Broad -leaved deciduous

Alnus serrulata -Myrica cerifera

Liquidambar styraciflua-Acer rubrum - Salix sp .

a .
Source : Smith , Sharitz ,and Gladden (1981).
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cluded steep slopes, fluctuating water levels,

and low nutrient substrates (Wein , Kroeger, and

Pierce 1987; additional details concerning

planting densities,methods, and techniques are

provided in Kroeger ( 1990) and USACE

(1995) ].

Establishment of wetland vegetation along the

shoreline of L -Lakeoccurred through natural

colonization and planting of aquatic macro

phytes. Shortly after L -Lake filled in October

1985, aquatic macrophytesbecame established

on the cleared shoreline (Wike et al. 1994).

Between January and July 1987, an extensive

vegetation transplanting program managed by

the Savannah River Ecology Laboratory accel

erated the colonization of the L -Lake littoral

zone by aquatic macrophytes and wetland

plants. DOE invited a panelofexperts in the

areas ofwetland ecology and restoration to the

Savannah River Site . The panel developed a

management plan for establishing an appropri

ate wetland plantcommunity ,which

mended that Par Pond serve as the primary

source ofplantmaterialbecause its vegetation

was adapted to elevated water temperatures, it

was close to L -Lake, and the species found in it

were representative ofnatural wetland species

in the region.

recom

Kroeger (1990 ) and Westbury (1993) provide

themost recent published data pertaining to

wetland vegetative cover at L-Lake. During the

summers of 1987, 1988, and 1989, the Savannah

River Ecology Laboratory surveyed the vegeta

tion in planted and unplanted areas to monitor

the establishment and survival of plants in the

submersed/floating-leaved, emergent, and upper

emergent/shrub zones of L -Lake (Kroeger

1990 ). Of the nine species planted in the sub

mersed and floating- leaved zone, American lo

tus (Nelumbo lutea ) and water celery

(Vallisneria americana) were the only surviving

species in 1989. Wave action and low initial

planting numbers were cited as reasons for the

disappearance of some species. In 1989,

38 percent of the plots surveyed contained

vegetation and mean cover per plot had in

creased to 22 percent. The rapid colonization of

empty plots by V. americana and N. lutea along

with cattails (Typha latifolia )moving from the

emergent zone into the submersed and floating

leaved zone were cited as factors. No sub

mersed or floating-leaved plants occurred in the

unplanted areas, andmost plots were unvege

tated (Wike et al. 1994 ).

The panel also proposed the establishment of

zones of vegetation to represent species patterns

found in Par Pond and natural lakes in the re

gion. The zones were differentiated by species

composition and defined by water level. The

upper emergent-shrub zone, formed by trees ,

shrubs, and some emergents lies above the wa

terline
up to 3 feet ( 1 meter) abovemean high

water and can flood periodically . The emergent

zone consists of erect plant species that occur

mostly in shallow water at depths of less than

1 foot (0.3 meter). The third zone consists of

submersed and floating-leaved plant species that

occur in deeper water. Approximately

12,000 feet (4,000 meters) of the shoreline at

the southern end of L -Lake were planted with

100,000 individual plants representing more

than 40 species. Perennial herbaceous plants

were excavated by hand from Par Pond, but

trees, one emergent herb (Sagittaria latifolia ),

and seed ofsome grasseswere obtained from

commercial sources. Species thatwere planted

are listed in Appendix D , Table D -5 . Major

limitations to successful vegetation establish

mentwere identified at the outset. These in

Approximately 30 species were planted in the

emergentzone, and by 1989 most were still

surviving. By 1989, 84 percent of the plots

sampled had vegetation, and mean cover per

plotwas 40 percent. Within the planted areas,

increases in Eleocharis spp., T. latifolia , Hydro

cotyle umbellata , V. americana, and the Pani

cum /Sacciolepis group of grasses accounted for

the increases. N. lutea and V. americanamoved

into the emergentzone from the submersed and

floating- leaved zone and became important

components of the emergent zone. In the un

planted areas, 85 percent of the plots remained

unvegetated from 1987 to 1989. Plots with
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vegetation had low species diversity (Wike et al.

1994).

mogeton diversifolius greatly increased in abun

dance. Appendix D , Table D -6 lists the plant

taxamapped in the study plots in descending

order of their whole lake (four study plots) an

nualmean areal coverage. The species-specific

annualmean areal cover (square meters per

hectare) and frequency are based on 16 samples

(four stations x four seasons) (Westbury 1993).

All species planted in the upper emergent/shrub

zone in 1987 were present in 1989. Most

(84.4 percent) of the plots had vegetation, pri

marily terrestrial species during the period from

1987 to 1989. Mean cover per plot in planted

areas was 55 percent in 1989. Changes in spe

cies from 1987 to 1989 included major growth

ofwillow (Salix nigra) shoots, decreases in

relative frequency and coverof shoreline

grasses, an increase in frequency and cover of

Panicum /Sacciolepis, and a decrease in fre

quency and cover of T. latifolia . S. nigra, and

the Panicum /Sacciolepsis grasses were the most

important species in this vegetation zone. The

emergents, Juncus effusus, Polygonum spp.,

Sagittaria latifolia , and T. latifolia ,were also

important species in this zone. In unplanted ar

eas, facultative emergent and terrestrial species

were themost importantcomponents. No Jun

cus, Polygonum spp ., or Panicum /Sacciolepsis

were found. S. nigra had a higher frequency in

the unplanted areas than in theplanted areas

(Wike et al. 1994).

TC

A seed bank study at L -Lake (Collins and Wein

1995) detected the presence of a total of 136 dif

ferent taxa (see Appendix D Table D - 7).

Thirty -three percentwere well represented

while 35-46 percent of taxa occurred only once.

Collins and Wein found that shallow water (less

than 13 inches (33 centimeters) deep) and the

shoreline above waterline hadmore germinable

seeds and a greater number of taxa than water

deeper than 13 inches. The study concluded

that periodic drawdown,may enhance seed bank

and vegetation development in a reservoir such

as L -Lake by redistributing seeds with the

changing waterline and by allowing input of

seeds of facultative wetland species (Collins and

Wein 1995).

Discussions ofchanges in species composition

and abundance in the unplanted areas of the lit

toral zone of L -Lake can also be found in the

reports produced under the BiologicalMonitor

ing Program for L -Lake and Steel Creek, which

was part of the project to ensure the establish

mentof a Balanced Biological Community .

Data covering the period from November 1985

through December 1987 are discussed in Glad

den et al. (1989). Westbury (1993) summarizes

the results of 7 years of data covering the Janu

ary 1986 through December 1992 period.

A recentmapping effort by Savannah River

Ecology Laboratory mapped areal coverage and

estimated acreage for three vegetation classes:

submersed aquatic , floating-leaved,and emer

gentvegetation (Wein 1996 ). Aerial photo

graphstaken in March 1996 were used to map

the submersed aquatic vegetation . The floating

leaved and emergent vegetation weremapped

using Global Positioning System data collected

during the summer of 1996. Table 4-10 lists the

classes of vegetation and area of coverage for

each. The dominant species in the submersed

aquatic class were V. americana ,

P. diversifolius, and Myriophyllum aquaticum .

N. lutea was the predominant floating-leaved

wetland species. The emergent class of vegeta

tion was dominated by T. latifolia,

P. hemitomon, Eleocharis quadrangulata, and

Hydrocotyle umbellata .

In the first 5 years (1986 through 1990) after the

creation of L -Lake, plant community develop

mentwas limited to emergentaquatic macro

phytes and wetland plants near the shoreline. In

1991 and 1992 , submersed and floating-leaved

macrophytes such as V. americana and Pota
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Percentage

88.8

Table 4-10. Aquatic macrophyte coverage of L -Lake, 1996.a

Area in acres

Class name
( square kilometers)

Open water 969 (4.0 )

Submersed 76 (0.3)

Floating-leaved 19 ( <0.1 )

Emergent 27 (0.1)

Total 1,091 (4.4)

7.0

1.7

2.5

100.0

a . Source: Wein (1996 ).

4.1.5.2 Environmental Impacts

4.1.5.2.1 No Action

maintained by the continuous pumping ofnutri- |TE

ents to the reservoir along with large volumes of

Savannah River water. In time, L -Lake would

become a more typical,moderately productive

coastalplain reservoir.

Terrestrial Ecology

TheNo- Action Alternative would have little or

no effect on semiaquatic and terrestrial animals

that forage around L -Lake and drink its water.

There would be normal cycles ofabundance

caused by disease outbreaks, predator-prey in

teractions, and variation in the availability of

food and other resources.

Aquatic Ecology

Under the No-Action Alternative, DOE would

continue to maintain L -Lake at its current level

ofapproximately 190 feet (58 meters) and pro

videmake-up water for the K -Reactor 186

Basins. Over time,however, the reservoir could

becomeless productive as a result ofnormal

reservoir aging processes . Asprimary produc

tivity decreases, there would be an attendant

decline in zooplankton production , fish produc

tion, and fish growth . Most reservoirs experi

ence declines in primary and secondary

productivity 5 to 10 years after filling, then

reach trophic equilibrium with relatively stable

aquatic communities that show typical seasonal

fluctuations in abundance and biomass . Sum

mer is typically the period of peak productivity

and late winter the period of lowest productiv

ity. The productivity of L -Lake hasbeen

Under this alternative, DOE would continue to

withdraw approximately 5,000 gallons permi

nute (0.3 cubic meter per second ) of Savannah

River water. This is 1.3 percent of the rate of

river water withdrawal in the mid -1980s (up to

380,000 gallonsperminute (24 cubic meters per

second)]when millions oflarval fish were en

trained and thousands ofadult fish were im

pinged annually. Based on studies conducted

from 1983 through 1985, a withdrawalof

380,000 gallons per minute (24 cubic metersper

second) results in an average loss of approxi

mately 17,600,000 fish larvae and 9,300,000

fish eggs during the February- July spawning

season (DOE 1990). Assuming entrainment

losses were proportional to the rate of river wa

ter withdrawal, an estimated 234,000 larval fish

and 117,000 fish eggs would be lost each

spawning season under theNo-Action Alterna

tive. Because use ofthe smaller (5,000-gallon

per-minute) pump greatly reduces the approach

velocities at the intake structure, impingement

losses would be negligible, limited to small

numbers of fish already weakened by disease,

stress, cold shock, or some other debilitating

factor (s).
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Wetlands Ecology

Under the No- Action Alternative, wetland

vegetation along the shoreline of L -Lake would

show subtle changes in community structure

(i.e., species dominance) caused by year-to -year

variation in rainfall, runoff, and other natural

influences. There probably would be continued

expansion of littoral wetlands, partic -ularly in

the southeast region of the reservoir.

Corbicula (Kennamer 1994). Most diving

ducks ultimately left the Savannah River Site.

This suggests that diving ducks that have tradi

tionally wintered on L -Lake could be forced to

TE disperse to Par Pond or offsite reservoirs if L

Lake's water level drops dramatically in the late

fall or winter, particularly if large numbers of

Corbicula , which are concentrated in shallow ,

near- shore areas, are killed .

4.1.5.2.2 ShutDown and Deactivate

TerrestrialEcology

If the Shutdown and Deactivate Alternative is

implemented, animals would be exposed to

contaminants in sediments and could accumu

late contaminants via incidental ingestion

(contaminated soil ingested along with vegeta

tion and prey items), inhalation of contaminated

airborne soil (or dust), and ingestion of con

taminated vegetation growing in thenewly ex

posed lakebed. Potential risks from exposures

to contaminants are evaluated in more detail in

Section 4.3.5.3 and Appendix B.

TC

This alternative would affect semiaquatic and

terrestrial animals thatdepend on L -Lake for

critical habitat needs such as breeding and

nesting areas, food, and water. The amountof

shoreline, which is an ecological edge or

" ecotone,” would shrink as the reservoir re

cedes. Therewould be less habitat available for

amphibians, reptiles, semiaquatic mammals

(muskrats, beavers, raccoons), and wading

birds. Small mammals and upland game birds

would be forced to venture farther from shore

line cover to drink and forage around reservoir

edges and would be more exposed to predators.

As the lake recedes,many animalsmay be

forced to disperse from the area, expending en

ergy and becomingmore vulnerable to preda

tion .

Aquatic Ecology

The Shut Down and Deactivate Alternative

would result in the creation of a much smaller

reservoir or a stream meandering through the

old lakebed . Hydrological models predict that

L -Lake would slowly recede if water was not

pumped to the reservoir because the watershed

could not supply sufficientwater to compensate

for natural losses and the required releases to

Steel Creek (del Carmen and Paller 1993a ).

After 10 to 50 years as the lake drained , the

aquatic component of the L -Lake ecosystem

would shift from a plankton-based system ( in

which energy flowed by photosynthetic activity

from phytoplankton to zooplankton to plank

tivorous fish to carnivorous fish ) to a detritus

based system (in which energy is transferred

from nonliving organic matter to detritus

feeding organismsand their predators).

Based on the behavior of wintering waterfowl in

1991-1992, when Par Pond was first drawn

down, diving ducks (particularly ring-necked

ducks and lesser scaup ) that have traditionally

wintered on L -Lake could be forced to move to

Par Pond, the nearest body of water that offers

food and protection from hunters. Depending

on the amount of available food in Par Pond,

these “ displaced” diving ducks would either

over-winter on Par Pond or would be forced to

leave the Savannah River Site in search of suit

able wintering habitat. In 1991-1992, Par Pond

diving ducksmoved to L -Lake in response to

the ParPond drawdown, but the combined pres

sure of feeding ducks from both reservoirs

quickly depleted L -Lake's supply of

TE

The L -Lake watershed would supply much

lower levels of nutrients to L -Lake than water

pumped from the Savannah River. Lower rates

of nutrient loading usually result in less produc

tivity , improved water clarity , and less

zooplankton,phytoplankton , macroinvertebrate,
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and fish biomass. Similar effects would occur

in the periphyton and consumers utilizing this

resource in littoral areas. Indirect effects, such

as shifts in species composition brought about

by nutrient limitation , could change predator

induced effects in species composition of prey

and, in turn , prey food resources. For example,

increased predation or competition due to lim

ited nutrients could lower threadfin shad densi

ties (assuming this species recovered from its

decline), releasing zooplankton from predation

pressure. This could result in more efficient

grazing ofthe phytoplankton by large- bodied

zooplankton, enhancing water clarity and the

growth of phytoplankton species able to avoid

grazing. Prediction of the nature and extent of

this potential indirect effect is not possible, nor

is it necessarily a deleterious effect, viewing the

system as a whole .

Themost obvious impactof lake leveldraw

down on macroinvertebrates would be reduc

tions in population size due to loss of habitat.

The extentof these reductions in population size

would depend on the area and type ofhabitat af

fected. For example,macrophytes offer a more

complex habitat than bare substrates and sup

port amore diverse and abundantmacroinverte

brate fauna. If water levels recedebelow the

macrophyte beds, there would be large losses

among benthic populations that usemacro

phytes as habitat. Smaller losses ofmacroinver

tebrates would be expected from the exposure of

bare substrate habitat or substrate covered with

algae (periphyton ). Losses of benthic organisms

would be reduced if lake levels were to recede

slowly , allowing aquatic macrophytes to be

come established in the new littoral zone.

Surviving aquatic communities would be re

duced in terms of numbers ( abundance ), diver

sity (species richness ), and productivity (plant

and animal biomass produced per unit time).

The degree to which these aquatic communities

would be reduced would largely be a function of

lake level, although other factors (such as tim

ing and speed of lake recession ) could be impor

tant.

The impacts of rapid drawdownsmay be exac

erbated by the effects of erosion. When reser

voir drawdownsare gradual,wetland and upland

plants aremore likely to become established on

the exposed lakebed ,minimizing erosion and

sedimentation . When drawdowns aremore

rapid and pronounced, erosion is more apt to

occur because more lakebed is exposed and bare

sediments are exposed to the elements for

longer periods. In these instances, silt and

sediment could be carried downgradient by run

off to settle out in the shallows. Silt can inter

fere with food collection and respiration of

benthic organismsand can smother eggs and

larvae .

a

A number of researchers have documented re

sponses ofreservoir macroinvertebrate com

munities to water level drawdowns (Wegener,

Williams, and McCall 1974; Benson and Hud

son 1975; Marshall 1978 ). Benthic organisms

are affected directly and indirectly by water

level changes. Direct effects include exposure

to extremes ofheat and cold . Depending on the

duration of the drawdown and weather condi

tions (temperature, relative humidity , and cloud

cover) benthic organismsmay be killed ormay

survive by burrowing into soft substrates. Indi

rect effects of drawdown include dessication of

algae and aquatic vascular plants that supply

benthic organismswith food and shelter. Ex

posed periphyton may be killed in a matter of

days, while exposed vascular plantsmay live for

severalmonths, depending on temperature and

rainfall.

When Par Pondwasdrawn down in 1991,

large proportion of the littoral macroinverte

brate benthos was destroyed (DOE 1995a).

Mussels and clamswere particularly hard hit.

The introduced clam Corbicula fluminea ,which

is widespread in L -Lake, is incapable of long

downslopemigrations (Folsom 1983). When

exposed to air,mostCorbicula die within a few

days. Survival is dependent upon temperature

and humidity, with clamssurviving an average

of27 days at 20° C and high humidity and only

7 days at 30° C and low humidity (Folsom

1983). Large clams can survive longer than
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small clams, and burrowing in mud can increase

survival time.

lished when water levels recede. On the other

hand, chironomidshave winged adults, allowing

them to rapidly colonize new habitat, such as

newly flooded areas. Therefore an increase in

the relative abundance of oligochaetesmay be

expected for L -Lake during the drawdown, par

ticularly if dissolved oxygen levels are low .

Many oligochaetes possess anatomical and be

havioral adaptations that aid in oxygen uptake

and transport (Brinkhurst and Gelder 1991).

Because Corbicula tend to be concentrated in

shallow ,well-oxygenated (littoral) areas

(Folsom 1983) and are unable to move down

slope in response to rapidly -changing water

levels, they would likely be devastated by a

sudden or prolonged reservoir drawdown . This

could have short-term impacts on fish and wa

terfowl that feed heavily on Corbicula . Because

of the species ' high reproductive potential, sta

ble water levels in the spring or fall could pro

duce a rapid population expansion . Thus, cycles

of increased and decreased abundance of Cor

bicula as the reservoir recedes probably would

occur until dissolved oxygen levels became

limiting.

As thewater level drops, fish habitat would be

reduced and exposed littoral zone vegetation ,

which would provide fish with critical spawning

habitat, food, and cover, would die . If lake lev

els eventually stabilize at or fluctuate around a

lower level, a reservoir (or pond) fish commu

nity would likely develop, although numbers

and diversity of fish probably would be reduced.

If the reservoir empties, the reservoir fish com

munity would be eliminated, probably through

fish kills in the final stages of the drawdown

when fish are forced into small areas and

stressed by overcrowding, low dissolved oxygen

levels, and temperature extremes.

DOEmight also be able to predictchanges in

benthic invertebrate community structure that

would accompany lower water levels in L -Lake.

Wegener,Williams, and McCall (1974) exam

ined benthic macroinvertebrate populations of a

Florida lake before, during, and after an extreme

drawdown that exposed 50 percent ofthe lake

bottom . Standing cropsof profundal benthos,

which remained under water during the draw

down,were slightly reduced during the draw

down but increased after the lake was refilled .

Densities ofoligochaetes and certain larval

dipterans were stable or increased , while densi

ties ofmayflies (Ephemeridae and Baetidae) de

creased. The littoral-zone benthos showed a

similar trend, with a complete loss ofmacroin

vertebrates during the drawdown, and densities

ofoligochaetes, chironomids, and mayflies of

the family Baetidae increasing after the lake

refilled . Marshall (1978 ) found that oligochae

tes became relatively more abundant in years

with low water levels in LakeMcIlwaine, while

chironomids increased in abundance following

flooding

In time, a stream channel would become estab

lished in the lakebed, and streamside vegetation

would slow erosion . Accumulated sediment in

the stream would be washed downstream by

heavy rains and floods. After many years, a

stream ecosystem similar to other small, black

water streamsin the area would develop. Based

on the investigationsof fish community struc

ture conducted by Paller (1994) and others, a

relatively simple fish community comprised of

small, schooling insectivores (shiners and

chubs), small sunfish , and catfish (madtomsand

bullheads) probably would develop over time.

Depending on sediment loads, rainfall, and the

success of the revegetation efforts planned for

the exposed lakebed, this could take years or

decades.

These differences could be due to themanner in

which differentmacroinvertebrate groups colo

nize (or recolonize ) new areas. Oligochaetes are

usually more abundant in deeper waters and

may have the advantage of already being estab

Under this alternative,no riverwater would be

withdrawn at the 3G Pumphouse. This would

completely eliminate entrainment and impinge

ment and could have a small positive impacton
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fish populations in the immediate vicinity of the

SRS pumphouses and intakes.

precipitation -based approach . The streamflow

based simulation showed that the lake would

drop 15 feet (4.6 meters) over a 10 -year period

during years with normal rainfall (1969-1980

data ).

Wetlands Ecology

Natural wetlands in the sandhills of the Upper

Coastal Plain of South Carolina have evolved

with widely fluctuating water levels. Thetwo

best examples are the bottomland hardwood

swamps along the Savannah River and its

tributaries and Carolina bays. Water levels in

the bottomland hardwood swamps fluctuate on

an annual cycle, with levels declining during the

spring and summer and rising during the winter .

Short -term fluctuations such as floods in the

spring and long-term fluctuations such as

droughts that extend over several growing sea

sons produce some variation in the “ normal”

annual cycle (Sharitz , Irwin , and Christy 1974 ).

Water levels in Carolina bays show similar cy

cles. A bay might be dry for years, and a period

of above -normalrainfall will create standing

water and saturated soils.

Modeling also indicated that the lake level

would drop slowly during the summermonths

and stabilize or even rise during the winter

months. This reflects the fact that themodels

are based on stream flow and precipitation in

the region . These cycles of drying and flooding

are typical ofbottomland hardwood swamps on

the SRS and in the southeast.

The droughtof the late 1980s allowed upland

species such as loblolly pine and facultative

wetland species such as sweetgum to invade

Carolina bays on the SRS as their waters re

ceded over a 3- or 4 -year period. When the

bays refilled in the early 1990s, the water

drowned out the upland species and allowed

wetland species such asbuttonbush and maiden

cane to regain their dominance (Pechmann et al.

1993) .

TC

The L -Lake reservoir level simulation com

pleted in 1994 (Jones and Lamarre 1994 )mod

eled the reservoir level over two different time

periodswith different precipitation assumptions

(1969 through 1980 with normal rainfall; and

1980 through 1990 with droughtconditions).

Twomodels, a precipitation-based (rainfall,

runoff)model and a streamflow -based model,

were used. Assuming a sustained and constant

minimum release rate of 10 cubic feet per sec

ond (0.28 cubic meter per second) into Steel

Creek and no groundwater recharge or dis

charge , themodel showsthat the lake cannot

sustain full pool. However, in only one simula

tion did the lake completely empty.

L11-10

L11-14

Based on historic data and themodels, the res

ervoir would probably recede during the grow

ing season . As the lake level slowly recedes,

wetland plants growing in the emergent zone

probably would move downslope with the wa

ter. Seed in the shoreline and shallow -water ar

eas would germinate when exposed, and a dense

growth of wetland and upland species would

quickly cover the sediments (Collins and Wein

1995 ). This occurred in Lost Lake (near

M -Area) following thewaste site remediation

and restoration in early 1991. In the fall of

1991, successful naturally invading species at

LostLake included Eleocharis acicularis, Eupa

torium sp., Typha latifiolia, Polygonum sp .,

Panicum dichotomiflorum , Setaria sp ., and

Cephalanthus occidentalis (Wike et al. 1994).

After the drawdown of Par Pond in 1991, simi

lar reinvasion of the newly exposed shoreline

was observed in August 1992 (Mackey and

Riley 1996 ).

Using 1980-1990 (drought years) data and the

streamflow -based approach,modeling indicated

that the reservoir would drop 70 feet (21.3 me

ters) over a 10 -year period and empty com

pletely (Jones and Lamarre 1994). The

simulation showed that the lake would drop

34 feet ( 10.4 meters) over a 10-year period us

ing data from drought years and employing the
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DOE is currently drafting a plan for restoration

of the upper portion of Steel Creek and its

floodplain forest in consultation with soil scien

tists, ecologists, and foresters at the Savannah

River Forest Station and Westinghouse Savan

nah River Company Savannah River Technol

ogy Center.

As L -Lake recedes, the submersed and floating

leaved aquatics probably would desiccate and

die as they becomestranded. During high rain

fall years, some littoral-zone wetland plants

would survive in shallow water over the sum

mer but probably would die during the next

drought cycle. As the watersofthereservoir re

cede, this cycle of drying and dessication

(during years in which the reservoir drops sev

eral feet ormore ), the reestablishmentand even

expansion (during wet years in which the reser

voir drops a foot or less), and drying and dessi

cation would repeat until the reservoir reaches

equilibrium or empties. Asnoted above, the an

nualdrop in lake elevation could range from

1.5 feet to 7.0 feet (0.5 to 2.1 meters) per year

(Jones and Lamarre 1994 ).

TC

Wetlands surrounding L-Lake would convert to

uplands (through natural succession ) as the lake

levels drop. Wetland species such as redmaple

and sweetgum would continue to grow as the

shoreline recedes,but upland species would , in

time, assert their dominance.

If DOE selects the Proposed Action, the Record

of Decision for the EIS would contain a com

mitment to prepare a Mitigation Action Plan,as

well as a more detailed implementation plan that

provides a step-by- step guide to restoring the

plant communities of the riparian corridorand

floodplain that were lostwhen L-Lake was cre

ated. In addition to the soil stabilization meas

ures discussed earlier, this plan would include

provisions for planting and/or transplanting

trees and shrubs that are likely to survive and

propagate in the Steel Creek floodplain . The

Mitigation Action Plan would also contain

monitoring requirements to ensure the success

of the restoration. The lack ofwoody vegeta

tion in the bare lakebed ( and the shallow water

table) would simplify the reforestation effort

and ensure a high degree of success because

therewould be no other trees competing for

water, nutrients, and space.

Lowering the reservoir levels slowly would

mitigate impacts to wetlands and to the animals

that inhabit the wetlands along the shore . Ero

sion should beminimalduring most years along

much of the shorelinebut could be a problem

along the steeper section between elevations at

170 feet (52meters) and 190 feet (58 meters) on

the northeast shore, particularly in drought

years.

4.1.5.2.3 Shut Down and Maintain

Impacts ofthe Proposed Action would be the

same as the Shut Down and Deactivate Alterna

tive, except that if the River Water System was

restarted and flows to L -Lake were increased,

water levels could rise and inundate the shore

line. If the water level rises rapidly, the upland

vegetation would die after a period of inunda

tion . Wetland specieswould recolonize the

shoreline when the rate of filling slowed and the

lake level stabilized .

L08-01

Asnoted in Section 3.2.1, DOE would apply

appropriatemeasures to revegetate the bare

lakebed and attempt to reestablish the ecosys

tem that existed before the creation of the reser

voir. These measures would include fertilizing

L05-01 and seeding bare areas to preventerosion and

L06-03 could include a variety of other soil conserva

tion measures, such as silt fences, sedimentbar

riers, and fabric blankets, which promote seed

growth as well as control erosion. These ero

sion controlmeasures would be part of a larger

effort to restore the stream ecosystem and asso

ciated floodplain forest that existed before SRS

operations dramatically altered this ecosystem .

L13-02
4.1.6 LAND USE

L13-06

4.1.6.1 Affected Environment

Located in southwestern South Carolina,the

SRS occupies an area of approximately

300 square miles (800 square kilometers). The
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Savannah River forms the Site's southwestern

boundary for 27 miles (43 kilometers) on the

South Carolina-Georgia border . The SRS is ap

proximately 25 miles (40 kilometers) southeast

ofAugusta,Georgia ,and 19 miles (31 kilome

ters) south ofAiken , South Carolina, the nearest

major population centers.

In January 1994, DOE began a process to seek

internal and external stakeholder recommenda

tions on future uses of lands and facilities at

each of its sites. Each DOE field office was to

obtain stakeholder- preferred future use recom

mendations. At the SRS,DOE formed the Fu

ture Use Project Team , which is comprised of

representatives of local stakeholder groups such

as the SRS Citizens Advisory Board , SRS Land

Use Technical Committee, and Citizens for En

vironmental Justice. DOE used a variety of

public involvement approaches, including

public meetings, to arrive at stakeholder

preferred future use options.

With the exception of Site facilities, land cover

consists of a wide variety ofnatural vegetation

types, with more than 90 percent in forest land.

Land adjacent to the Site is used mainly for for

est,agricultural, and industrial purposes; indus

trial uses include a commercial two-unit nuclear

powerplant, a regional low -level radioactive

waste repository, and a wide variety of conven

tional industries.

In January 1996 , DOE published the SRS Future

Use Project Report (DOE 1996b), which sum

marizes stakeholder -preferred future use rec

ommendations that DOE uses as it considers

ongoing and future mission needs, technical ca

pabilities, legalrequirements, and funding

throughout future planning and decisionmaking

act ities. In the report, the Future Use Project

Team made the following recommendations:

Open fields and pine and hardwood forests

comprise 73 percent ofthe Site; approximately

22 percentis wetlands, streams,and two reser

voirs (L -Lake and Par Pond); production and

support areas, roads, and utility corridors

count for 5 percentof the total land area (DOE

1993b). L -Lake occupies about 1,000 acres

(4.0 square kilometers) of the site (Bowen

1993a ). The SRS includes several production ,

production support, service, research and devel

opment,and waste management areas. The U.S.

Forest Service (under an interagency agreement

with DOE) harvests about 1,800 acres

(7.3 square kilometers ) of timber from SRS

each year (DOE 1993b ).

SRS boundaries should remain unchanged,

and the land should remain under the own

ership of the Federalgovernment, consistent

with the Site's designation as the firstNa

tional Environmental Research Park .

Residential uses of SRS land should be

prohibited.

IfDOE or the Federal government decides

to sell any SRS land, DOE should seek leg

islation to permit former landowners (as of

1950 to 1952) or their descendants to have

the first option to buy back the land they

owned.

DOE has set aside approximately 14,085 acres

(57 square kilometers) of the SRS exclusively

for nondestructive environmental research in

accordance with its designation of the Site as a

National Environmental Research Park. Re

search in the set-aside areas is coordinated by

the University ofGeorgia's Savannah River

Ecology Laboratory (DOE 1993b ). The SRS

has been proposed but not yet approved as a

Congressionally designated National Environ

mental Research Park . Under that proposal,

lands of the SRS would be under Federal control

in perpetuity (Shearer 1996 ).

SRS land should be available formultiple

uses ( e.g., industry , ecological research ,

natural resourcemanagement, research and

technology demonstration , recreation , and

public education )where appropriate and

nonconflicting, but not for residential use .
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4.1.6.2 Land Use Impacts
SomeSRS land should continue to be avail

able for nuclear and non -nuclear industrial

uses, and commercial industrialization

should be an option.

4.1.6.2.1 No Action

Industrial and environmental research and

technology development and transfer should

be expanded.

Activities associated with the No-Action Alter

native would not affect currentuses of L -Lake.

DOE has not identified the lakeasan area for

possible future missions. DOE would use the

Future Use Project recommendations and the

actions described in Section 4.1.6.1 to determine

future uses for the lake .

Natural resource management should be

pursued where possible ,with biodiversity

the primary goal.

4.1.6.2.2 Shut Down and Deactivate

Recreational opportunities should be in

creased as appropriate.

Future use planning should consider the full

range of worker, public , and environmental

risks, benefits, and costs associated with

remediation.

The 1995 Land-Use Baseline Report, Savannah

River Site (WSRC 1995b) does not project any

other future mission for L -Lake. Appendix A

containsmore information on the environmental

restoration implications ofthe proposed action

in this EIS .

Under this alternative, L -Lake would recede

over approximately 10 years, returning to the

stream flow conditions of Steel Creek. During

this period, the research andmonitoring de

scribed in Section 4.1.6.1 would continue.

However, as the receding water exposed poten

tially contaminated sediments (see Sec

tion 4.1.8.2 ), the type and frequency of

monitoring would differ from current opera

tions. Appendix A describes environmental

restoration implications and ongoing investiga

tions associated with the cleanup of an exposed

contaminated lakebed . Additional L -Lake re

search opportunitieswould becomeavailable,

for example, studying how a biological com

munity adjusts to stresses associated with the

return of Steel Creek to original conditions.

Itwas suggested by EPA in its comments on

DOE'sWaste Management Activities for

Groundwater Protection EIS that DOE continue

to use a 100-year institutional control period for

guiding future SRS projects that have Site spe

cific actions (DOE 1987a).
4.1.6.2.3 Shut Down andMaintain

The impacts from this alternative would be the

same as those from the Shut Down and Deacti

vate Alternative,except DOE could restartthe

River Water System if necessary. Section 3.3.1

discusses possible reasonsDOE would restart

Atpresent, there are no proposed privatization

plans requiring the use of L -Lake or site-use

permits for other than its current use (Hill

1996 ). Ten scientists and technicians conduct

monitoring and research on L -Lake each week,

and about three tour groups visit L -Lake each

week (Marcy 1996 ). Research studies include

effects of radioactive effluents and metals on

aquatic macrophytes, fish , and other vertebrates

(Janecek 1996 ). Otherwise, the use of L -Lake is

restricted .

the system .
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4.1.7 AESTHETICS 4.1.7.2.2 Shut Down and Deactivate

4.1.7.1 Affected Environment

The dominantaesthetic settings in the vicinity

of SRS are agricultural land and forest,with

limited residential and industrial areas. The re

actors and most of the large facilities are in the

interior portions of the Site ( see Figure 1-2).

Because of the distance to the SRS boundary ,

rolling terrain , normally hazy atmospheric

conditions, and heavy vegetation, L -Lake is not

visible from off the Site or from roads with

public access.

Under this alternative , DOE would shut down

the River Water System , thereby pumping no

water to L -Lake. The only water the lake would

receive would come from naturalrecharge from

the environment. The lakewould recede over

approximately 10 years to the original Steel

Creek channel.

Wetlands are more prevalentalong the east side

of L -Lake; lotus is the dominantsurface plant in

deeper water habitats at the outer edges of the

cattail beds (Jensen et al. 1992). Wading birds

are often observed foraging in lake shallows,

and turtles are abundant, sunning on stumps and

logs. Section 4.1.5 describes the flora and fauna

of the L -Lake area. Figure 4-15 shows

L -Lake/Steel Creek from the north side of Road

B looking upstream . Figure 4-16 shows L -Lake

from the boatramp on the west side of the lake

toward the southeast. Figure 4-17 is a view to

the north of L -Lake from the road across the

dam at the south end of the lake .

Figure 4-18 shows L -Lake at partial pool to il

lustrate how it would look as it recedes. As the

lake recedes, there would be a loss ofwildlife

habitat and vegetation . Dried mud flats would

be exposed until revegetation began , and there

could be intermittentodor problems. However,

based on the 1991 through 1995 Par Pond draw

down, plants would invade the newly exposed

shoreline fairly rapidly. Grasses, sedges, and

rushes colonized the bare Par Pond lakebed

(Wike et al. 1994), and someold field species

also becameestablished. Figures 4-19 and 4-20

are artists ' rendering of how the lakewould ap

pear as it recedes and revegetation of the ex

posed lakebed begins.

TE

During the drawdown period, DOE would apply

the followingmeasures to minimize adverse ef

fects of exposed sediments in the lakebed; these

measureswould also help to rebuild natural re

sources and minimize aesthetic impacts:

.

Current users and those who regularly view

L-Lake include 1,790 vehicles a day that travel

east or west across the north end of the lake on

Road B , three SRS tour groups a week,and

about 10 scientists and technicians who conduct

monitoring and or research on the lake. The

lake is restricted from other uses (Marcy 1996).

Plant grass seed on exposed sediments to

minimize effects of erosion and exposure of

contaminants in the lakebed

Apply other appropriate vegetation meas

ures to accelerate the reversion of the lake

to the original conditions of Steel Creek4.1.7.2 Aesthetic Impacts

4.1.7.2.1 No Action Seed the upstream face of the dam after the

lake level dropped below the top portions of

the dam , which are protected by riprapUnder the No- Action Alternative ,DOE would

continue to pump water from the Savannah

River through the River Water System to

L -Lake and would maintain it at full pool. The

aesthetic setting of the lakewould not change

and there would be no impacts.

The effects of these landscape changes cannot

be quantified . Aesthetics is a subjective factor,

dependent on individual perception and oppor

tunity. In essence , it dependson whether a
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particular object or scene would affect the indi

viduals viewing it. Thenearly 1,800 persons

who pass by L -Lake each day are SRS workers

accustomed to changes in the Site landscape

who might not consider these changes signifi

cant, assuming they perceive SRS as strictly an

industrial complex.

of the total annual average environmentalradia

tion dose to individuals within 50 miles

(80 kilometers) of SRS (Arnett,Mamatey, and

Spitzer 1996 ) .

4.1.7.2.3 Shut Down and Maintain

The consequences of this alternative would be

the same as those for the Shut Down and Deac

tivate Alternative, except DOE could restart the

River Water System if necessary. Section 3.3.1

contains possible reasons for restarting the sys

tem .

Naturalbackground radiation contributes about

82 percentof the annualaverage dose of

360millirem received by an averagemember of

the population within 50 miles (80 kilometers)

of SRS (Figure 4-21). Based on nationalaver

ages,medical exposure accounts for an addi

tional 15 percent of the annual dose,and the

combined doses from weaponstest fallout, con

sumer and industrialproducts, and air travel ac

count for about 3 percent of the total dose (DOE

1995c).

4.1.8 OCCUPATIONAL AND PUBLIC

HEALTH

4.1.8.1 Affected Environment

External radiation from natural sources comes

from cosmic rays and emissions from natural

radioactive materials in the ground. The radia

tion dose to the individual from external radia

tion varieswith the exposure location and

altitude.
4.1.8.1.1 Public Health

A release of radioactivity to the environment

from a nuclear facility is an important issue for

both SRS workers and the public . However, the

environment containsmany sources of ionizing

radiation , and it is importantto understand all

such sources to which people are routinely ex

posed.

Internal radiation from natural terrestrial

sources consists primarily of potassium -40, car

bon - 14 , rubidium -87, and daughter products of

radium -226 that people consumein food grown

with fertilizers containing these radionuclides.

The estimated average internal radiation expo

sure in the U.S. from natural radioactivity

(primarily indoor radon daughter products) is

240 millirem per year.

Sources of Environmental Radiation

Environmental radiation consists ofnatural

background radiation from cosmic, terrestrial,

and internalbody sources; radiation from medi

cal diagnostic and therapeutic practices ; radia

tion from weapons test fallout;radiation from

consumer and industrial products ;and radiation

from nuclear facilities . All radiation doses

mentioned in this EIS are effective dose

equivalents (i.e., organ doses are weighted for

biological effect to yield equivalentwhole-body

doses) unless specifically identified otherwise

(e.g., absorbed dose, thyroid dose , bone dose ).

Medical radiation is the largest source ofman

made radiation to which the population of the

U.S. is exposed . The average dose to an indi

vidual from medical and dental X -rays,prorated

over the entire population, is 39 millirem per

year (DOE 1995c). In addition, radiopharma

ceuticals administered to patients for diagnostic

and therapeutic purposes account for an average

annualdose of 14 millirem prorated over the

population . Thus, the averagemedical radiation

dose in the U.S.population is about53 millirem

per year. Prorating the dose over the population

determines an average dose that,when multi

plied by the population size , produces an esti

mate of population exposure; it doesnotmean

Releases of radioactivity to the environment

from the SRS accountfor less than 0.1 percent
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that everymemberof the population receives a

radiation exposure
from these sources.

In 1980 the estimated average annual dose from

fallout from nuclear weapons tests was

4.6 millirem (0.9 millirem from external gamma

radiation and 3.7 millirem from ingested radio

activity ). Because atmospheric nuclear weapons

tests have not occurred since 1980, the
average

annual dose from fallout is now less than 1 mil

lirem . This decline is due principally to radio

active decay.

104 millicuries ofcesium -137 per square kilo

meter were deposited in the latitude band that

includes South Carolina (30° N to 40° N ). The

total resulting deposition was 2,850 curies on

the 10,580 square miles (27,400 square kilome

ters ) ofthe Savannah Riverwatershed and

80 curies on SRS. The cesium - 137 attached to

soil particles and has slowly moved from the

watershed . Results from routine health protec

tion monitoring programs indicate that since

1963 about 1 percent of the 2,850 curies of ce

sium -137 deposited on the total Savannah River

watershed has been transported down the river

(DOE 1995c).
A variety ofconsumer and industrial products

yield ionizing radiation or contain radioactive

materials and, therefore , result in radiation ex

posure to the general population . These sources

include televisions, luminous dialwatches, air

port X -ray inspection systems, smoke detectors,

tobacco products, fossil fuels, and buildingma

terials. The estimated average annual dose for

the U.S. population from these sources is

10 millirem per year (DOE 1995c). About one

third of this dose is from external exposure to

naturally occurring radionuclides in building

materials.

Onsite monitoring shows an average of50 mil

licuries of cesium - 137 per square kilometer

(1976 to 1982 average) in the upper 2 inches

(5 centimeters) ofthe soil column; this is half

the original amount. Some of the cesium has

moved down in the soil column, and somehas

moved in surface water to the Savannah River.

People who travel by aircraft receive additional

exposure from cosmic radiation because at high

altitudes the atmosphere provides less shielding

from this source ofradiation . The average an

nual airline passenger dose , prorated over the

entire U.S. population, amounts to 1 millirem

(DOE 1995c).

Other nuclear facilities within 50 miles

(80 kilometers) of the SRS include a low -level

waste burial facility operated by Chem -Nuclear

Systems, Inc., near the eastern Site boundary ,

and Georgia Power Company's Vogtle Electric

Generating Plant, located directly across the

Savannah River from the Site. In addition ,

Carolina Metals, Inc., which is northwest of

Boiling Springs in Barnwell County, South

Carolina, processes depleted uranium . The

Chem -Nuclear facility ,which began operating

in 1971, releases essentially no radioactivity to

the environment (DOE 1995c), and the popula

tion dose from normal operations is very small.

The 50 -mile- (80-kilometer-) radiuspopulation

receives an immeasurably small radiation dose

from the transportation of low -level radioactive

waste to theburial site . Plant Vogtle began

commercial operation in 1987, and its releases

to date have been far below DOE guidance lev

els and Nuclear Regulatory Commission regula

tory requirements (DOE 1995c).

Radiation Levels in the Vicinity of SRS

Figure 4-21 summarizes themajor sources of

exposure for the population within 50 miles

(80 kilometers) of SRS and for populations in

Beaufort and Jasper Counties, South Carolina ,

and Chatham County, Georgia, that drink water

from the Savannah River. Many factors, such as

natural background dose andmedical dose, are

independent ofSRS.

Atmospheric testing of nuclearweaponsdepos

ited approximately 25,600,000 curies ofcesium

137 on the earth's surface (DOE 1995c ). About

In 1995 releases ofradioactive materialto the

environment from SRS operations resulted in a

Site boundary maximum dose from all pathways
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SRS contribution :

0.20 millirem per year

Internal from terrestrial sources:

40 millirem per year Medicalradiation :

53 millirem peryear

External from

terrestrial sources :

28 millirem per year
Consumerproducts:

10 millirem per year

Cosmic :

27 millirem

per year

Other, including

Nuclear Facilities,

Occupational

Exposure, and

Fallout-0.6 millirem

( less than 1 % )

Radon in homes :

200 millirem per year

Notes: Themajor contributor to the annual average individual dose in the United States,including residents of the

CentralSavannah River Area,is naturally occurring radiation (about 300 millirem ). During 1995, SRS

operations potentially contributed a maximum individual dose of 0.20 millirem ,which is less than 0.1 percent of

the 360 millirem total annualaverage dose (natural plus manmade sources ofradiation ).

Legend:

Natural Background

PK64-2

Figure 4-21. Major sources of radiation exposure in the vicinity of Savannah River Site.
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from atmospheric releases of 0.06 millirem per

year ( in the west-southwest sector), and a

maximum dose from releases into water of

0.14 millirem per year, for a maximum total an

nualdose at the SRS boundary of0.20 millirem .

The maximum dose to downstream consumers

of Savannah River water, to users of the

Beaufort- Jasper public water supply, was

0.05 millirem per year (Arnett,Mamatey, and

Spitzer 1996 ).

DOE conducts controlled deer and hog hunts

annually at SRS to control their populations.

Field measurements performed on each animal

before its release to the hunter determine the

levels of cesium -137 present in the animal.

Laboratory analyses verify field measurements

and dose calculations estimate the dose to the

hypotheticalmaximally exposed individual

among the hunters. In 1995 this hypothetical

hunter harvested three animals during thehunts.

The estimated dose to this hunter was based on

the cesium - 137 measurements of the deer and

hog muscle taken from these animals and the

conservative assumption that the hunter con

sumed all edible portions of these animals

[ 156 pounds (70.8 kilograms) ofmeat ). The es

timated dose was 30 millirem (Arnett,Ma

matey, and Spitzer 1996 ),which represents

30 percent of theDOE annual limit of

100 millirem (DOE Order 5400.5 ).

In 1996 the population within 50 miles

(80 kilometers) of SRS was672,122 (Simpkins

1996b). The collective effective dose equiva

lent to this population in 1995 was 3.5 person

rem from atmospheric releases. Table 4-11 lists

the population distribution for the 50-mile

(80-kilometer) population. The 1990 population

of65,000 people using water from PortWen

tworth (Savannah ), Georgia, and from Beaufort

and Jasper Counties, South Carolina received a

collective dose equivalentof 1.6 person - rem

(Arnett, Mamatey, and Spitzer 1996 ).

Table 4-11. Population distribution in 1996 within 50-mile (80-kilometer) radius of Savannah River

Site.a

0-5 5-10

0 28

60

1

Direction

N

NNE

NE

ENE

E

ESE

SE

SSE

S

0

0

0

29

168

390

0 28

430

0

0

Miles

10-20 20-30

5,765 10,853

1,430 2,238

3,191 3,172

3,387 4,858

7,308 5,748

1,686 2,093

592 7,055

423 833

603 1,442

972 2,175

1,023 2,428

1,195 7,707

3,591 8,604

3,621 115,805

6,393 95,284

19,535 29,437

60,715 299,732

30-40

5,492

4,819

5,712

5,786

9,554

2,938

7,248

1,469

7,861

4,533

2,825

2,478

8,666

54,542

28,808

7,225

159,956

40-50

13,235

15,572

11,053

44,195

4,698

3,526

9,297

2,752

3,615

3,191

2,883

6,306

7,349

12,520

3,279

6,589

150,060

Total

35,373

24,065

23,129

58,255

27,476

10,282

24,220

5,520

13,522

10,873

9,177

17,751

28,269

186,974

134,057

63,179

672,122

1

2

0

0

SSW

SW

WSW

W

WNW

NW

NNW .

Total

0

0

18

65

59

486

293

393

1,659

0

0

a .
Source: Simpkins (1996b).

b . To convertmiles to kilometers, multiply by 1.6093.

4-69



DOE/EIS -0268

Radiation Levels in C-, K-, L-, P-, and R

Areas

In 1995 DOE assumed that the hypothetical

maximally exposed individual fisherman ate

42 pounds (19 kilograms) of fish per year. The

estimated dose to the fisherman, based on con

sumption of fish taken only from themouth of

Steel Creek on SRS, was 1.20 millirem (Arnett,

Mamatey, and Spitzer 1996 ), or 1.2 percentof

the DOE annual limit.

Table 4-12 lists gamma radiation levelsmeas

ured in C-, K-, L-, P-, and R -Areas in 1994.

These values can be compared to the average

dose rate of 35 millirem per yearmeasured at

the SRS boundary. This difference is attribut

able to differences in geologic composition and

to facility operations.Gamma radiation levels, including natural

background, terrestrial, and cosmic radiation

measured at 179 locations around the SRS

boundary during 1995, yielded a maximum dose

rate of 106 millirem per year (Arnett,Mamatey,

and Spitzer 1996 ). This level is typical ofnor

mal background gamma levels in the general

area (100 millirem per year measured in Girard ,

Georgia , in 1995) . Themaximum gammara

diation level measured on the Site (N - Area) was

275millirem per year (Arnett,Mamatey, and

Spitzer 1996 ).

Analyses of soil samples from uncultivated ar

easmeasure the amount of particulate radioac

tivity deposited from the atmosphere. Table

4-13 lists maximum measurements of radionu

clides in the soil in 1995 for C-, K-, L-,P-, and

R - Areas, the SRS boundary, and background

[100-mile (160-kilometer)] monitoring loca

tions. Elevated concentrations of strontium - 90

and plutonium -239 measured around F- and

H -Areas reflect releases from these areas.

Radiation Levels and Metals in L -LakeDOE provides detailed summaries of releases to

the air and water from the SRS in a series of an

nual environmental reports (e.g., Arnett,

Mamatey, and Spitzer 1996 ). Each of these re

ports summarizes radiological and nonradi

ologicalmonitoring and the results of analyses

of environmental samples. These reports also

summarize the results of the extensive ground

water monitoring at SRS ,which usesmore than

1,600 wells to detect and monitor both radioac

tive and nonradioactive contaminants in the

groundwater and drinking water in and around

process operations, burial grounds, and seepage

basins.

TC

To support this EIS, DOE conducted a 2 -year,

full-scale contaminant study to develop a com

plete and defensible list ofcontaminants in

L -Lake. The sampling locations chosen were

biased toward areas of suspect contamination

such as the original stream channel. In the fol

lowingdiscussion , L -Lake includes both the

lake itself and the originalcreek bed beneath the

lake. Under the Proposed Action , Steel Creek

would reestablish itself as a flowing stream .

Table 4-12. External radiation levels (milliroentgen per year) at Savannah River Site facilities.a,b

Location
Average Maximum

C - Area
78 80

K -Area
79 93

L -Area
80 87

P - Area
80 88

R -Area
79 84

a .
Source: Arnett,Mamatey, and Spitzer (1996).

b . Onemilliroentgen is approximately 1millirem .
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TE

Table 4-13. Maximum measurements of radionuclides in soil for 1995 (picocuries per gram ; 0 to

3 inches (0 to 8 centimeters) depth ].a

Location Strontium - 90 Cesium - 137 Plutonium -238 Plutonium -239

C -Area 0.00343 0.974 0.0881 0.616

K -Area 0.00290 1.01 0.0286 0.0923

L -Area
0.00300 0.152 0.0533 0.166

P -Area 0.00152 0.110 0.00144 0.0036

R -Area 0.00083
(b ) (b ) (b )

Site boundary 0.00185 0.424 0.00190 0.0149

Background [100-mile 0.00741 0.355
0.000578 0.00681

(160-kilometer radius)]

|TC

a . Source: Arnett,Mamatey, and Spitzer (1996 ).

b . Activity is below the lower level of detection .

However, for the purpose of this risk assess

ment, it is assumed that the entire creek bed

would become exposed. As a result, no credit is

taken for the shielding that this water would

provide. Appendix F provides a more compre

hensive description of the sampling program .

Table 4-14 provides an average of all samples

that screened aboveEPA risk -based guidelines.

Thismethod provides a conservative approach

toward risk determination .

Table 4-14 lists the average concentrations of

radionuclides and metalsmeeting the screening

criteria for the samples taken in 1995 and 1996 .

DOE used these data for input to theMultimedia

Environmental PollutantAssessment System

(MEPAS) computer code (Droppo et al. 1995 )

for impact analysis by spatially averaging these

values over the entire lakebed . These values

were also used for evaluations presented in Ap

pendixes A and B.

TC

Figure 4-22 presents a cesium -137 isodose

contour of L -Lake.

TC

Water samples from L -Lakewere analyzed to

determine concentrations of radionuclides and

metals. Table 4-15 lists the results of these

analyses.

4.1.8.1.2 Occupational Health

DOE in 1995 collected sediment cores from

shallow and deep water locations in L -Lake.

The 0- to 1- foot (31-centimeter) segments of

these samples were analyzed for radioactive and

nonradioactive constituents and the results were

validated (Koch ,Martin , and Friday 1996 ). In

1996 DOE collected additional surface soil and

sedimentcores from the submerged portions of

the L -Lake basin . These samples were also

analyzed for radioactive and nonradioactive

constituents and the results validated (Dunn,

Gladden, and Martin 1996 ; Dunn, Koch , and

Martin 1996 ). To further reduce thenumber of

potential constituents of concern , the validated

nonradiological constituents results were then

screened using the EPA Region 3 screening

criteria (Dunn and Martin 1997). Similarly , the

validated radiological constituentresults were

screened with the Westinghouse Savannah

River Company Risk Based Activity screening

criteria (Dunn andMartin 1997).

Themajor goalof the SRS Health Protection

Program is to keep the exposure of workers to

radiation and radioactive materialwithin safe

limits and, within those limits, as low as rea

sonably achievable. An effective radiation pro

tection program mustminimize doses to

individualworkers and the collective dose to all

workers in a given work group.
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TC

Table 4-14. Average concentration and inventory of radionuclides and metals in L -Lake sediments.a

Contaminant Concentration Inventory

Radionuclides (pCig) (curies)

Cesium - 137 5.8 11.6

Cobalt -60 0.09
1.8 x 10-1

Plutonium -239/240 3.0 x 10-2 5.9 x 10-2

Promethium -146 1.4 x 10-2 2.7 x 10-2

Uranium -233/234 0.77 1.54

Metals (ug/kg) (grams)

Antimony
6.9 ~ 103 1.4 x 107

Arsenic
1.8 x 104 3.5 x 107

Beryllium 2.3 x 102 4.6 x 106

Cadmium
1.0 × 103 2.0 x 106

Lead
1.4 x 104 2.9 x 107

Manganese 3.0 x 102 6.1 x 105

Thallium
1.9 x 104 3.9 ~ 107

a . Source: Dunn and Martin (1997).

Sources of Radiation Exposure to Workers at

SRS
from external sources is nonpenetrating and

produces no external exposure.

Worker dose comes from exposure to external

radiation or from internal exposure when radio

active material enters the body. In most SRS

facilities, the predominant source ofworker ex

posure is from external radiation . In the SRS

facilities that process tritium , the predominant

source of exposure is the internal dose from

tritium that workers have inhaled or absorbed

into internal body fluids. On rare occasions,

other radionuclides can contribute to internal

dose ifworkershave accidentally inhaled or in

gested them .

Internal exposure occurs when radioactive ma

terial is inhaled, ingested, or absorbed through

the skin . Once the radioactivematerial is inside

thebody, low -energy beta and nonpenetrating

alpha radiation emitted by the radioactivemate

rial in proximity to organ tissue can produce a

dose to that tissue. If this same radioactivema

terial were outside the body, the low penetrating

ability of the radiation would prevent it from

reaching the critical organs. To determine

health hazards,organ dose can be converted to

effective dose equivalents. Themode of expo

sure (internal versus external) is irrelevant when

comparing effective dose equivalents.

SRS Worker Dose

External exposure comes primarily from gamma

radiation emitted from radioactive material in

storage containers or process systems(tanks and

pipes). Neutron radiation ,which few special

radionuclides emit, also contributes to worker

external radiation in a few facilities . Beta ra

diation , a form ofexternal radiation, has a

smaller impact than gamma and neutron radia

tion because it has lower
penetrating energy

and, therefore, produces a dose only to the skin

rather than to internal organs. Alpha radiation

The purpose of the radiation protection program

is to minimize doses from external and internal

exposure; it must consider both individualand

collective doses. DOE could reduce individual

worker dose to very low levels by using many

workers to perform extremely small portionsof

the work task. However, frequentchanging of
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Figure 4-22. Cesium -137 conservative 1995 isodose contours.
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Table 4-15 . Average surface water concentrations of radionuclides and metals in L -Lake.a

Contaminant Concentration

Radionuclides (pCi/ml)

Tritium 10.0

Metals (ug/ml)

Barium 1.1 x 10-2

Manganese 2.5 10-2

Magnesium 1.2

Vanadium 4.6 x 10-4

Beryllium 3.9 ~ 10-4

a .
Sources: Simpkins (1996c); Paller (1996).

workers would be inefficient and would result in

a higher total dose received by all workers than

if DOE used fewer workers and each worker re

ceived a slightly higher dose.

small doses (less than 10 rem ) over a period of

many years (chronic exposures) and the fact that

the extent to which cellular repair mechanisms

reduce the likelihood of cancers is unknown.

Therefore, the radiological risks reported in this

EIS should be used only for relative compari

sonsbetween alternatives and should notbe in

terpreted as absolute or actual risks.

Worker doses at the SRShave consistently been

well below the DOE worker exposure limits .

Administrative exposure guidelines are set at a

fraction of the exposure limits to help ensure

doses are as low as reasonably achievable. For

example, the current DOE worker exposure

limit is 5 rem per year, and the SRS administra

tive exposure guideline was 0.7 rem per year in

1996 (WSRC 1995d ). Table 4-16 lists maxi

mum and average individualdoses and SRS

collective doses from 1988 through 1995 .

TC

In the United States, 23.4 percent of human

deaths each year are caused by someform of

cancer (CDC 1996 ). Any population of

5,000 people is likely to contract approximately

1,200 fatal cancers from nonoccupational causes

during their lifetimes, depending on the ageand

sex distribution. Workers who are exposed to

radiation have an additional risk of0.0004 latent

fatal cancer per person-rem of radiation expo

sure (DOE 1995c).

Worker Radiological Risk

To compare the alternatives, this EIS quantifies

risks associated with very small chronic expo

sures. These calculated risks are reasonably

conservative estimates of actual risks included

in a range that could include zero . In addition,

because of the large uncertainties that exist in

the dose-effect relationship , the Health Physics

Society recently recommended against quantify

ing risks due to radiation exposures comparable

to those calculated in this EIS [i.e., doses (in

addition to background) less than 5 rem in a

year or less than 10 rem in a lifetime] (HPS

1996 ). These uncertainties are due, in part, to

the fact that epidemiological studies have been

unable to demonstrate that these adverse health

effects have occurred in individuals exposed to

In 1995, 5,157 SRSworkers received ameasur

able dose of radiation amounting to 256 person

TE| rem ( Table 4-16 ). Therefore, this group could

experience as much as 0.1 (0.0004 x 256) addi

tional cancer death due to their 1995 occupa

tional radiation exposure. Continued operation

of the SRS could result in asmuch as

0.1 additionalcancer death each year of opera

tion, assuming future annual worker exposure

continues at the 1995 level. In other words, for

each 10 years of operation, there could beone

additional death from cancer among thework

force that receives a measurable dose at the

1995 level.
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Table 4-16 . Savannah River Site annual individual and collective radiation doses, 1988-1995.a

Individual dose (rem ) SRS collective dose

Year Maximum Averageb
(person-rem )

1988 2.040 0.070 864

1989 1.645 0.056 754

1990 1.470 0.056 661

1991 1.025 0.038 392

1992 1.360 0.049 316

1993 0.878 0.051 263

1994 0.957 0.024 314

1995 1.341 0.019 256

a .
Adapted from : DOE (1995c),WSRC (1994b ),Kvartek (1995, 1996 ).

b . The average dose is calculated only for workers who received a measurable dose during the year.

4.1.8.2 Environmental Impacts

This section discusses radiological and nonra

diological exposures from L -Lake due to normal

operations under the alternatives and subsequent

impacts to the public and workers. This analy

sis shows that thehealth effects (specifically

latent cancer fatalities and hazard indexes) as

sociated with the alternatives would be small,

and would be small in relation to those normally

expected in the worker and regional area popu

lation groups from other causes.

gested the use ofdetrimentweighting factors

that consider the curability rate ofnonfatal can

cers and the reduced quality of life associated

with nonfatal cancer and heredity effects. The

commission recommended probability coeffi

cients (risk factors) for the general public of

0.0001 per person -rem fornonfatal cancers and

0.00013 per person - rem for hereditary effects.

Both of these values are approximately a factor

of 4 lower than the risk factors for fatal cancer.

Therefore, this EIS presents estimated effects of

radiation only in termsof latent cancer fatalities,

because that is themajor health effect from ex

posure to radiation .The principal potential human health effect

from exposure to low levels of radiation is can

cer. Human health effects from exposure to

chemicals can be toxic (e.g., nervous system

disorders ) or cancer. This analysis expresses

radiological carcinogenic effects as the number

of fatalcancers for populations and themaxi

mum probability of death of a maximally ex

posed individual.

For nonradiologicalcarcinogenic health effects,

risks are estimated as the incremental probabil

ity of an individual developing cancer (either

fatal or nonfatal) over a lifetimeas a resultof

exposure to the potential carcinogen . The

overall potential for cancer posed by exposure

to multiple chemicals is calculated by summing

the chemical-specific cancer risks to determine

a total individual lifetime cancer risk .In addition to latent cancer fatalities, other

health effects could result from environmental

and occupationalexposures to radiation. These

effects include nonfatal cancers among the ex

posed population and genetic effects in subse

quent generations. To enable comparisons with

fatal cancer risk, the International Commission

of Radiological Protection (ICRP 1991) sug

The potential for nonradiologicalnoncarcino

genic health effects is evaluated by comparing

an exposure level over a specified period with a

reference dose derived for a similar exposure

period. This ratio ofexposure to toxicity is

called a hazard quotient (EPA 1989 ). The non
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future and current land use worker scenarios.

The following sections provide details of these

scenarios.

cancer hazard quotient assumes that there is a

levelofexposure below which even sensitive

populations would be unlikely to experience ad

verse health effects. If the exposure levelex

ceeded this threshold , there could be concern for

potential noncancer effects .

SU

To assess the overall potential for noncarcino

genic effects posed bymore than one chemical,

a hazard index approach is used (EPA 1989).

This approach assumes that simultaneous sub

threshold exposures to severalchemicals could

result in an adverse health effect. It also as

that themagnitude of the adverse effect

will be proportionalto the sum of the ratios of

the subthreshold exposures to acceptable expo

sures. The hazard index, therefore , is described

as the sum of thehazard quotients. If the hazard

index exceeds 1, there could be concern for po

tentialhealth effects .

Figures 4-23 and 4-24 show the pathways

evaluated in this EIS formembers of the public

and workers, respectively . This EIS reports

only impacts thatwould result from alternative

actions that represent changes (incremental im

pacts) in relation to impacts from routine

(baseline impacts) operation of the SRS

(baseline impacts as presented in Sec

tion 4.1.8.1). However, the EIS estimates im

pacts that exist in the baseline case and are

likely to change due to alternative activities, to

enable the calculation of incremental changes

for each alternative . Mostof these impacts

would be so small they could not bemeasured

accurately and, therefore ,mustbe calculated .

Examples of these small impacts would include

risks associated with exposure to volatilized

tritium through inhalation and to mercury

through dermal absorption resulting from con

tact with contaminated sediments.

4.1.8.2.1 No Action

DOE used theMEPAS computer code

(Droppo et al. 1995) , a multipathway risk model

developed by Pacific Northwest Laboratory , to

assess the impacts of the No-Action , Shut Down

and Deactivate, and Shut Down and Maintain

Alternatives. TheMEPAS code transports

contaminants from a contaminated area to po

tential human receptors through various trans

port pathways (groundwater, surface water,

soils, food, etc.). Human receptors receive both

chemical and radiation doses through exposure

or intake routes (ingestion , dermal contact, inha

lation , etc.) and number ofexposure pathways

(drinking water, leafy vegetables,meat, etc.).

MEPAS reports impacts for radiological expo

sures in termsofdose (rem ) and cancer risk .

For chemical exposures, it can report impacts as

cancer risks orhazard index .

The No-Action Alternative assumes L-Lake

would remain at full pool [190 feet (58 meters)

above mean sea level] and contaminated sedi

ments would remain saturated and, therefore,

would not become resuspended and available

for transport to another location or inhalation .

However, this analysis assumes that tritium

would volatilize from the surface ofthe lake and

become available for inhalation and absorption

under currentand future land use scenarios by

members ofthe public and involved and unin

volved workers. Workers could also be exposed

to contaminants in the surface water.

Public Health Impacts

Because future use scenarios for the SRS in

clude the use of Site lands for recreational ac

tivities (DOE 1996b ), health impacts that could

result from recreational use by members of the

public are analyzed in this EIS . In addition ,

DOE has specified that future use scenarios of

SRS land should include a full range of worker

activities (PRC 1996). Therefore, this EIS in

cludes potential impacts associated with these

The current land use scenario assumes that

volatilized airborne tritium based on a 42-inch

(1-meter)-per-year evaporation rate (del Carmen

and Paller 1993a)would be transported offthe

SRS and become available for inhalation and

ingestion by the offsite population living within
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Figure 4-23. Public exposure pathways .
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Figure 4-24. Worker exposure pathways.

50 miles (80 kilometers ) of the Site . In addi

tion , the future use scenario evaluates inhalation

and absorption pathways resulting from recrea

tional use of L -Lake (Figure 4-23) for other

TE constituents of concern listed in Table 4-15 .

Radiological Impacts

1996b) and for the maximally exposed individ

ualwithin this group. For this assessment,DOE

assumed that the population would remain con

stant over the 70 -year period ofanalysis. This

assumption is justified because (1 ) currentesti

mates indicate that the population will increase

by less than 15 percent during this period (DOE

1995c), (2 ) there are uncertainties in the deter

mination of year-to -year population distribu

tions, and ( 3 ) although the absolute impacts

would increase proportionately with population

growth, the relative impact comparison between

alternatives would not be affected.

Estimates of health effects associated with the

No-Action Alternative on the public require the

calculation of radiological doses to individuals

and population groups. Estimates of latent can

cer fatalities are calculated using the conversion

factor of 0.0005 latent cancer fatality per rem

for the general population (DOE 1995c). This

factor is slightly higher than that for workers

because infants and children are part of the gen

eral population .

The MEPAS code converts airborne radiologi

cal releases to doses. This code calculates the

dose to a hypothetical maximally exposed indi

vidual at the SRS boundary (located in the

southern compass sector for releases from

L -Lake) and the collective dose to the popula

tion within a 50 -mile (80 -kilometer) radius.

The current land use scenario under the No

Effects are estimated for the population group

consisting ofthe 672,122 people living within

50 miles (80 kilometers) of SRS (Simpkins
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Action Alternative evaluates only the tritium

volatilization and atmospheric pathways. The

future use scenario , in addition to atmospheric

pathways, includes pathways resulting from rec

reational use of L -Lake (Figure 4-23), which

includes incidental ingestion of shoreline sedi

ments and surface water, dermal contactwith

shoreline sedimentand surfacewater , external

direct exposure from shoreline sediments and

surfacewater, and consumption of fish taken

from the lake.

dying of cancer is 0.234, or approximately 1 in

4. In a population of672,122 people (thenum

ber of people living within 50 miles

(80 kilometers) ofSRS), the numberof people

likely to die ofcancer would be 157,000 .

Similarly, the annual risk offatal cancer in the

general population can be estimated (assuming a

70-year life expectancy) to be 3.3 x 10-3 per

year. Thus, the incidence of radiation- induced

fatal cancers associated with the No-Action Al

ternative ( see Table 4-17) would bemuch

smaller than the incidence of cancers from all

TC

causes.
Table 4-17 lists the calculated atmospheric

doses. For the current land use scenario , the

annual doses (0.00015millirem to the offsite

maximally exposed individual and

0.0014 person-rem to the offsite population )

would be small fractions of the dose from total

SRS airborne releases in 1995 [0.06 millirem to

the offsite maximally exposed individual and

3.5 person -rem to the population within

50 miles (80 kilometers) of SRS (Arnett,Ma

matey,and Spitzer 1996 )]. These doses from

1995 operations were wellwithin the EPA re

quirements (40 CFR 161; DOE Order 5400.5 ),

which restrict the annual dose limit to the offsite

maximally exposed individual of 10 millirem

from all airborne releases.

For the future land use scenario , the calculated

annual dose and resulting cancer risk

(0.38 millirem to themaximally exposed indi

vidual and a 1.9 x 10-7 risk of latent fatal can

cer) would be higher than for the currentland

use scenario becausemembers of the public

would be able to comeinto direct contact with

the contaminated surface water of L -Lake.

However, this risk would be a small fraction of

the natural incidence of cancer from all causes.

NonradiologicalImpacts

Using the fatal-cancer-per-rem dose factor pro

vided above, DOE calculated the probability of

the maximally exposed individual developing a

fatal cancer and the numbers of fatal cancers

that could occur in the regional population for

the current land use scenario under the No

Action Alternative (Table 4-17). The probabil

ity of themaximally exposed individual dying

of cancer as a result of 70 years ofexposure to

radiation under the No -Action Alternative is

1.3 x 10-9 or slightly more than 1 in a billion.

Radiological doses and resulting health effects

(number of fatal cancers) thatcould occur in the

regional population of672,122 people for this

same exposure period would be 1.2 x 10-5 .

Table 4-18 lists the hazard index and cancer risk TE

associated with the No-Action Alternative for

members of the public. For the current land use

scenario , hazard indexes are not calculated be

cause the analysis assumes no releases of non

radiological constituents from L -Lake.

However, the hazard index and cancer risk are

calculated for the future land use scenario ,

which assumes thatmembers of the public

would use L -Lake for recreational activities .

Under this scenario, exposure pathways would

include incidental ingestion of shoreline sedi

ments and surfacewater, dermal contact with

shoreline sedimentand surface water , and con

sumption of fish taken from the lake.

TE

About 23.4 percent of deathsin theU.S. popu

lation are attributable to cancer from all causes;

accordingly, the probability ofan individual

As listed in Table 4-18 , the calculated hazard

index (6.2 x 10-2) for the maximally exposed

individual under the future land use scenario

would be less than one.TC
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Table 4-18. Nonradiological hazard index associated with the No-Action Alternative formembers of the

public.a

Annual (lifetime)b

Receptor latent cancer riskc Hazard index

Offsite maximally exposed individual 3.1 x 10-7 6.2 x 10-2

(Future use )d
(2.1 x 10-5 )

a . See Table C - 3 in Appendix C.

b. Based on 70 years of exposure.

C. Resulting from exposure to beryllium in surface water.

d . Assumes future recreational use of L -Lake.

The lifetimerisk of fatal cancer due to exposure

to beryllium in the surfacewater of L -Lake is

2.1 x 10-5 . This is a small fraction of thenor

mal incidence of fatal cancers (0.234) in the ex

posed population from all causes.

except the worker would spend 2,000 hours per

year (8 hours per day for 250 days a year) in the

vicinity of L -Lake. The future worker is as

sumed to have a 25-year career exposure period.

Occupational Health

Radiological Impacts

Estimated doses and the resulting impacts to in

volved workers are based on a review of expo

sures resulting from the No-Action Alternative.

For the current land use scenario , the involved

worker is assumed to be a researcher who

spends 6 hours per week (Hamm 1996) ,

15 weeks per year in the vicinity of L -Lake.

The current worker is assumed to have a 5 -year

career exposure period (Hamm 1996 ). During

the time spent around L -Lake, the worker's

arms and hands are in contactwith shoreline

sediments. Other exposure pathways evaluated

include incidental ingestion ofshoreline sedi

ments and direct radiation exposure to sedi

ments (Figure 4-24). To evaluate shoreline

sediment exposure pathways, the MEPAS com

puter code calculated the concentration of radi

onuclides in L -Lake shoreline sediments based

on ambientwater concentrations of the radio

nuclides ( Table 4-15). Thismethod will esti

mate the incremental impacts (above baseline)

resulting from exposure to shoreline sediments

that are exposed while L -Lake ismaintained at

full pool under the No-Action Alternative. The

future land use scenario assumes the same expo

sure pathways as the current land use scenario ,

An evaluation (Appendix C ) determined the hy

potheticalmaximally exposed uninvolved

worker is in L -Area (approximately 2 miles

(3.2 kilometers) from the release point (center

of L -Lake)]. This individual is as med to be

exposed for 40 hours a week. Population doses

were calculated for the uninvolved workers in

this area based on a population of 251workers

(Simpkins 1996c). Doses were estimated for the

inhalation , ground contamination , and plume

immersion exposure pathways. Table 4-19 lists

incremental worker doses (the increase in dose

due to activities under the No-Action Alterna

tive). DOE regulations ( 10 CFR 835) require

that annual doses to individualworkers not ex

ceed 5 rem per year. DOE requires that expo

sure to themaximally exposed involved worker

at the SRS does not exceed 0.7 rem per year

administratively (WSRC 1995d).

From these radiological doses, estimates of la

tent cancer fatalitieswere calculated using the

conversion factor for workers of 0.0004 latent

cancer fatality per rem (ICRP 1991). Based on

this factor, the probability that the average in

volved worker would develop a fatal cancer

sometimeduringhis lifetime as the result of a

single year's exposure to radiation under the

No-Action Alternative and current land use sce

nario would be 2.0 x 10-11. For the total in

volved workforce, the collective radiation dose
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Table 4-19 . Worker radiological doses associated with theNo-Action Alternative and resulting health

effects a

AllworkersIndividual

Probability of

Dose (rem ) fatal cancer

Number of fatalDose

(person -rem )
cancers

5.0 * 10-8

2.2 x 10-7

2.0 × 10-11

8.7 x 10-11

3.5 x 10-60

1.5 x 10-5

1.4 x 10-9

6.1 x 10-9

Receptor(s)

Involved workerb (currentuse )

Annualc

Lifetimee

Involved worker (future use)b

Annualc

Lifetimee

Uninvolved workerf

Annualc

Lifetimee

1.1 x 10-6

1.5 x 10-5

4.4 x 10-10

5.9 10-9

7.7 x 10-5

1.0 x 10-3

3.1 x 10-8

4.1 x 10-7

2.0 x 10-8

2.6 x 10-7

7.8 x 10-12

1.1 x 10-10

4.9 x 10-6

6.6 x 10-5

2.0 x 10-9

2.6 x 10-8

a .

c .

See Tables C -4 , C -5 , and C -6 in Appendix C.

b . The estimated number of involved workers would be 70.

Annual individualworkerdoses can be compared to the regulatory dose limit of5 rem ( 10 CFR 835) and the

SRS administrative exposure guideline of 0.7 rem . Operational procedures ensure that thedose to themaxi

mally exposed workerwill remain as farbelow the regulatory dose limit as is reasonably achievable. Based on

a total of 13,651monitored workers (Kvartek 1996 ), the 1995 average dose for Siteworkerswho received a

measurable dose was 0.019 rem (See Table 4-16 ) .

d. Total for all involved workers; 1995 SRS total for all workerswas 256 person -rem (see Table 4-16).

Based on 5 years of exposure for currentworkers and 25 years of exposure for future and uninvolved workers.

Doses are corrected for radioactive decay.

f. L -Area. Totaluninvolved workers estimated to be 251 (Source: Simpkins ( 1996c)].

e .

could produce up to 1.4 x 10-9 additional fatal

cancer as the result of a single year's exposure ;

over a 5 -year career, the involved workers could

have 6.1 x 10-9 additional fatal cancer as a re

sult ofexposure .

sult of the estimated exposure would be

7.8 x 10-12. For the total uninvolved workforce,

the collective radiation dose could produce up to

an additional 2.0 x 10-9 fatal cancer as the result

of a single year's exposure; over a 25-year ca

reer, the uninvolved worker could have an addi

tional 1.1 x 10-10 risk of developing a fatal

cancer and 2.6 x 10-8 additional fatalcancer in

the workforce.

Under the future land use scenario , the prob

ability that the average involved worker would

develop a fatal cancer sometimeduring his life

timeas the result of a single year's exposure to

radiation under theNo-Action Alternative

would be 4.4 x 10-10. For the total involved

workforce, the collective radiation dose could

produce up to 3.1 x 10-8 additional fatal cancer

as the result of a single year's exposure ; over a

25-year career, the involved workers could have

4.1 x 10-7 additional fatal cancer as a result of

The calculated numbers of fatalcancers due to

worker exposure to radiation can be compared

to the number of fatal cancers that would nor

mally be likely among the workers during their

lifetimes. Population statistics indicatethat,of

the U.S.population that died in 1994,23.4 per

cent died of cancer (CDC 1996 ). If this per

centage ofdeaths from cancer remains constant,

23.4 percentof the U.S. population will develop

a fatal cancer during their lifetime. Therefore,

exposure.

The annual probability of an individual unin

volved worker developing a fatal cancer as a re

4-82



DOE/EIS-0268

4.1.8.2.2 Shut Down and Deactivatein the group of 70 involved workers, about 16

normally would be likely to die ofcancer.

The probability of developing a radiation

induced fatal cancer associated with theNo

Action Alternative would bemuch less than the

probability of developing a fatal cancer from

other causes. The impacts from the alternatives

discussed in this EIS would be a small fraction

of the incidence of fatal cancer from all causes .

This alternative assumes that L -Lake would re

cede to the original Steel Creek stream channel,

thereby exposing contaminated sediment. These

sediments would dry , become resuspended in

the atmosphere, and be available for inhalation

by onsite workers and the offsite population

within 50 miles (80 kilometers) of SRS. In

addition , soil erosion would be likely, which

would cause sediments to become entrained in

storm water and appear in Steel Creek and the

Savannah River. However, the recession of the

lake would remove the tritium volatilization

pathway discussed above from consideration .

The following sections describe the specific

pathways evaluated for each receptor.

Nonradiological Impacts

Public Health

Radiological Impacts

DOE calculated nonradiological health impacts

(hazard index and cancer risk ) for the current

and future land use involved worker. The expo

sure pathways and exposure times would be the

sameas those discussed previously. The hazard

index for the uninvolved worker was not calcu

lated because under the No-Action Alternative,

chemical constituents are not assumed to be re

leased to the atmosphere; therefore atmospheric

exposure pathwayswould notexist for this in

dividual. Table 4-20 lists the results; the calcu

lated hazard index for the maximally exposed

involvedworker under the current and future

land use scenarios would be a small fraction of

1. Therefore, these individuals would be not be

likely to experience adverse health effects.

To estimate the health effects associated with

the ShutDown and Deactivate Alternative on

the public, radiological doses were calculated

only to themaximally exposed individual and

population groups for the current land-use sce

nario only . Because L -Lake would recede to the

original stream channel, the future recreational

land use scenario would not exist.

Table 4-20. Worker nonradiological hazard indexes and cancer risks associated with the No-Action

Alternative.a

Annual (lifetime)b

Receptor(s)
latent cancer risk Hazard index

Involved worker (current use ) 9.1 x 10-9 2.1 x 10-4

(4.5 x 10-8 )

Involved worker (future use) 1.3 x 10-8 4.8 x 10-5

(3.1 x 10-7)

Uninvolved worker
NCS

NC

a. See Tables C -7 and C -8 in Appendix C.

b. Based on 5 years of exposure for currentworker and 25 years ofexposure for future and uninvolved workers.

C. L -Area .

d. NC = not calculated; nonradiologicalconstituents are not released underthe No-Action Alternative.
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population (Arnett, Mamatey, and Spitzer

1996 ) ].

For the ShutDown and Deactivate Alternative,

in addition to the672,122 people living within

50 miles (80 kilometers) of SRS who would be

exposed through the atmospheric pathways,

doses from aqueousreleases were calculated for

the 65,000 people (Arnett,Mamatey , and

Spitzer 1996) who use the Savannah River for

drinking water (Port Wentworth ,Georgia, and

Beaufort and Jasper Counties, South Carolina)

and whowould be exposed to releases to the

River. As discussed previously for atmospheric

releases from L -Lake,the maximally exposed

individualwould be at theSite boundary in the

southernmost compass sector. However, for

aqueous releases, this individual is assumed to

drink untreated water from the River at a loca

tion just south of the SRS boundary and, con

servatively, to be the samemaximally exposed

individual from atmospheric releases.

Table 4-21 also lists the annual and lifetime

probability of the maximally exposed individual

developing a fatal cancer and the numbers of

fatal cancers that could occur in the regional

population under the Shut Down and Deactivate

Alternative. The probability of the maximally

exposed individualdying of cancer as a result of

70 years of exposure to radiation is 9.7 x 10-9;

the number of additional fatal cancers in the re

gional population for this sameexposure period

would be 1.0 x 10-5 .

Nonradiological Impacts

Table 4-22 lists the hazard indexes associated

with the Shut Down and Deactivate Alternative.

Hazard quotients were calculated for atmos

pheric and aqueous exposure pathways for the

current land use scenario .

Aswith atmospheric pathways, the MEPAS

code calculated doses and impacts from water

borne releases. This code calculated the dose to

a hypotheticalmaximally exposed individual

along the Savannah River just downstream of

SRS, and to the population using the River from

SRS to the Atlantic Ocean . Fish ingestion,wa

ter ingestion , shoreline sediment ingestion , and

recreational exposure pathways were included

in the calculation for themaximally exposed

individual. Downstream population doses were

calculated from the ingestion ofwater from the

Savannah River.

As listed in Table 4-22, the calculated total haz

ard index for themaximally exposed individual

is a small fraction of one. Therefore, this indi

vidual would not be likely to experience adverse

health effects . In addition , the lifetimecancer

risk to the maximally exposed individualwould

be 5.6 x 10-7 .

Occupational Health

RadiologicalImpacts

As for the atmospheric assessments, the popula

tion was assumed to remain constant over the

70-year period of analysis.

Table 4-21 lists calculated doses resulting from

releases to air and water under the Shut Down

and Deactivate Alternative. The annual doses

(4.2 x 10-4 millirem to the offsite maximally

exposed individual and 4.6 x 10-4 person-rem to

the offsite population ) would be small fractions

of the doses from total SRS releases to water in

1995 (0.20 millirem to the maximally exposed

member of the public and 5.1 person -rem to the

DOE estimated doses to involved and unin

volved workers for the Shut Down and Deacti

vate Alternative using the exposure assumptions

discussed above with the additional pathway re

sulting from inhalation ofresuspended, dried

sediments. The doses and resulting impacts

(although still very small) have increased over

theNo-Action Alternative due to the exposed

sediments .

The incremental worker doses (the increase in

dose due to activities under the No-Action Al

ternative) are listed in Table 4-23. These doses
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Table 4-22. Nonradiologicalhazard index and cancer risks associated with the Shut Down and Deacti

vate Alternative for members of the public.a

No-Action Alternative ShutDown and Deactivate Alternative

Hazard

indexb

Annual

(lifetime)

latent cancer

riskd

Atmospheric

release haz

ard index

Aqueous

release

hazard

index

Total

hazard

index

Annual

(lifetime)

latent

cancer riskeReceptor(s)

Offsite maximally

exposed individual

6.2 x 10-2 6.9 x 10-3 2.1 x 10-1 2.2 x 10-1
TC

3.1 x 10-7

(2.1 x 10-5)

8.0 x 10-9

(5.6 x 10-7)

C.

a. Supplemental information is provided in Tables C -13 and C - 14 in Appendix C.

b . Future land use scenario.

Assumes 70 years of exposure .

d . Resulting from exposure to beryllium in surface water .

Resulting from exposure to cadmium , arsenic,and beryllium in contaminated sediments.
e .

represent a small fraction of the DOE limit

(10 CFR 835) that require that annual doses to

individualworkers not exceed 5 rem per year as

well as a small fraction of the SRS administra

tive limit of 0.7 rem per year (WSRC 1995d).

worker population could have 2.1 x 10-2 addi

tional fatal cancer as a result of exposure.

TC

The probability that the average involved

worker would develop a fatal cancer sometime

during his lifetimeas the result of a single

year's exposure to radiation under the Shut

Down and Deactivate Alternative and current

land use scenario would be 9.7 x 10-8. For the

total involved workforce, the collective radia

tion dose could produce up to 6.8 x 10-6 addi

tional fatal cancer as the result of a single year's

exposure ; over the worker's 5 -year career, the

involved worker population could have

3.2 x 10-5 additional fatal cancer as a result of

exposure.

The probability of any individual uninvolved

worker developing a fatal cancer as a result of a

single year of exposure would be 5.7 x 10-10.

For the total uninvolved workforce, the collec

tive radiation dose could produce up to an addi

tional 1.4 x 10-7 fatal cancer as the result of a

single year's exposure; overthe worker's

TC 25- year career, the uninvolved workerpopula

tion could have an additional 3.5 x 10-6 addi

tional fatal cancers.

TC
Nonradiological Health

Under the future land use scenario , the prob

ability that the average involved worker would

develop a fatal cancer sometime during his life

timeas the result of a single year's exposure to

radiation would be 1.6 x 10-5 . For the total in

volved workforce , the collective radiation dose

TC could produce up to 1.1 x 10-3 additional fatal

cancer as the result of a single year's exposure;

over the worker's 25 -year career, the involved

Nonradiologicalhealth impacts (hazard index )

were calculated for the current and future land

use scenarios for the involved worker. The ex

posure pathways and exposure timeswould be

the same as those discussed previously. Ta

ble 4-24 lists the results. As listed, the calcu

lated hazard indexes for the maximally exposed

involved worker under the currentand future

land use scenarios (1.1 x 10-2 and 2.1 x 10-1,

respectively) would be a small fraction of one.

Therefore , these individuals would be not be

likely to experience adverse health effects.
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Table 4-23 . Worker radiological doses associated with the Shut Down and Deactivate Alternative and

resulting health effects.a

No-Action Alternative

Shutdown and Deactivate

Alternative

Probability or

number of fatal

Probability or

number of fatal

Receptor( s) Dose (rem ) cancers Dose (rem ) cancers

Involved worker (current use )

Annualc 5.0 × 10-8 2.0 × 10-11 2.4 x 10-4 9.7 x 10-8

Lifetimed 2.2 x 10-7 8.7 x 10-11 1.1 * 10-3 4.5 x 10-7

All involved workerse (current use )

Annualc (person -rem ) 3.5 x 10-6 1.4 x 10-9 1.7 x 10-2 6.8 x 10-6

Lifetimed (person -rem ) 1.5 x 10-5 6.1 x 10-9 7.9 ~ 10-2 3.2 x 10-5

Involved worker (future use)

Annualc 1.1 x 10-6 4.4 x 10-10 4.1 x 10-2 1.6 x 10-5

Lifetimed 1.5 x 10-5 5.9 ~ 10-9 7.5 × 10-1 3.0 * 10-4

All involved workerse (future use )

Annualc (person -rem ) 7.7 x 10-5 3.1 * 10-8 2.9 ~ 10 + 0 1.1 x 10-3

Lifetimed (person -rem ) 1.0 × 10-3 4.1 x 10-7 5.2 x 101 2.1 x 10-2

Uninvolved workerf

Annualc 2.0 x 10-8 7.8 10-12 1.5 x 10-6 5.8 * 10-10

Lifetimed 2.6 x 10-7 1.1 x 10-10 3.4 x 10-5 1.4 x 10-8

All uninvolved workers

4.9 x 10-6 2.0 x 10-9 3.7 x 10-4 1.5 x 10-7Annualc (person -rem )

Lifetimed (person -rem ) 6.6 x 10-5 2.6 x 10-8 8.6 x 10-3 3.4 x 10-6

a. Supplemental information provided in Tables C -15, C - 16 ,and C -17 in Appendix C.

b. For the offsite maximally exposed individual, probability of a latent fatal cancer; for the population ,number of

fatal cancers.

C.
Annual individualworker doses can be compared with the regulatory dose limit of 5 rem (10 CFR 835 ) and

with the SRS administrative exposure guideline of 0.7 rem . Operational procedures ensure that the dose to the

maximally exposed workerwill remain as far below the regulatory dose limit as is reasonably achievable. The

1995 average dose for all Site workers who received a measurable dose was 256 rem (See Table 4-16 ).

d. Based on 5 years ofexposure for currentworkers and 25 yearsofexposure for future and uninvolved workers.

Doses are corrected for radioactive decay .

e . The estimated number of involved workers is 70 .

f. L -Area .

g. L -Area the estimated number of all uninvolved workers is 251 (Source: Simpkins 1996c).
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Table 4-24. Worker nonradiological hazard indexes and cancer risks associated with the ShutDown and

Deactivate Alternative.a

No-Action Alternative Shutdown and Deactivate Alternative

Annual (lifetime)

latentcancer riskc

Annual (lifetime)

latent cancer riskd
Receptor(s)

Hazard index Hazard index

Involved worker

(currentuse )

9.1 x 10-9

(4.5 x 10-8)

6.6 x 10-8

(3.3 x 10-7)2.1 x 10-4 1.1 x 10-2

Involved worker

(future use )

1.3 10-8

(3.1 x 10-7)
4.8 x 10-5 2.1 x 10-1

1.2 x 10-6

(2.9 x 10-5).

1.4 x 10-9

(3.6 × 10-8)

Uninvolved workere NCE NC 1.1 x 10-4

a . See Tables C -20 and C -21 in Appendix C.

b. Based on 5 years of exposure to the currentworker and 25 years ofexposure for future and uninvolved

workers.

Due to exposure to beryllium in surface water.

d . Due to exposure to airborne cadmium , arsenic, and beryllium .

L -Area .

f. NC = not calculated; nonradiological constituents are not released under the No-Action Alternative.

c .

e .

For the uninvolved worker assumed to be in

L -Area , the calculated hazard index of

1.1 x 10-4 would be a small fraction of 1 and ,

therefore, this individualwould be not be likely

to experience adverse health effects. The prob

ability of the uninvolved worker developing a

fatal cancer due to a lifetimeof exposure would

TC be 3.6 x 10-8

cede to the original Steel Creek stream channel

in a similarmanner as that described for the

ShutDown and Deactivate Alternative. There

fore, the impacts to workers andmemberofthe

public under Shut Down and Maintain would be

the sameas the impacts under Shut Down and

Deactivate.

4.1.8.2.3 Shut Down and Maintain

For the Shut Down and Maintain Alternative,

the water level in L -Lake would be likely to re
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4.2 SRS Streams

Five major tributaries of the Savannah River

drain the SRS and eventually flow into the Sa

vannah River (Figure 4-25) . The five main

stream systemsthat originate on, or flow

through, the SRS before flowing into the Savan

nah River are Upper Three Runs, Beaver Dam

Creek , Fourmile Branch , Steel Creek, and

Lower Three Runs. A sixth stream , Pen Branch ,

joins Steel Creek in the Savannah River flood

plain swamp.

1983 ). Water temperatures higher than 104° F

(40 ° C ) exclude virtually all species of freshwa

ter fish (Coutant 1977 ) and greatly reduce spe

cies number, abundance, and production of

aquatic insects (Wiederholm 1984). In addition

to thermal stresses, these streamswere subjected

to high flows that produced erosion upstream

and sedimentation downstream , further altering

the community structure ofaquatic plants,

aquaticmacroinvertebrates, and fish. Plant and

animal communities in Lower Three Runs re

covered when DOE built Par Pond which re

ceived heated effluent from P- and R - Reactors .

Similarly, biological communities in Steel

Creek began to recover when DOE placed

L -Reactor on standby in 1968.

TC

TC

Upper Three Runs, a relatively deep , fast

flowing blackwater stream , is 24 miles

(39 kilometers) longwith a 211 square-mile

(545 square-kilometer) drainagebasin , someof

which lies outside the SRS boundary . Beaver

Dam Creek is a small, 3 -mile- (5 -kilometer-)

long stream that receives thermal effluent from

the D -Area coal- fired powerplant. Fourmile

Branch (15 miles (24 kilometers) long;

22 square-mile (57 square-kilometer ) drainage

basin ) received thermal effluent from C -Reactor

from 1955 to 1985. Pen Branch (15 miles (24

kilometers ) long; 21 square-mile (55 square

kilometer) drainage basin ) intermittently re

ceived thermal effluent from K -Reactor from

1954 to 1988. Steel Creek [9 miles

(15 kilometers) long; 35 square-mile (91 square

kilometer ) drainage basin ) intermittently re

ceived thermal effluent from P- and L -Reactors

from 1954 to 1964, and from L -Reactor only

from 1964 to 1968. Lower Three Runs is

24 miles (38 kilometers) long with a

178 square-mile (460 square -kilometer ) drain

age basin ; it received thermal effluent from R

Reactor from 1953 until 1958 , when its upper

reaches were impounded to form Par Pond.

These values represent the total area ofthe

drainage basins (Wike et al. 1994 ).

Each stream has a floodplain characterized by

bottomland hardwood forests or scrub -shrub

wetlands in varying stages of succession .

Dominant species include red maple (Acer ru

brum ), box elder (A. negundo ), bald cypress

(Taxodium distichum ), water tupelo (Nyssa aq

uatica), sweetgum (Liquidambar styraciflua),

and black willow (Salix nigra). The Savannah

River floodplain swamp covers about

12,148 acres (49 square kilometers) of the Site .

Most of the old - growth timber was cut in the

swamp in the late 1800s. Atpresent, the swamp

forest consists ofsecond-growth bald cypress,

black gum (Nyssa sylvatica ), and other hard

wood species (Workman andMcLeod 1990 ).

4.2.1 GEOLOGYAND SOILS

4.2.1.1 Affected Environment

TC

This section describes the character of the geol

ogy and soils along SRS streams. The alterna

tives for the proposed action could affect four

streams: Pen Branch , Fourmile Branch, Steel

Creek, and Lower Three Runs. Pen Branch,

Fourmile Branch , and Steel Creek would be af

fected by the elimination of river water dis

charges to these streams.

Before the creation of the two cooling reservoirs

(Par Pond in 1958; L -Lake in 1985),water tem

peratures in Steel Creek and Lower Three Runs

ranged from 158 °F ( 70° C )at the reactor outfalls

to 104 °F (40°C ) where the streamsentered the

Savannah River swamp(Bennett and McFarlane

TC
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Stratigraphy 4.2.1.2.2 ShutDown and Deactivate

The geologic units near or intersecting the SRS

streamsare as follows (Prowell 1994):

TC

Pen Branch – The Tobacco Road and Dry

Branch Formations are exposed in the

stream valley .

Fourmile Branch – The Tobacco Road and

Dry Branch Formations are exposed in the

stream valley .

Lower Three Runs – The Tobacco Road and

Dry Branch Formations are exposed in the

watersheds.

This alternative would affect the soils and geol

ogy in the streamsbecause the shut down of the

River Water System would discontinue outfall

discharges; the presence or absence of water

would alter the presence and probably the type

ofnearby soils (i.e., erosion or accretion ).

Stream conditions downstream of the dam

would not change because DOE would regulate

the flow rate from the dam as the lake recedes,

after which the stream would return to its pre

lake flow rate (estimated to average 10 cubic

(0.28 cubic meter) per second ] (del Carmen

and Paller 1993a). In the part of the watershed

currently covered by the lake, soil erosion

would initially increase along the sides of the

Steel Creek stream valley. This erosion should

decrease as vegetation reclaimsthe slopes. Al

though the area would revegetate naturally ,

DOE would encourage revegetation by seeding.

.

Steel Creek – The Tobacco Road Formation

outcrops alongmost of the lower end of

L -Lake; the Dry Branch Formation outcrops

upstream of the lake and downstream of the

dam .

Soils

The more common soilmapping units near SRS

streams are listed below and illustrated in

Figures 4-7, 4-8, and 4-9 (USDA 1990).

There would be no effects on Lower Three

Runs. The Par Pond water levelwould remain

near full pool due to groundwater discharge to

the reservoir and thereby maintaining the level

of discharge into the stream .

TE
TE

4.2.1.2.3 ShutDown and Maintain

Blanton sand, 0-6 percent slopes (BaB )

Blanton sand,6-10 percent slopes (BaC )

Pickney sand , frequently flooded (Pk)

Troup sand,0-6 percent slopes ( TrB )

Troup sand , 10-15 percent slopes ( TrD )

Troup sand, 15-25 percent slopes (TUE )

The impacts discussed above for the Shut Down

and Deactivate Alternative would apply to this

alternative.

4.2.2 SURFACE WATER

4.2.2.1 Affected Environment

4.2.1.2 Environmental Impacts

4.2.1.2.1 No Action

L10-09

The streams that received heated effluents from

the River Water System are Fourmile Branch

via Castor Creek , Pen Branch via Indian Grave

Branch, Steel Creek, and Lower Three Runs

( see Figure 4-25). Section 4.2 describes these

streamsand their watersheds.

There would be no effects from this alternative

on Pen Branch , Fourmile Branch, or Lower

Three Runs soilsor geology . The current rate of

erosion or accretion of soils by stream action in

Steel Creek below the dam would continue, and

there would be no effect on the geology related

to this watershed .

In August 1995 DOE prepared an environmental

assessment (EA ; DOE 1995a ) that addressed the

impactof reducing the flow from L -Lake to
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Steel Creek to 10 cubic feet (0.28 cubic meter)

per second, which was its historic flow level.

The EA concluded that reducing Steel Creek to

this level would recreate stream conditions that

existed before the impoundment of L -Lake.

DOE later issued a Finding ofNo Significant

Impact (DOE 1995b ).

more, none of the alternatives presented in this

EIS would increase the risk of tritium release

offsite . However, tritium is a primary sitewide

constituent ofconcern with regard to the maxi

mum exposed offsite individual and the onsite

exposed worker. Tritium concentrations in the

affected streamswere measured in September

L10-09 1996 (Fledderman 1997). Table 4-26 presents

this information and corresponding stream flows

as well as the prediction tritium concentrations

under No Action and the shutdown alternatives.

Human health and ecologicalimpacts associated

with increased tritium concentrations are dis

cussed in Section 4.2.8 and Appendix B, re

spectively .

Discharges to site streamsfrom the River Water

System during September 1996 are presented in

Table 4-25 (Melendez 1996 ). The concentration

of contaminants in affected streamswould in

crease due to removal of these discharges.

Tritium does not present amajor contribution to

risk under thealternatives in this EIS . Further

L10-09

No Action Shutdown

TE Table 4-25 . Discharges to onsite streams(cubic feetper second).

Stream
September 1996

SteelCreek (headwaters via P -13)
8.6

L -Lake (via L -07) 36.7

Lower Three Runs
0

0 0

10.7 0.9a

0 0
L10-09

0.6 0 0
Fourmile Branch (via C -004 to Castor Creek )

Pen Branch (via K - 18 to Indian Grave Branch )

Total Discharge

16.5 0.96 0.90

62.4 11.6 1.8

a . Maximum well water discharge.

b . Includes 0.45 cubic feet per second river water and 0.45 cubic feet per second maximum well water.

Shutdown

TE Table 4-26 . Total flowsand tritium concentrations in onsite streams.

Total downstream of confluence (cfs)

September No

Stream
1996 Action Shutdown

Steel Creek (aboveRoad B )
4.96 3 3

Steel Creek (below L -Lake)
44.5 10 10

SteelCreek at Road A (includes 69

34.5 34.5

Meyers Branch )L10-09

Lower Three Runs (below Par 22.3
10

Pond)

Fourmile Branch atRoad A - 12.2 19.9

19.3 19.3
Pen Branch at Road A - 13.2

34.4 18.8 18.8C

Tritium concentration (pCi/ml)

September No

1996 Action

NAS NA
NA

10.65 47.4 47.4

6.87 13.7
13.7

106

1

2.2
2.2

227 234

115

234

115
62.8

a . NA = Not available .

b . Minimum release for no action and shutdown .

c . Discharges and base flow from Indian Grave Branch is included.
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TE

Indian Grave Branch /Pen Branch
feet (0.22 cubic meter) per second from 1983

through 1991 (Table 4-27). During Water Years TE

Pen Branch follows a southwesterly path from
1994 and 1995 the discharges in Pen Branch at

its headwaters about 2 miles ( 3.2 kilometers)
Road A -13.2 (Figure 4-26) averaged 50.9 cubic

northeast of K -Area to the Savannah River
feet (1.4 cubic meters) per second and

swamp (Figure 4-25). After entering the TE 55.8 cubic feet (1.6 cubic meters ) per second re

swamp, the creek flowsparallel to the river for
spectively (Wike et al. 1994 ;USGS 1996 ).

about 5 miles (8 kilometers) before it enters and

mixes with the waters of SteelCreek about Water Temperature - During reactor operation ,

0.2 mile (0.3 kilometer) from themouth of that mean temperatures [939 to 118 ° F (33.5 ° to

stream . In its headwaters, Pen Branch is a 48.1° C ) ] (Wike et al. 1994) in thermal portions

largely undisturbed blackwater stream , similar of Pen Branch ranged from 64° to 91° F ( 18 to

to the headwater reaches of Fourmile Branch .
33° C ) above those of the upstream nonthermal

Indian Grave Branch is a tributary ofPen waters (Table 4-28 ). The temperatures at the

Branch .
thermal sites fluctuated more widely than those

of the nonthermal sites because of the reactor

Effluents Contribution – Until K -Reactor shut
cycle . The shutdown of K -Reactor in 1987 re

down in 1988, Indian Grave Branch received
sulted in a decrease in temperatures in the Pen

thermal effluent from K -Reactor. With reactor Branch System to an average of 72° F (22° C )

discharge, the natural flow of about 10 cubic (Wike et al. 1994).

feet(0.28 cubic meter) per second increased to

about 400 cubic feet (11.3 cubic meters) per Dissolved Oxygen - Dissolved oxygen concen

second. At present, Indian Grave Branch re trations in natural waters are inversely related to

ceives nonthermal effluents (i.e., nonprocess water temperature, as reflected in the data ob

cooling water, ash basin effluent waters, power tained during the 1987 Comprehensive Cooling

house waste water, and sanitary waste water) Water Study. The mean dissolved oxygen con

from K - Area and sanitary effluent from the centrations in the thermalwaters weremuch

Central Shops Area (Wike etal. 1994). lower (5.3 to 7.5 milligrams per liter or 87 to

90 percent saturation) than those at the

Flow - From July through September 1996 , the nonthermal site . The mean dissolved oxygen

average discharge from the K -11 (K -Reactor) concentration was 8.12 milligrams per liter at

outfall to Indian Grave Branch was 16.6 cubic
the Pen Branch nonthermal site (Table 4-29;

feet (0.47 cubicmeter ) per second (Melendez Wike et al. 1994). Because there has been no

1996 ). Stream discharge in Indian Grave thermal input to the Pen Branch system for

Branch upstream from the discharge canal aver 5 years , themean dissolved oxygen concentra

aged 1.35 cubic feet (0.04 cubic meter ) per sec tion of 8.5 milligramsper liter at Road A -17 is

ond during Water Year 1994 (Wike et al. 1994 ). now similar to the concentrations measured at

Flow in Pen Branch upstream of the confluence the nonthermal site during the Comprehensive

with Indian Grave Branch averaged 7.7 cubic Cooling Water Study (Wike et al. 1994).

Table 4-27. Flow summary for Pen Branch (cubic feet per second ).a,b | TE

Range

7 -day low

Station name Period of record Mean Low High 7010 flow

Road B 1983-1991 7.7 0.2 372 0.36 0.22

Road A - 13.2 1976-1991 2730 20 7600 25.4

Source: Wike etal. (1994).

b . To convert cubic feet to cubic meters,multiply by 0.028317 .

C. High flowsare the flows of reactor cooling water discharge.

TE

TE

22

a .

4-93



DOE/EIS-0268

NORTH
Cre

ct

Ru
ns

Tink
er

Thre
t

Brunch

PAR

POND

Br
an
ch

Pen Branch

Three
K -Area

02

01
Georgia Indian Grave

Branch

Br
un
ch

03

04

SAVANNAH

RIVER

Creet

Pen Branch
South

Carolina

K -Area

02

Indian Grave O 01

Legend:

Map No.

01

02

03

04

Station Name

Road B

Downstrea
m

of K effluent

Road A - 13.2

Road A - 17

03

2

Scale in Miles

040
3

4 MILES
2

1

of KILOMETE
RS

3 541 2

Source: Wike et al. (1994 ). PK64-
2PC

Figure 4-26. Flow measurement sampling stations for Pen Branch .

4-94



DOE/EIS -0268

TE
Table 4-28. Pen Branch field data (CCWS).a,b

Water

temperature

Location (°C )

Stream maximum

depth

(cm )

Stream velocity

(cm /sec )pH

01 Pen Branch at Road B

Mean 15.2 6.93 75 48

1.4-24.0 5.10-9.00 40-164 9-140Range

Samples 46 46 28 40

02 Indian Grave Branch downstream of K -Reactor effluent

Mean 48.1 7.42 100 183

7.6-68.0 5.90-8.70 31-143 45-260Range

Samples 46 46 34

03 Pen Branch atRoad A - 13.2

Mean 42.6 7.42 119 124

Range 7.1-60.0 5.60-8.59 91-127 7-180

Samples 45 44 28 39

04 Pen Branch at Road A - 17

Mean
33.5 8.11 29 15

7.90-46.3 5.70-9.25 23-41 -15-140Range

Samples 46 45 21 39

a . Source: Wike etal. (1994 ).

b . CCWS = Comprehensive Cooling Water Study.

To convert centimeters to inches,multiply by 0.3937.
C.

Castor Creek /Fourmile Branch

Fourmile Branch receives effluents from F., H-,

and C -Areas (Figure 4-27). Before DOE placed

C -Reactor in standby in 1985, heated Savannah

Riverwater discharged from C -Reactor to

Fourmile Branch via Castor Creek (Wike et al.

1994 ).

monitoring station A -7 (see Figure 4-27), the

Fourmile Branch discharge averaged 14.7 cubic

feet (0.42 cubicmeter) per second in Water

Year 1994 (Wike et al. 1994) and 21.3 cubic

feet (0.6 cubic meter) per second in Water Year

1995 (USGS 1996 ). Similar flowshave been

observed in past years, the average discharge at

Road A - 7 for 1972 to 1991 was 17.8 cubic feet

(0.50 cubic meter) per second (Table 4-30).
TE

Flow – At present, C -Area receives only a small

amountof river water, from valve leakage that

ultimately discharges to Fourmile Branch

(Gladden 1996b ). During Water Year 1996 , this

discharge (at C - 003) averaged 0.59 cubic foot

(0.017 cubic meter ) per second (Melendez

1996). Upstream from the confluence ofthe

C -Area discharge with Fourmile Branch at

Temperature – Since the shutdown of

C -Reactor, temperatures in Fourmile Branch at

Road A ranged from 43° to 88 ° F (6.2 ° to 31°C )

and averaged 65°F (18.5° C ). The wide tempera

ture fluctuations reflect seasonal differences.

Temperatures upstream , atRoad A - 7, reflect a

similar range [43° to 79° F (6.4 ° to 26 ° C ) ] and
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TE | Table 4-29. Pen Branch physical characteristics and general chemistry (CCWS).a,b

Specific

Dissolved oxygen conductance Turbidity

Location ( mg/l) (umhos/cm ) (NTU )

Total suspended

solids

( mg/l)

01 Pen Branch atRoad B

10.6 9.63

3.10-52.2 0.25-72.4

43 45

Mean 8.12 45.6

Range 5.80-12.3 28.2-75.0

Samples 46 38

02 Indian Grave Branch downstream of K -Reactor effluent

Mean 5.32 74.6

Range 2.70-11.5 50.7-90.1

Samples 45 36

21.4 10.0

7.30-61.5 0.25-43.2

43 45

04 Pen Branch at Road A - 17

Mean
4.637.53

5.50-12.3

71.9

47.7-98.3

38

Range

Samples

14.6

3.8-57.4 0.25-36.7

45
43 45

a . Source: Wike et al. (1994) .

b . CCWS = Comprehensive Cooling Water Study.

To convert centimeters to inches,multiply by 0.3937.C.

TE an average of63°F (17 ° C ) ( see Table 4-31;

Wike et al. 1994).

treatment facility combined with river water

overflow from the P -Area 186 -Basin (Wike et

al. 1994 ). Since DOE diverted P -Area flow

from Par Pond to Steel Creek , this discharge

(March through September 1996 ) has averaged

8.6 cubic feet (0.24 cubic meter) per

(Melendez 1996 ).

Dissolved Oxygen - From 1987 to 1991, dis

solved oxygen concentrations in Fourmile

Branch at Road A - 7 ranged from 5.0 to

TE 12.0 milligrams per liter (Table 4-32). Concen

trations of dissolved oxygen are directly related

to water temperature and the wide ranges listed

are the result of seasonal temperature fluctua

tions (Wike et al. 1994 ).

second

Steel Creek

The headwaters of Steel Creek originate near

P-Reactor (Figure 4-25). Flow from the outfall

of the L -Lake Dam travels about 3 miles

(5 kilometers) through the Steel Creek corridor

before entering the Savannah River Swamp and

then another 2 miles (3.2 kilometers) before

entering the Savannah River. At present, the

headwaters of Steel Creek (at P -Area) receive

treated effluent from the P - Area sanitary water

DOE began an extensive water quality monitor

ing study, the L -Lake/Steel Creek Biological

Monitoring Program , after the construction of

L - Lake. This study assessed various compo

nents of the Steel Creek system and identified

changes due to the operation of L-Reactor or

discharges from L -Lake. DOE placed sampling

stations throughout the Steel Creek corridor,

marsh , swamp, and channel (Figure 4-28).

TE| Table 4-33 lists the range of values for 34 water

quality parameters for Steel Creek from

November 1985 to December 1991 (Wikeetal.

1994). In addition , sampling at Road A is part

ofroutine SRSmonitori
ng.
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TE Table 4-30. Flow summary for Fourmile Branch (cubic feet per second).a,b

Range

7 -day low

flowStation Period of record Mean Low High 7010

4.9Road A - 7 1972-1991 17.8 2.7 830 3.2

Road A - 12.2 1976-1991 208 6.7 1200 11.1 7.6

a . Source: Wike et al. (1994).

b . To convert cubic feet to cubic meters,multiply by 0.028317.

Stream maximum

depth (cm )b

Stream velocity

( cm /sec)pH

48

19-1995.10-8.10

73

7-250

4133

(d )

5.4-8.1 NAe NA

TE Table 4-31. Fourmile Branch field data.a

Sampling Water

location
temperature (° C )

01 Fourmile Branch atRoad E - 1
(CCWS)

Mean 16.8

Range 1.3-28.5

Samples
46

02 Fourmile Branch at Road A - 7
(1987-1991)

Mean
17

Range 6.4-26

Samples 60

03 Fourmile Branch at Road 3
(CCWS)

Mean
16.9

Range
0.1-27.0

Samples 46

04 Fourmile Branch at Road A
(1987-1991)

Mean
18.5

Range
6.2-31

Samples 60

05 Fourmile Branch at Road A -12.2 (CCWS)

Mean

39.4

Range
9.6-52.0

Samples
46

9

5.30-8.30

147

121-193

36

1-45

37

3.1-8.5

NA
NA

5.90-9.05 NA

73

14-100

41

a . Source: Wike et al. (1994).

b . To convert centimeters to inches,multiply by 0.3937.

CCWS = Comprehensive Cooling Water Study.

d . Blank spaces = Mean not calculated due to insufficient data in report.

NA = Not analyzed .

C.

e .
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TE
Table 4-32. Fourmile Branch physical characteristics and general chemistry a

Specific

Dissolved oxygen conductance Turbidity

Location
( mg/l) (umhos/cm ) (NTU )

01Fourmile Branch atRoad E - 1 (CCWS) b

Mean 6.79 24.3 10.1

Total

suspended

solids (mg/l)

13.8

2.30-11.6 12.5-40.7 1.3-60 0.25-270Range

Samples 46 38 43 45

02 Fourmile Branch atRoad A - 7
(1987-1991)

Mean 8.4 56.5 8.2 5.1

5.0-12 0.15-112 1.0-42 0.0-27
Range

Samples

03 Fourmile Branch atRoad 3

60 60 60 60

(CCWS)

Mean 7.81 70.0 20.8 7.82

5.20-12.40 31.5-96.9 0.3-394.0 0.25-152.10Range

Samples 46 38 43 44

04 Fourmile Branch at Road A
(1987-1991)

7.9Mean 44.3 5.2 3.1

6.5-12 11-103 1.0-23 1.0-47Range

Samples 60 60 60 60

05 Fourmile Branch at Road A - 12.2 (CCWS)

5.99Mean 87.0 18.5 9.31

3.50-11.8 59.3-108.2 4.3-118.0 0.25-109.70Range

Samples 46 45 43 45

a . Source: Wike et al. (1994).

b. CCWS = Comprehensive Cooling Water Study.

that reducing the Steel Creek flowswould result

in the reestablishment of stream conditions that

existed before the creation ofSRS.

Flow - During Water Year 1996 , themean flow

atRoad A was 59.2 cubic feet ( 1.7 cubic me

ters) per second (Melendez 1996 ). Themean

flow for 1985 to 1991was 185 cubic feet

(5.2 cubic meters) per second (Table 4-34). The

mean flow at the L -Lake outfall for Water Year

1996 was 41.5 cubic feet ( 1.2 cubic meters) per

second (Melendez 1996 ).

TE

Steel Creek flowsbelow the L -Lake dam have

averaged 41.5 cubic feet ( 1.17 cubic meters ) per

second (Water Year 1996 ) during a period when

one riverwater pump operated continuously,

pumping approximately 28,000 gallons permi

nute (1.8 cubic meters per second) to the reactor

areas (Melendez 1996 ). The surplus water from

the reactor areas (overflow from 186 -Basins)

discharged to L -Lake , alongwith flows from

Aspreviously discussed in this section , DOE

prepared an EA in 1995 (DOE 1995a) that ad

dressed the impact of reducing the flow from

L -Lake to Steel Creek to 10 cubic feet (0.28

cubic meter)persecond. The EA concluded
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TE
Table 4-33. Water quality data (range of values) for Steel Creek (November 1985 -December 1991).a

Steel Creek (1985-1986 ) Steel Creek (1987-1991)

Parameter Corridor Swamp/Delta Corridor Swamp/Delta

Temperature (°C ) 10.9-29.9 7.6-27.7 6.6-29.3 1.3-28.9

Dissolved oxygen (mg/l) 4.9-11.1 0.6-11.4 4.7-13.0 1.9-12.5

PH 5.4-6.2 4.8-7.3 5.3-8.5 5.0-7.7

Conductance (uS /cm ) 41-97 22-135 18-126 23-114

Totaldissolved solids (mg/l) 29-74 7-84 27-83 23-91

Total suspended solids (mg/l) < 1-204 4-40 1-59 < 1-148

Total organic carbon (mg/l) 4-12 3-13 1-8 1-19

Dissolved organic carbon (mg/l)
4-9 3-12 2-10 1-17

Total inorganic carbon (mg/l) 2-8 1-13 2-6 2-10

Alkalinity (mg/l) 6.4-23.7 1.8-50.0 9-23 7-37

Ortho-phosphate (mg/l)
<5-87 <5-51 < 5-136 5-67

Total phosphate (mg/l) 18-343 8-154 19-180 19-494

Nitrite (mg/l) 1-20 < 1-5 < 1-82 1-13

Nitrate (mg/l) < 10-402 < 10-582 < 10-611 < 10-366

Ammonia (mg/l) 11-764 < 10-190 < 10-1,080 < 10-157

Total inorganic nitrogen (mg/l) 27-808 21-664 17-1,119 < 10-407

Silica (mg/l) 3.2-10.7 1.2-13.3 0.8-9.7 0.6-19.1

Total aluminum (mg/l) < 100-991 < 100-1,210 < 100-1,216 < 100-449

Dissolved aluminum (mg/l) < 100-905 < 100-1,270 < 100-202 < 100-240

Total calcium (mg/l) 2.6-4.4 2.7-11.5 311-4.8 2.6-7.8

Dissolved calcium (mg/l) 2.8-5.8 2.4-11.1 1.1-4.8 1.9-7.8

Total iron (mg/l) 0.1-3.8 0.3-7.4 0.1-1.2 0.2-4.3

Dissolved iron (mg/l) <0.1-3.2 0.1-0.7 < 0.1-1.1 < 0.1-2.7

Totalmagnesium (mg/l) 0.74-1.94 0.64-2.66 0.77-1.40 0.78-1.87

Dissolved magnesium (mg/l) 0.70-2.01 0.62-2.59 0.87-1.46 0.84-1.83

Totalmanganese (mg/l) <20-563 <20-3,590 < 20-310 <20-4,173

Dissolved manganese (mg/l) <20-466 <20-3,590 < 20-311 < 20-4,067

Total potassium (mg/l) 1.06-1.98 0.45-4.12 0.87-1.92 0.79-4.28

Dissolved potassium (mg/l) 1.00-1.94 0.38-3.35 0.24-1.96 0.54-4.45

Totalsodium (mg/l) 4.0-13.1 6.0-14.6 4.1-13.5 5.1-13.1

Dissolved sodium (mg/l) 3.7-12.1 6.0-14.8 6.9-13.6 5.4-13.3

7-8 6-10 4.0-11 3-12

Hydrogen sulfide (mg/l) < 0.1 < 0.1 < 0.1 <0.1

3-11 1-12 1-9 1-12

Chloride (mg/l)

Sulfate (mg/l)

a .
Source: Wike et al. (1994).
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TE Table 4-34. Flow summary for Steel Creek (cubic feet per second).a,b

Range

7-day low

Station Period of record Mean Low flowHigh

500

7010

12.9Road A at SRS 1985-1991 185 7.7 11.6

a . Source: Wike et al. (1994).

b . To convert cubic feet to cubic meters,multiply by 0.028317.

P - Area and natural inflows from the Steel Creek

watershed.

sonal fluctuations occur because the solubility

of oxygen in fresh water is inversely propor

tional to the temperature.

Temperature - Since the construction of

L -Lake, SteelCreek water temperaturesmeas

ured at the Road A monitoring station have been

similar to preconstruction conditions, ranging

from 450 to 86 ° F (7.1 ° to 30 ° C ), with expected

seasonal fluctuations, and an average of 66 ° F

( 19 ° C ). Similar temperatures occurred through

out the Steel Creek corridor (Wike et al. 1994 ).

Themean temperature at the L -Lake outfall

during 1992 was 66 ° F (19° C ), theminimum was

49° F (9 ° C ), and themaximum was 84° F (29 ° C )

(Wike et al. 1994). These readings were similar

to values recorded in previous years (1990 and

1991).

Total Suspended Solids and Turbidity - Mean

total suspended solids (TSS) and turbidity levels

in Steel Creek atRoad A were 5.3 milligrams

per liter and 3.7 NTU , respectively, from 1987

to 1991 (Wike et al. 1994). These levels were

within the rangesmeasured before the construc

tion of L -Lake.

pH measurements – The pH of Steel Creek at

Road A ranged from 5.6 to 8.3 during the period

from 1987 to 1991. Before the construction of

L -Lake, pH measurements were comparable ,

ranging from 6 to 8 (Wike et al. 1994 ). The

1992 mean (6.5),minimum (5.7), and maximum

( 7.9 ) pH values at the L -Lake outfallwere

similar to the values for 1990 and 1991 (Wike

et al. 1994).

On several occasions (November and December

1985,May and September 1986, February 1987,

July 1988, and February 1989), TSS levels at

Steel Creek corridor stations between the dam

and the delta were considerably abovenormal,

TE as high as 204 milligramsper liter (Table 4-33).

These concentrationsmight have been related to

high TSS levels in L -Lake discharge waters, the

increased discharge volume from L -Lake, or

storm events that eroded the bank and increased

sedimenttransport at a particular station. Mean

TSS values did not exceed 5 milligramsper

liter

during 1992. Baseline TSS levels in Steel

Creek were similar to levels in Meyers Branch,

a tributary to Steel Creek (Wike et al. 1994 ).

liter

Dissolved Oxygen - Dissolved oxygen concen

trations at the Steel Creek Road A station from

1987 to 1991 ranged from 5 to 12 milligrams

per liter (Wike et al. 1994 ). In the Steel Creek

swamp, dissolved oxygen concentrations as low

as 0.6 milligram per literwere recorded. Dis

solved oxygen measurements for 1992 were a

minimum of 7.4 milligramsper liter , a mean of

9.5 milligram per liter,and a maximum of

12.4 milligrams per liter (Wike et al. 1994).

These readingswere similar to
measurements

from previous years (Wike et al. 1994). Sea

Major Anions and Cations - Alkalinity concen

trations in Steel Creek atRoad A ranged from 1

to 21milligramsof calcium carbonate per

from 1987 to 1991. Mean chloride and sulfate

concentrations measured from 1987 to 1991 at

Road A were 6.7 and 6.9 milligramsper liter,

respectively (Wike et al. 1994).

From 1987 to 1991 calcium concentrations at

Road A ranged from 1.9 to 3.8 milligramsper

liter and sodium concentrations ranged from 5.4

to 11.0 milligramsper liter (Wike et al. 1994).
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Magnesium concentrations ranged from 0.89 to

1.4 milligrams per liter.

the range ofvalues reported for other regional

lotic systems, and typical of southeastern waters

in general (Wike et al. 1994 ).

From 1987 to 1991 aluminum ranged from less

than 0.01 to 0.16 milligram per liter, iron ranged

from less than 0.02 to 0.26 milligram per liter,

andmanganese ranged from less than 0.01 to

0.17 milligram per liter atRoad A (Wike et al.

1994 ).

Nutrients – Total phosphorus is the only form of

phosphorusmeasured as part of the routine wa

ter quality monitoring program . From 1987 to

1991 themean totalphosphorus concentrations

in Steel Creek at Road A was 0.032 milligram

per liter, and the range was less than 0.01 to

0.36 milligram per liter (Wike et al. 1994 ).

Similar ranges occurred in the corridor and

swamp.

During parts ofthe study, downstream gradients

were observed between corridor Stations 275

and 290 (Figure 4-28) for temperature; dis

solved oxygen ; pH ; total organic and inorganic

carbon; ortho- and total phosphorus; nitrite

nitrogen , nitrate -nitrogen, and ammonia

nitrogen; total inorganic nitrogen ; silica; total

aluminum ; total and dissolved iron ; total and

dissolved sodium ; chloride; total and dissolved

magnesium ; total and dissolved potassium ; and

total and dissolved calcium . These differences

were attributed to such natural conditions as

cooling,metabolic activity of stream organisms,

or chemical reactions (Wike et al. 1994).

Organic nitrogen , ammonia , and nitrate are

measured as part ofthe routine water quality

monitoring program in Steel Creek atRoad A.

The means for these formsof nitrogen were as

follows: organic nitrogen -0.37milligram per

liter; ammonia - 0.076 milligram per liter;and

nitrate - 1.00 milligram per liter (Wike et al.

1994 ).

Pre- and postimpoundment data for 1985 to

1989 indicated that increases in temperature ,

conductivity, total phosphorus,nitrate -nitrogen,

ammonia -nitrogen, total and dissolved sodium ,

and chloride, and decreases in pH have occurred

in relation to preimpoundment conditions

documented during the Comprehensive Cooling

Water Study. These changes reflected differ

ences between releases ofwater from L -Lake

(dominated by Savannah River water) and the

natural drainage of the Steel Creek basin (Wike

et al. 1994) .

Priority Pollutants – A special study to deter

mine the levels of volatile, acid , and

base/neutral organics in Steel Creek determined

that concentrations of all 88 tested organics

were below detection limits at both the Road B

and Road A sampling locations (Wike et al.

Lower Three Runs

1994 ) .

From the Par Pond Dam , Lower Three Runs

flows about 15 miles (24 kilometers) before it

enters the Savannah River (Wike et al. 1994 ).

Pesticides, Herbicides, and PCBs – Water sam

ples are collected annually from Steel Creek at

Road A as part of the routine water quality

monitoring program and analyzed for pesticides,

herbicides,and PCBs. From 1987 to 1991 no

analytes were detected in Steel Creek (Wike et

al. 1994 ).

Water Quality - Lower Three Runs is a

nonthermal stream with water temperatures that

vary seasonally , but usually remain below 31° C

(88° F) (Wike et al. 1994). Tables 4-35 and 4-36 TE

list water quality data , and Figure 4-29 shows

the locations of sampling stations. The greatest

pH range among the Lower Three Runs sam

pling locations (5.5 to 8.8 ) occurred atRoad B

(just below the dam ). The lowest dissolved

oxygen concentration (2.4 milligramsper liter)

was also at Road B ; downstream dissolved

Steel Creek Chemical Assessment

Water quality values during the Steel Creek

Biological Monitoring Program were similar to
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Stream maximum Stream velocity

depth (cm )b (cm /sec)pH

6.94

5.50-8.80

46

41

21-89

34

4-120

3828

TE Table 4-35 . Lower Three Runs field data.a

Sampling
Water

location temperature (°C )

01 Fourmile Branch at Road B (CCWS)

Mean
19.3

Range
7.0-31.0

Samples
46

02 Lower Three Runs at Patterson Mill (CCWS)

Mean 16.2

Range 1.5-25.0

Samples
46

02 Lower Three Runs at Patterson Mill (1987-1991)

Mean

Range 7.7-29.0

Samples
60

03 Lower Three Runs at US Highway 125 (CCWS)

Mean 16.0

Range 1.5-24.7

Samples 60

7.17

5.90-8.50

46

69

48-117

30

19

4-60

39

18 (d )

5.9-7.4

60

NAe NA

7.17

6.10-8.40

46

222

195-283

19

11

2-50

39

a .

C.

Source : Wike et al. ( 1994).

b . To convert centimeters to inches,multiply by 0.3937.

CCWS = Comprehensive Cooling Water Study.

d . Blank spaces - Mean not calculated due to insufficientdata in report.

NA = Not analyzed .e .

Total suspended

solids

( mg )

4.11

0.25-28.4

44

TE | Table 4-36 . Lower Three Runs physical characteristics and general chemistry.a

Specific

Sampling
Dissolved oxygen conductance Turbidity

location
( mg/l) (umhos/cm ) (NTU )

01Lower Three Runs at Road B
(CCWS)

Mean
7.06 74.1 6.1

Range 2.40-10.2 56.9-134.8 1.2-37.0

Samples 46 38 43

02 Lower Three Runs at Patterson Mill
(CCWS)

Mean 7.51 86.3 3.5

Range 5.20-11.9 46.6-125.4 1.1-13.5

Samples 46 38 43

02 Lower Three Runs at Patterson Mill (1987-1991)

Mean
8.0 75 2.8

Range
5.8-11 13-140 0.94-38

Samples 60 60 60

03 Lower Three Runs atUS Highway 125 (CCWS)

Mean
7.30 82.5 6.3

Range
4.60-13.0 38.9-119.2 1.4-50.0

Samples
46 38 43

Source: Wike et al. (1994).

b . CCWS = Compreh
ensive Cooling Water Study.

5.40

0.25-69.2

44

4.9

1-34

60

4.43

0.25-27.2

45

a .
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Figure 4-29. Flow measurement and water chemistry sampling stations for Lower Three Runs.
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oxygen concentrationswere all greater than 4.5

milligramsper liter.

pacts ofreduced or absent river water flowsto

each of these stream systems.

4.2.2.2.2 Shut Down and Deactivate
Lower Three Runs Flow - DuringWater Year

1996 , themean flow in Lower Three Runsbe

low Par Pond was 28.0 cubic feet (0.80 cubic

meter ) per second (Melendez 1996 ). Flows

were seasonalwith the winter and spring

months (October to March) having the highest

average flows, 38.0 cubic feet ( 1.1 cubic meters)

per second. The average flow from April to

September was 17.0 cubic feet (0.5 cubic meter )

per second. Average flow atRoad B based on

the period of record ending in 1991 was

36.5 cubic feet ( 1.0 cubic meter) per second .

Table 4-37 presents flows at the nextdown

stream station , Patterson Mill, which are about a

twofold increase from those atRoad B (Wike et

al. 1994) .

DOE expects no impacts to Indian Grave

Branch /Pen Branch , Fourmile Branch, or Lower

Three Runsbeyond those described for the

No- Action Alternative (Section 4.2.2.2.1). If

L -Lake emptied , Steel Creek would receive

naturalbase flows, which would vary but are

likely to average 10 cubic feet (0.28 cubic me

ter) per second at the dam location .

TE

4.2.2.2 Environmental Impacts

4.2.2.2.1 NoAction

Under the No-Action Alternative, DOE would

continue to operate a small 5,000- gallon-per

minute (0.3 -cubic-meter-per-second) pump to

maintain L -Lake levels . Theminimum flows

from L -Lake into Steel Creek would be ap

proximately 10 cubic feet (0.28 cubic meter ) per

second . Lower Three Runswould continue to

receive 10 cubic feet per second. Under No

Action, only natural flows from the headwaters

of Steel Creek and Fourmile Branch would oc

cur. The following paragraphs discuss the im

Under this alternative, the L -Lake water level

would recede to that of the original stream , and

there would be a potential for an occasional dis

charge of sediments accumulated upstream of

the dam . Such a discharge would depend on the

amount of water impounded at the discharge

structure and the possibility for impoundment

sediment in the area of the outlet structure . De

pending on the depth of the water at the struc

ture, sediment deposited in the area could be

resuspended and transported to Steel Creek be

low the dam during high water flow periods and

storm events. The amount of sediment im

pounded in the area would depend on the effec

tiveness of revegetation and other erosion

controlmeasures implemented during lake

drawdown . The addition of suspended solids to

the stream during stormwater events is a poten

tialecological impact,as discussed in Section

4.2.5 .

TE| Table 4-37. Flow summary for Lower Three Runs (cubic feet per second).a,b

Range

Station name Period of record Mean
Low High 7010

7-day low flow

TC Patterson Mill
1974-1991 85 13 743 15.6

15.1

a . Source: Wike et al. (1994).

b . To convert cubic feet to cubic meters,multiply by 0.028371.
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4.2.2.2.3 Shut Down and Maintain 4.2.3.2.2 Shut Down and Deactivate

Water Table Aquifer
This alternative would produce the same im

pacts as the Shut Down and Deactivate Alterna

tive, but a restart of the River Water System

could increase flows to the streams.

4.2.3 GROUNDWATER

The current outfall from L -Area would be

eliminated and L -Lake levels would lower.

Because L -Lake discharges to thewater table

aquifer below the dam and into Steel Creek ,

groundwater gradients, levels, and flow rates of

the aquifer would decrease over the near term

butwould eventually return to thenaturalhy

drogeologic state. Groundwater properties

would remain stable downstream from the dam .

This section describes groundwater conditions

in the vicinity of potentially affected SRS

streams (Steel Creek, Pen Branch, Fourmile

Branch , and Lower Three Runs).

4.2.3.1 Affected Environment

Hydrogeologic Setting

Fourmile Branch and headwaters of Steel Creek

would not receive outfall discharges from the

River Water System . Thewater table aquifer at

Lower Three Runs would notbe affected be

cause its source of water is not directly related

to the River Water System .

First Confined Aquifer

Because none of the SRS streamsand their out

falls currently or directly affect the properties of

this aquifer , shutting down the River Water

System would nothave an effect.

4.2.3.2.3 Shut Down and Maintain

In general on the SRS, the water table aquifer

and the first confined aquifer recharge to the

streams that incise them . The water table aqui

fer discharges to both Steel Creek and Pen

Branch tributaries. The groundwater flow to

Steel Creek and L -Lake from the L -Area is to

ward the southeast. The groundwater flow to

Pen Branch from L -Area is to the northwest.

Although groundwater discharges to L -Lake in

its upstream portions, lake water at the L -Lake

dam recharges the water table aquifer. The net

flux of groundwater in the first confined aquifer

is believed to originate from L -Lake and the

water table aquifer (del Carmen and Paller

1993b ). Further downstream , the aquifers re

sumedischarge to the stream in a southerly di

rection . Below the Par Pond Dam , the water

table aquifer and first confined aquifer dis

charge to the Lower Three Runs stream valley.

Hydraulic properties for the aquifers are not

available for specific stream areas. Therefore,

Tables 4-1 and 4-2 list general sitewide data .

The impacts described in Section 4.2.3.2.2

would also apply to this alternative .

4.2.4 AIR RESOURCES

4.2.4.1 Affected Environment

The climate ,meteorology , and ambientair

quality for the SRS streams are equivalent to

those for the SRS, which is discussed in Section

4.1.4.1. DOE assumes that jointwind frequency

data from the L -Area tower and meteorological

and climatological data from other SRS loca

tions would beapplicable to the streams.

4.2.3.2 Environmental Impacts

4.2.3.2.1 No Action

DOE anticipates no changes in current condi

tions for the water table aquifer or the first con

fined aquifer because the lake levelwould be

maintained .
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4.2.4.2 Environmental Impacts
4.2.5 ECOLOGY

4.2.4.2.1 No Action 4.2.5.1 Affected Environment

4.2.5.1.1 TerrestrialEcologyThe continued operation of the River Water

System would have no new impacts on the exist

ing ambient air quality at the SRS. Thewater

flow in the streamsderived from pumping water

from the Savannah River does not contribute

additional air contaminants to the surrounding

environment. Vegetative regrowth would miti

gate potential exposure of dried sediment to

winds due to natural fluctuations in stream

flows.

The Environmental Assessment for the Natural

Fluctuation ofWater Level in Par Pond and Re

duced Flow in SteelCreek Below L -Lake at the

Savannah River Site (DOE 1995a) evaluated the

potential impacts to fish and wildlife of 10

cubic- foot-per-second (0.28-cubic -meter-per

second) flows in Steel Creek and Lower Three

Runs. The environmental assessmentconcluded

that impacts to downstream biotic resources

would be small. Because the assessment evalu

ated potential impacts of 10 -cubic- foot-per

second flows in these streamsto terrestrial bi

ota , this section does not discuss terrestrial

wildlife .

4.2.4.2.2 Shut Down and Deactivate

The shutdown and deactivation of the River

Water System would enable the receiving

streams to return to a natural base flow ; the

small change in stream flowswould not likely

expose an appreciable amount of sediments.

The potential for resuspension of contaminated

sediment due to exposure to windborne currents

would be minimal, and no impacts to ambient

air quality would be likely .

Wike et al. (1994) summarizes existing ecologi

cal information on themajor stream drainages

of the SRS, including Fourmile Branch and Pen

Branch Indian Grave Branch . This includes

limited information on the plant communities

and terrestrialwildlife that occur along these

streams. Because the Proposed Action would

not affect terrestrialwildlife in the Fourmile

Branch and Pen Branch areas, this section does

notinclude detailed descriptions of terrestrial

wildlife communities in these areas.

DOE does not expect the vaporization of organ

ics from dried sedimentbecause an analysis of

Steel Creek channel sediments indicates that no

organic contaminants are present at levels close

to EPA risk -based concentrations, which DOE

used as screening levels at the SRS (DOE

1996c).
4.2.5.1.2 Aquatic Ecology

Fourmile Branch
TE Asdiscussed in Section 4.1.5.2.2 , the reduction

in streamflow is not likely to result in exposed

sediments. Vegetative coverwould minimize

the resuspension of contaminated soils.

4.2.4.2.3 ShutDown and Maintain

The shutdown andmaintenance of the River

Water System would have no impacts on the

ambient air quality , as discussed in Section

4.2.4.2.2 .

The Fourmile Branch watershed includes a

number ofSRS facilities: C -Area (reactor),F

and H -Areas (separations), Defense Waste

Processing Facility , and the Solid Waste Dis

posal Facility . Before C -Reactor was placed on

standby in 1985, heated effluentwas discharged

into Fourmile Branch via Castor Creek. Flows

in Fourmile Branch approached 400 cubic feet

per second (11.3 cubic meters per second)when
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groups (e.g., chironomids and black flies) after

L -Reactor was shut down .

C -Reactor was operating. Water temperatures

exceeded 140° F (60 °C ) in Fourmile Branch

downstream of its confluence with Castor Creek

(Wike et al. 1994). In its lower reaches,

Fourmile Branch broadens and flows through a

delta created by the deposition of stream sedi

ments .

Aho et al. (1986 ) investigated the community

structure of fishes in Pen Branch , Meyers

Branch , and Steel Creek in 1984 and 1985 as

part of the Comprehensive Cooling Water

Study. Steel Creek had the highest species di

versity, with slightly lower values for Pen

Branch and Meyers Branch . Within each

stream , diversity washighest at downstream

sites.

Pen Branch and Indian Grave Branch

Pen Branch rises in the approximate center of

the SRS and flows southwest to enter the Sa

vannah River swamp. In its headwaters, Pen

Branch is a small, largely undisturbed blackwa

ter stream . Until K -Reactor was shut down in

1988, Indian Grave Branch received thermal ef

fluent from K -Reactor. With K -Reactor operat

ing, the natural flow of 10 cubic feet per second

(0.28 cubic meter per second) increased to 400

cubic feet per second (11.3 cubic meters per

second). Since 1988, the Pen Branch /Indian

Grave system has received only nonthermal ef

fluents ( i.e., cooling water from auxiliary sys

tems, ash basin runoff, sanitary waste water )

from K -Area and sanitary effluent from the

Central Shops Area (Wike et al. 1994).

Upper reaches of Pen Branch were characterized

by low species richness (11 species collected)

and diversity : six species (mud sunfish

(Acantharchus pomotis), dollar sunfish

(Lepomismarginatus), chubsucker (Erimyzon

spp.), redfin pickerel (Esox americanus), brown

bullhead (Ameiurus nebulosus), and pirate perch

(Aphredoderus sayanus)]made up more than 91

percent of all fish collected (Aho et al. 1986 ).

Lower reaches of Pen Branch contained more

species (27), a higher percentage ofwhich were

small-bodied species (e.g., yellowfin shiner

(Notropis lutipinnis),madtoms (Noturus spp.),

and darters (Percina and Etheostoma spp .)] that

are normally associated with blackwater streams

of the CoastalPlain .

Themacroinvertebrate communities ofPen

Branch were surveyed from 1983 to 1985 when

K -Reactorwas discharging heated effluent to

Pen Branch, and in 1988 and 1989 after the K

Reactor shutdown (Wike et al. 1994). Prior to

the shutdown of K -Reactor, portions of Pen

Branch directly downstream from the reactor

outfall contained few benthic macroinvertebrate

taxa, while areas further removed from the out

fall (such as the Savannah River swamp) had a

more diverse benthic macroinvertebrate com

munity . Themacroinvertebrates in thermally

impacted areaswere generally pollution-tolerant

forms(e.g., chironomids, nematodes, and oligo

chaetes)capable of surviving high temperatures

and low oxygen levels. After the shutdown of

L -Reactor,macroinvertebrate communities be

gan to recover, with densities and taxa richness

generally higher (86 taxa collected in 1988-1989

versus 51 taxa in 1984-1985). The benthos

continued to be dominated by pollution-tolerant

After K -Reactor was shutdown in April 1988,

fish rapidly recolonized Pen Branch and Indian

Grave Branch (Wike et al. 1994). Yellowfin

shiners, bluehead chubs (Nocomis leptocepha

lus), and pirate perch were the most common

species in the upper reaches of the stream .

Largemouth bass (Micropterus salmoides), lake

chubsucker (Erimyzon sucetta ), redear sunfish

(Lepomismicrolophus, and redbreast sunfish (L.

auritus) weremost abundant in themiddle

reaches. Brook silversides (Labidesthes siccu

lus), coastal shiners (Notropis petersoni), spot

ted sunfish (Lepomis punctatus), and lake

chubsuckers weremost common in the delta .

Indian Grave Branch collections were domi

nated by four species: spotted sucker

(22.2 percent of total), coastal shiner (18.5 per
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brook silverside. Bluegillapparently emigrated
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cent), lake chubsucker (14.8 percent),and red
ers Branch . Within each stream , diversity was

breast sunfish ( 14.8 percent).
highest at downstream sites.

Steel Creek Upper reaches of SteelCreek were characterized

by relatively-high species richness (29 species

Steel Creek originatesnear P -Reactor and flows collected), while downstream portions of Steel

southwest for about 2 miles (3 kilometers) be Creek were characterized by high measures of

fore entering theheadwaters of L -Lake. From species richness (43 species) and diversity (Aho

the L -Lake Dam , Steel Creek flows south ap
et al. 1986 ). Upper reaches of Steel Creek were

proximately 4 miles (6 kilometers) before enter dominated by yellowfin shiners (54 percent of

ing the Savannah River swamp, andmoves
total), bluehead chubs (14 percent), northern

another 2 miles (3 kilometers) through the hog sucker (Hypentelium nigricans) (11 per

swampbefore emptying into the Savannah cent), and redbreast sunfish ( 7 percent). Dusky

River. Steel Creek began receiving thermal ef shiners (Notropis cummingsae), spotted sunfish,

fluent from P- and L -Reactors in 1954. By pirate perch , yellowfin shiners, and tessellated

1961, the reactors were releasing a total of darters (Etheostoma olmstedi)were collected

850 cubic feet (24 cubic meters) per second of
most often in lower reaches of the stream . A

heated effluent into Steel Creek (Wike et al. number of species normally associated with

1994). In 1964, all P -Reactor effluentwas di river- swamphabitats contributed to the high di

verted to Par Pond, and in 1968 L -Reactorwas versity in lower Steel Creek .

placed on standby. From 1968 to early 1985 ,

Steel Creek recovered from the effects of SRS
Additional studies of Steel Creek fish were con

operations. The upper reaches of Steel Creek
ducted after the restart of L -Reactor in 1985

were impounded in 1985 to create L -Lake (see (Wike et al. 1994). The fish community ofthe

Section 4.1). SteelCreek corridor was directly influenced by

discharge of water from L -Lake to Steel Creek.

The abundance and distribution of benthicmac Resulting increases in current velocity, stream

roinvertebrates in the Steel Creek corridor, width , and stream depth led to the displacement

marsh/swamp, and lower channel region were of small,minnow -like species typically found in

evaluated from January 1986 through December
headwater streamson the SRS (minnows and

1991 (Wike et al. 1994). Themacroinvertebrate chubs) and the establishment of other species

communities in the SteelCreek corridor down

stream of L -Lakewere strongly influenced by

[e.g.,bluegill (Lepomismacrochirus)]normally

not found in high numbers in these small

seston inputs from L -Lake, and as a result con streams. After L -Reactor was shut down in

tained high densities of filter feeding organisms

(e.g., blackflies and net-spinning caddisflies).

1988, fish were generally less abundant in Steel

The macroinver
tebrates

of the lower reaches of

Creek as a result of a reduction in available

the stream (delta and swamp) appeared to be

habitat(Steel Creek becamenarrower and shal

less affected by releases from L -Lake. Am

lower). Sunfish and largemouth bassmade up a

phipods, oligochaetes, caddisflies, isopods, gas

larger proportion of the catch than in previous

tropods,mayflies, and chironomids were all

years.

abundant in this portion of the stream . Fish assemblages in the Steel Creek marsh and

Aho et al. ( 1986) investigated the community

swamp were less obviously affected by the re

structure of fishes in SteelCreek, Pen Branch,

start of L -Reactor in 1985 and subsequentshut

and Meyers Branch in 1984 and 1985 as part of

down of the reactor in 1988 (Wike et al. 1994).

the Comprehensive Cooling Water Study. Steel
There was an apparent increase in the abun

Creek had thehighest species diversity ,with

dance of redbreast and bluegill after the restart

slightly lower values for Pen Branch andMey
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from L -Lake to Steel Creek as larvae and ju

veniles. By 1988, a reproducing population of

bluegill had become established in the Steel

Creekmarsh /swamp. Bluegill,which weren't

collected in the Steel Creek marsh prior to 1986 ,

made up 4.3 percent of fish collected in 1988.

Spotted sunfish and largemouth bass were

common in the marsh /swamparea of Steel

Creek before (1983-1985), during (1986-1987),

and after (1988) operation of L -Reactor.

turbed blackwater stream on the SRS, can illus

trate the likely wetland vegetation of the Steel

Creek corridor before the developmentof the

SRS. Trees adjacent to the stream include tulip

poplar, beech, sweetgum , willow oak, swamp

chestnutoak , water oak, sycamore, and loblolly

pine. Dogwood, red buckeye and American

holly are also abundant. Tag alder is common

along sandy stream margins. Macrophytes in

wet sites with open canopies include eelgrass

( V. americana), pondweed (Potamogeton epihy

drous), and bulrush (Scirpus subterminalis ).

Golden club (Orontium aquaticum ),wapato

(S. latifolia ),water primrose (Ludwigia spp.),

and knotweed (Polygonum spp.) occur on small

floodplains (Workman and McLeod 1990 ).

Lower Three Runs

From the Par Pond Dam , Lower Three Runs

flows about 24 miles (40 kilometers) before it

enters the Savannah River. Before Par Pond

was completed in 1958,heated effluent from R

Reactor (approximately 212 cubic feet per sec

ond (6 cubic meters per second) ]was dis

charged to Lower Three Runs via Joyce Branch

(Du Pont 1987b ). In 1964 R -Reactor was shut

down and heated discharge from P -Reactor was

diverted from Steel Creek to Par Pond (Du Pont

1987b). P -Reactorwas shut down in 1988.

Historically, SRS operations caused large fluc

tuations in discharge immediately downstream

of the Par Pond Dam , but groundwater and

tributary inflows dampened these fluctuations

severalmiles downstream (Wike et al. 1994).

The Savannah River Swamp System , ofwhich

Steel Creek and its delta are a part, consists of a

variety of habitats that support several vegeta

tion community types. The undisturbed wooded

areas in the swamp contain four distinct com

munities: black oak - ironwood (Quercus nigra

Carpinus caroliniana ), laurel oak -deciduous

holly (Quercus laurifolia - Ilex decidua), water

tupelo -ash (Nyssa aquatica -Fraxinus pennsyl

vanica), and bald cypress-blackgum (Taxodium

distichum -Nyssa aquatica). Dominants are pri

marily determined by the depth and frequency

of flooding (Smith , Sharitz, and Gladden 1981).

4.2.5.1.3 Wetland Ecology

Steel Creek

SteelCreek and its main tributary ,Meyers

Branch, drain approximately 35 square miles

(91square kilometers) of the Aiken Plateau and TC

flow to the Savannah River. The dam across

Steel Creek creating L -Lake is approximately

3 miles (5 kilometers) upstream of the Steel

Creek delta (Westbury 1993) .

Steel Creek received reactor effluents from

1954 to 1968. Table 4-38 lists reactor-area dis- TE

charges to Steel Creek by timeperiod and

source. Steel Creek received thermal effluents

from both P- and L -Reactors between 1954 and

1963 and then from L -Reactor alone until 1968

(DOE 1984 ). Reactor effluentwater released to

SRS streamswas commonly hotter than 158° F

(70° C ), and in Steel Creek reached a peak dis

charge of 850 cubic feet (24 cubic meters) per

second in 1961 (Wike et al. 1994 ).

Information characterizing the wetland vegeta

tion of the Steel Creek corridor before the es

tablishment of the SRS is not available, but

Welbourne ( 1958) documents species present in

and around the SteelCreek area during 1956

and 1957. Appendix D , Table D - 8 lists these

species. Upper Three Runs, a relatively undis

Discharges before 1968 produced elevated wa

ter levels, increased water temperatures, sub

strate erosion, and deposition of scoured

sediments throughoutmuch of the Steel Creek

system . The stream , floodplain , and associated

wetlands were either destroyed or severely

TC
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Total

11.3

TE Table 4-38. Reactor- area discharges to SteelCreek.a

Discharge ( cubic meters per second)

Years P -Reactor L -Reactor

1954 to 1958 5.6 5.7

1958 to early 1961
9.3 9.3

Mid - 1961 11.3 11.3

Late 1961 to late 1963 9.3 11.3

November 1963 to February 1968
0.40 11.3

February 1968 to 1980 0.48 0.0

1981 to 1984 0.5a 0.002C

18.6

22.6

20.6

11.7

0.4

0.5

a . Source: DOE (1984).

b . To convert cubicmeters to cubic feet, multiply by 35.31.

Flow from sanitary and domestic sources from L -Area at ambient temperature. During cold-water testing,the

flow has approached 6.2 cubic meters per second.

C.

altered by resultant above-normalwater levels,

silt deposition , and elevated water temperatures

TE (Westbury 1993). Table 4-39 compares stream

characteristics before and after Steel Creek re

ceived heated discharges from L- and

P -Reactors.

accumulation , and greater entrapment of sedi

ment afforded by the vegetation (Smith, Sharitz,

and Gladden 1981).

Between 1951 and 1972, the stream channel

width increased more than three times due to

effluent scour (DOE 1984). A pattern of up

stream erosion and downstream delta formation

resulted from the interaction ofthe stream cor

ridor gradients and the increased stream dis

charges. A broad, flat delta formed where Steel

Creek flowed into the Savannah River swamp.

Effects on the vegetation in the Steel Creek

corridor and delta varied with species sensitivity

to the stresses of the thermaleffluentdis

charges. A high incidence of tree death oc

curred in areas of the Savannah River swamp

where the thermally impacted streamsentered

the swamp. For example, the areal extent of the

tree kill in the Steel Creek delta exceeded 247.1

acres (1.0 square kilometer) in 1966. However,

vegetation in the swampwas noteliminated;ar

eas such as sandbars, stumps,and logs elevated

above thewater continued to support diverse

plant communities (Smith , Sharitz, and Gladden
The elevation of the delta area was higher than

the adjacent natural swamp as a result of reac

tor- associated sedimentbuildup, organicmatter

1981) .

Te Table 4-39. Steel Creek stream characteristics.a,b

Flow rate

( cubic meter per

second)
Date

Average depth

(meter)
Width (meters)

Temperature

(°C )

5.1May 1951

June 1972

0.30 0.59
16.1

16.5
0.37 0.79

24.6

a .

C.

Source: DOE (1984).

b . Based on measurements taken atRoad A.

To convertmeters to feet,multiply by 3.281.

d . To convert cubicmeters to cubic feet, multiply by 35.31 .

July 1951 determination .
e .
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TE

TE

With the cessation of reactor discharges to Steel

Creek in 1968,much of the previously impacted

floodplain corridor underwentrevegetation to

scrub-shrub and young bottomland hardwood

forested wetlandsbetween 1968 and 1981 (Du

Pont 1987c). More than 85 species of plants

representing 50 families were identified in Steel

Creek corridor (see Appendix D , Table D -9 )

during a study in the summer of 1981 (Smith ,

Sharitz , and Gladden 1981). Section 4.1.5 de

scribes the characteristic vegetation of the

northern portion of the Steel Creek corridor and

the portion inundated by L -Lake. Below the site

of the future L -Lake Dam , the corridor was

similar to the portion inundated by the lake .

Waxmyrtle, willow ,and blackberry dominated

the floodplain community behind a band of al

der bordering the stream . The lower portion of

the stream was a broad flat floodplain with

braided stream channels, with a low persistent

herb community intermixed with shrub thickets.

Table 4-40 lists the wetland community types

occurring in the Steel Creek corridor below the

dam site (before dam construction ). The classi

fication system used formapping followed the

Cowardin method with somemodification to

more accurately portray the features of this sys

tem (Smith , Sharitz, and Gladden 1981). Ap

pendix D , Table D -4 describes themapping

units in the lower portion of the Steel Creek

corridor.

Studies of the Steel Creek delta between 1968

and 1981 showed the plant communities under

going early successional invasion by marsh and

scrub-shrub wetland species. The initial flora of

the emergent sandbarswas dominated by the

rush -like annual Fimbristylis autumnalis, water

primrose (Ludwigia leptocarpa), primrose wil

low (L. decurrens), sedges (Cyperus spp .), and

the annual Echinochloa walteri (Du Pont

1987c). Therewas limited recovery of the for

est in areas adjacent to the delta . In the summer

of 1981, the Steel Creek delta was characterized

by heterogeneous vegetation with 124 species

representing 66 families (see Appendix D ,

Table D -10 ) (Smith , Sharitz , and Gladden

1981). The deltaic fan rapidly colonized and

supported successional willow forest, button

bush shrub communities, and herbaceous wet

lands dominated by cutgrass (Leersia sp .). A

deeper-water zone peripheral to the delta was

characterized by scattered trees that were rem

nants of the original swamp forest, as well as

stumps bearing shrubs, and submerged and non

persistentaquatic herbs. The surrounding

swamp forest communities that were less af

fected by reactor operationswere characterized

by closed canopies. These areas are dominated

by cypress and tupelo in deeper water andby

oaks and other bottomland hardwoods on the

ridges and higher elevations.

TE

TE
Table 4-40. Wetland community types occurring in the Steel Creek corridor below L -Lake dam.a

Wetland community type
Mapping unit

Emergent Persistent - Leersia spp .

Emergent
Nonpersistent - Polygonum lapathifolium

Scrub -shrub - Broad -leaved deciduous
Cephalanthus occidentalis-Salix nigra

Scrub - shrub - Broad -leaved deciduous
Alnus serrulata

Salix sp .
Forested - Broad -leaved deciduous

Forested - Broad -leaved deciduous

Forested - Broad -leaved deciduous

Forested - Mixed deciduous

Alnus serrulata -Myrica cerifera

Liquidambar styraciflua-Acer rubrum - Salix sp .

Taxodium distichum -Nyssa sylvatica var. biflora

a .
Source : Smith , Sharitz, and Gladden (1981).
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period, portions of the hardwood forest canopy

opened and herbaceous vegetation invaded the

areas where light penetrated to the forest floor

(DOE 1990).

TE Table 4-41 lists the wetland community types

occurring in the Steel Creek delta. The classifi

cation system used formapping followed the

Cowardin method with somemodification to

portray more accurately the featuresofthis sys

tem (Smith , Sharitz , and Gladden 1981). Ap

pendix D , Table D - 10 describes themapping

units in the Steel Creek delta (Smith , Sharitz,

and Gladden 1981).

L -Reactor ceased operation in 1988; however,

the L -Reactor Operations EIS (DOE 1984) had

committed that, during reactor outages, DOE

would maintain flow in Steel Creek atRoad A

at a rate ofabout 106 cubic feet (3.0 cubic me

ters) per second during the spring spawning sea

son, and during the remainder ofthe year at a

rate of about 53 cubic feet ( 1.5 cubic meter) per

second during reactor outage (Wike et al. 1994 ).

These flows were higher than normal Steel

Creek flows to eliminate the potential for dewa

tering the stream through the fish spawning sea

son during a reactor outage.

During the construction and filling of L -Lake

from 1984 to 1985, the stream flow in Steel

Creek at Road A ranged from 7 to 500 cubic

feet (0.2 to 14.2 cubic meters) per second and

averaged 261 cubic feet (7.4 cubicmeters) per

second. The restart of L -Reactor resulted in

several changes in the Steel Creek floodplain .

Water temperatures at the SteelCreek corridor

sites were not greatly elevated when the reactor

was in operation, so thermal impacts on flood

plain vegetation were minimal. The changes

were the result of an altered hydrologic regime

and increased flows in the stream . Nearly

10 times the volumeofwater carried before re

actor restart was discharged into the Steel Creek

system during reactor operations. This in

creased flow altered the patterns of erosion and

deposition in the channels and floodplain and

caused extensive inundation of areas that had

been relatively dry before the resumption of re

actor operations (Westbury 1993). During this

A recentmapping effort by the Savannah River

Ecology Laboratory mapped aerial coverage of

the Steel Creek corridor and delta (Wein 1996).

Three vegetation classes were identified :

TE marsh , scrub- shrub, and hardwood. Table 4-42

lists the classesofvegetation and area of cover

age for each . The dominant species in the

marsh classwere Leersia spp. and S. latifolia.

Willow and buttonbush were the predominant

scrub-shrub species. The hardwood class was

predominated by a young developing stand of

bald cypress, tupelo , and ash .

Mapping unit

TE Table 4-41. Wetland community types occurring in the Steel Creek delta .a

Wetland community type

Aquatic Bed

Rooted Vascular - Myriophyllum brasiliense

Emergent
Persistent - Leersia spp .

Emergent

Nonpersistent - Hydrolea quadrivalvis
Scrub - shrub - Broad -leaved deciduous

Cephalanthus occidentalis-Salix nigra

Mixed Scrub-shrub - Nonpersistentemergent

Cephalanthus occidentalis/Polygonum lapathifolium

Forested - Broad-leaved deciduous

Salix nigra
Forested - Broad -leaved deciduous

Quercus lyrata-Carya aquatica-Nyssa aquatica
Forested - Broad -leaved deciduous

Quercus laurifolia
Forested -Mixed deciduous

Taxodium distichum -Nyssa aquatica

Forested - Mixed deciduous

Taxodium distichum -Cephalanthus occidentalis

a .
Source Smith , Sharitz, and Gladden (1981).
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TETable 4-42. Aquatic macrophyte coverage of the Steel Creek corridor and delta, 1996.a

Area in acres

Class name
(square kilometers)

Water
106.3 (0.43)

Marsh
48.3 (0.20 )

Shrub/Scrub 20.7 (0.08)

Hardwood 1,185.1 (4.80 )

Totals 1,360.4 (5.51)

a . Source : Wein (1996 ) .

b . To get square miles,multiply by 0.3861.

Lower Three Runs
most influenced by Par Pond releases, these

bottomland areas have also been affected by

beaver activity (DOE 1990). Somecypress

tupelo (Taxodium spp.-Nyssa aquatica ) areas

are located near the confluence ofLower Three

Runs and the Savannah River .

4.2.5.2 Environmental Impacts

Before 1958,heated effluent from R -Reactor

discharged directly to Lower Three Runs

through Joyce Branch. Lower Three Runs flows

about 19 miles (31 kilometers) from the Par

Pond Dam to the Savannah River. As a conse

quence of receiving cooling water effluent from

R -Reactor ( 1953 to 1958) and the subsequent

modification of stream flows after 1958 caused

by the Par Pond Dam , the ecology of the stream

has changed significantly since the early 1950s.

In particular, the nature of the riparian habitats

and associated floodplain wetlands along Lower

Three Runs have changed .

4.2.5.2.1 No Action

Aquatic Ecology

Under the No-Action Alternative, DOEwould

maintain flows in Steel Creek and Lower Three

Runs at approximately 10 cubic feet (0.28 cubic

meter ) per second, which would approximate

historic (pre -1951) base flows in Steel Creek in

the area below L - Lake and representminimum

flow rates protective of aquatic life in Lower

Three Runs (del Carmen and Paller 1993b ).

River water would no longer be pumped to In

dian Grave Branch through K -Area or to

Fourmile Branch through C -Reactor ( see Sec

tion 4.2.2.1 ).

For themost part,wetlands along Lower Three

Runs downstream ofPar Pond are bottomland

hardwood swamps associated with the flood

plain (DOE 1990). Bottomland hardwoods on

the SRS are typicalofthemixed hardwood for

ests in low wet areas of the southeastern Coastal

Plain (Workman andMcLeod 1990 ). Common

tree species in these areas are those that survive

where flooding is of limited depth and normally

restricted to the late winter and early spring

when the plants are dormant (Whipple, Well

man , andGood 1981). Tree species of this type

include several species of oaks (Quercus spp.),

sweet-gum (Liquidambar styraciflua), cotton

wood (Populusheterophylla ), American elm

(Ulmus americana), sycamore (Platanus occi

dentalis), and red maple (Acer rubrum ). In

addition, some scrub -shrub and other emergent

wetlands are present in the main channel and

tributaries of Lower Three Runs. Although

Fourmile Branch

Under the No-Action Alternative, riverwater

would no longer be pumped to C -Area. At pre

sent, a small amountof river water discharges to

Fourmile Branch as a result ofvalve leakage.

Because this discharge represents a small frac

tion of the normal stream flow , no impacts are

likely from its discontinuation .
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Steel Creek more normaltemperature and flow regimes

(DOE 1995a ). The benthic communities that

developed from 1954 to 1968, when SteelCreek

received massive volumes ofheated effluent,

and from 1985 to 1988 , when Steel Creek re

ceived large volumes of L -Reactor coolingwa

ter, were atypical.

DOE committed in the Final EIS on L -Reactor

Operations (DOE 1984) to maintain year-round

minimum flowsof 53 cubic feet ( 1.5 cubicme

ters) per second in Steel Creek below the

L -Lake Dam . Because this requirementwas

based on the full reactor cooling water flow of

388 cubic feet (11 cubic meters) per second and

L -Reactor was permanently shut down in 1988,

the 53 cubic feet (1.5 cubic meters) per second

minimum flow requirement was eliminated in

1994 (DOE 1995a).

DOE evaluated the potential impacts of reduc

ing flows from L -Lake to Steel Creek by almost

80 percent, from 53 cubic feet ( 1.5 cubic me

ters ) per second to 10 cubic feet (0.28 cubic

meter) per second (DOE 1995a). To determine

minimal flowsthatwould preserve the ecologi

cal integrity of Steel Creek, a hydrologicaland

ecological study of the Steel Creek watershed

and its fisheries resources concluded that a flow

of 10 cubic feet per second (0.28 cubic meter

per second) would approximate the historic

( pre -SRS) Steel Creek flow , and would result in

the reestablishment of an aquatic community

similar to the one that existed in Steel Creek be

fore the creation of L -Lake (del Carmen and

Paller 1993a).

After the restart of L -Reactor in 1985, there

were pronounced changes in the community

structure of Steel Creek benthic macroinverte

brates and fish (Mason and Bowen 1993 ;Matt

son et al. 1993b ). These alterations in

community structure were attributed to in

creased flows and sediment loads rather than in

creased heat loading from reactor operation .

After July 1988 when L -Reactor was shut down,

stream flowswere considerably lower as a result

of greatly reduced reservoir releases to Steel

Creek . Fish abundance and diversity declined in

the Steel Creek corridor and marsh /delta after

the flow reduction . Changes in community

structure of benthic macroinvertebrates were

more subtle, butthere appeared to be reductions

in the abundance and diversity of these organ

isms as well.

Because DOE has described impactsof 10

cubic-foot(0.28-cubic-meter)-per-second flows

to Steel Creek aquatic biota (DOE 1995a), this

EIS does not discuss them further.

Lower Three Runs

DOE predicted a 10 -cubic - foot- (0.28-cubic

meter-) per second flow would favor fish spe

cies native to first- and second -order streamson

the SRS (DOE 1995a). These would include

many small schooling species (e.g., shiners) that

feed on insects and a few small bottom -feeding

species (e.g.,madtoms) (Paller 1994). Because

DOE expected a balanced biological community

to develop under these conditions, it concluded

that there would beno significant impacts (DOE

1995b ) .

Del Carmen and Paller ( 1993b ) conducted an

instream flow study on Lower Three Runs to

determine the minimum discharge rate that

would support a balanced biological community

downstream of the Par Pond Dam . They con

cluded that a base flow of approximately

10 cubic feet (0.28 cubic meter) per
second

would result in the establishme
nt

of a balanced

biological community , with a fish community

typical of first- and second-order Coastal Plain

streams in South Carolina (del Carmen and

Paller 1993b ). As noted above, this would be a

stream fish community containing

bodied insectivore
s

(shiners,chubs, and mad

toms) and fewer large-bodied carnivores and

DOE did not discuss possible impacts to other

stream organisms, such as
macroinvertebrates,

but implied that the proposed reduction in Steel

Creek flows would in time result in the devel

opment of a benthic community typical of first

and second- order Coastal Plain streamswith

more small
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Wetland Ecologyomnivores (suckers, sunfish , and largemouth

bass) than before. Because DOE has described

impacts of 10- cubic -foot-per-second flows to

Lower Three Runs aquatic biota (DOE 1995a),

this EIS does not discuss them further.

Steel Creek

Indian Grave/Pen Branch

Under the No- Action Alternative, DOEwould

continue to pump 4,800 gallons perminute

(0.30 cubic meter per second) of river water to

L -Lake to maintain the normal operating level

of 190 feet (58.0 meters) and would continue to

pump up to 200 gallons perminute (0.013 cubic

meter per second) to K - Area for fire protection .

An additional 200 gallons per minute of well

water would be supplied to K -Area for com

pressor cooling. As a result, Pen Branch would

continue to receive as much as 400 gallonsper

minute (0.025 cubic meter per second) of river

water and well water from K -Area.

Under theNo-Action Alternative, DOE would

ensure that Steel Creek received a minimum

flow of 10 cubic feet (0.28 meter) per second.

This flow was evaluated in the Environmental

Assessment for the Natural Fluctuation of Water

Level in Par Pond and Reduced Water Flow in

Steel Creek Below L -Lake at the Savannah River

Site (DOE 1995a). DOE concluded that no sig

nificant impacts to wetlands in Steel Creek were

likely as a result of a return to the historic flow

rate (DOE 1995b ).

Flow in Pen Branch upstream of the confluence

with Indian Grave averaged 7.7 cubic feet

(0.22 cubic meter ) per second over the 1983

1991 period (Wike et al. 1994). Under the No

Action Alternative, DOE would continue to dis

charge approximately 400 gallons per minute

(0.89 cubic feet; 0.025 cubic meter) per second

of river and well water to Pen Branch , augment

ing the base flow of approximately 7.7 cubic

feet per second.

A stream flow of 10 cubic feet (0.28 cubicme

ter) per second could result in fewer extreme

flooding events and fewer years with high an

nual floods. Asa consequence , a narrowing of

the riparian wetlands could occur downstream

of the dam . Frequency, depth , and duration of

flooding affect forest composition and vegeta

tion patterns in bottomlands such as those found

along the Steel Creek corridor (Workman and

McLeod 1990). Plant species generally occur

along a moisture gradient in these areas. Since

flooding would be less frequent and less ex

treme under the 10 -cubic- foot-per-second dis

charge scenario than in previous years, a denser

understory could develop along with greater di

versity in the herbaceous layer (Wike et al.

1994 ).

Under the No- Action Alternative, Indian Grave

Branch would probably support small numbers

of shiners, chubs, pirate perch and darters; these

minnow -like species are often found in first

order SRS streams(Aho et al. 1986 ; Wike et al.

1994). Flows in Pen Branch downstream of its

confluence with Indian Grave Branch would

probably be sufficient to support a more diverse

fish community ,with shiners , chubs, pirate

perch , chubsuckers, small sunfish ,and catfish

(madtomsand bullheads). Projected flows in

both Indian Grave Branch and Pen Branch

would approximate natural flows, and aquatic

communitieswould, over time, becomemore

like the communities that existed prior to the

operation ofSRS production reactors.

L11-18

Atpresent,most of the aquatic macrophyte cov

erage in the stream corridor and delta is in open

water andmarsh (Wein 1996 ). A return to the

lower historic flow probably would result in

shallower water and, therefore, a decrease in

open water andmarsh habitat. Tree species

likely to invade the area include willow (Salix

spp.), loblolly pine, sweetgum , cottonwood, cy

press, and tupelo . An increase in scrub -shrub

vegetation along the narrower stream corridor

could occur. This trend was observed in sur

veys conducted in the stream corridor between

the cessation of cooler water discharges in Steel

Creek in the late 1960s and the construction of

L -Lake and the restart of L -Reactor in themid
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Creek Below L - Lake atthe Savannah River Site

(DOE 1995a) evaluated the flow rate of 10 cu

bic feet (0.28 cubic meter) per second.

1980s (Wike et al. 1994). For themost part,

grasses and similar emergent species dominated

in 1982 after 15 years of successional revegeta

tion . Woody vegetation could reinvade after a

return to the historic flow and could be domi

nated by willow (Salix spp .), as observed in the

early 1980s.

Asmentioned above, sediment accumulations

raised part of the delta, resulting in lower water

depths and favoring scrub-shrub invasion and

establishment. Ifhardwood species became re

established in the deltaic fan , it probably would

eventually resemble deciduous bottomland for

est rather than the original swamp forest (Wike

et al. 1994). The lower water level and less se

vere flooding events could lead to the invasion

of such woody species as sweetgum

(Liquidambar styraciflua ), laurel oak (Quercus

laurifolia ), water oak (Quercus nigra), iron

wood (Carprinus caroliniana), winged elm

(Ulmus alata ), and water elm (Planera aq

uatica), which thrive in that environment. In

addition,willows (Salix spp.) andbuttonbush

(Cephalanthus occidentalis) tend to dominate

higher, drier areas ofdeltas on SRS, as do her

baceous plants such as sedges (Carex spp.),

rushes (Juncus spp.), and water primrose

(Ludwigia spp .) (Workman and McLeod 1990).

The 10 -cubic -foot (0.28 -cubic -meter)-per

second minimum flow would be roughly one

third of the mean historic flow (for 1974 to 1982

and 1987 to 1991) downstream of the Par Pond

Dam of 36.5 cubic feet ( 1.0 cubic meter)per

second (Wike et al. 1994). Although a stream

flow of 10 cubic feet per second would support

a balanced aquatic community, impacts to ripar

ian wetlands could occurbecause this flow was

below historic levels . The 10 -cubic -foot-per

second flow probably would result in a narrow

ing of the Lower Three Runs stream corridor

and floodplain compared to recentconditions.

This flow below the Par Pond Dam would have

less of an additive effect with runoff and

groundwater discharge into Lower Three Runs

(i.e., less total surface water) and would result in

fewer extreme flooding events and fewer years

with annual floods. As a consequence, a nar

rowing ofthe riparian wetlands would occur

(McLeod 1996 ). This would bemost noticeable

in areas just downstream of the dam , where the

flow rate is heavily influenced by releases from

Par Pond.

Lower Three Runs

Under the No- Action Alternative , DOE would

ensure that Lower Three Runs received a mini

mum discharge of 10 cubic feet (0.28 cubic

meter) per second. An in -steam flow study in

Lower Three Runs Creek to determine the dis

charge rate from Par Pond that would both
pro

tect downstream natural resources and allow for

the reduction of riverwater pumping to Par

Pond concluded that a minimum flow of about

10 cubic feet (0.28 cubic meter) per second in

the reach of Lower Three Runsbelow the Par

Pond Dam would be sufficient to support a bal

anced fish community typical of a first/second

order Coastal Plain stream (del Carmen and

Paller 1993b). The Environmental Assessment

for the Natural Fluctuation ofWater Level in

Par Pond and Reduced Water Flow in Steel

Frequency , depth , and duration offloodingaf

fect forest composition and vegetation patterns

in bottomlands such as those along Lower Three

Runs (Workman andMcLeod 1990 ). Plant

species generally occur along a moisture gradi

ent in these areas. Because flowswould be

lower under the 10-cubic- foot (0.28 -cubic

meter)-per-second discharge scenario and

flooding would be less frequent than under his

toric conditions, a denser understory could de

velop along with greater diversity in the

herbaceous layer. Over time,tree species such

as white oak (Quercus alba), black oak

(Quercus velutina), and mockernut hickory

(Carya tomentosa ) that are characteristic of

drier, less frequently flooded areas could pre

dominate (Whipple,Wellman ,and Good 1981).

Decades could pass before these changes in

dominant tree species occurred (McLeod 1996).
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DOE monitors thewaters of these streams

regularly for chemical,metal, physical, and

biological properties and radioactive effluents;

themonitoring frequency varies with the loca

tion and sample type . Sampling stations are

upstream and downstream , including offsite

portions of the streams. Hunting and fishing

along onsite streamsare prohibited ; the number

and frequency ofpeople participating in offsite

fishing and hunting are unknown .

An SRS Set-Aside Area, the Boiling Springs

Natural Area, is approximately 7 miles

(11kilometers ) downstream of the Par Pond

Dam . Set-asides are undisturbed natural areas

on the SRS that are protected to promote bio

logical diversity and provide control data to

evaluate the impacts of development

(McFarlane 1988). The Boiling Springs Natural

Area is an excellent example of an SRS bottom

land hardwood community. Impacts to this area

from the 10-cubic- foot (0.28-cubic -meter)-per

second flow and less frequent flooding probably

would beminimal because this stretch of Lower

Three Runsreceives significant inputs from

groundwater and runoff and is less dependent on

Par Pond discharge. The cypress- tupelo wet

landsnear the confluence with the Savannah

River would probably be unaffected by the

10 -cubic- foot-per- second release from Par Pond

because they are more than 17miles (27 kilome

ters ) from the reservoir and aremuch more

strongly influenced by Savannah River flows

and flooding.

As described in Section 4.1.6.1, DOE has

system in place to assist in making a decision

about the future of SRS land and facilities. That

section also contains information on the Future

Use Project Team and its recommendations for

SRS future use, the land and surroundings on

the Site , and the current status of the National

EnvironmentalResearch Park .

DOE has not identified any futuremission or

use , other than research andmonitoring, for the

SRS streams (Hill 1996 ).

4.2.5.2.2 Shutdown and Deactivate 4.2.6.2 Land Use Impacts

4.2.6.2.1 No Action
Terrestrial,wetland, and aquatic impacts under

this alternative would be identical to those de

scribed for the No- Action Alternative.

4.2.5.2.3 Shutdown and Maintain

Under the No-Action Alternative, current uses

of the streamswould not change; their status

would be the same as that described in Section

4.2.6.1 . DOE would make decisions on future

uses in accordance with Future Use Project rec

ommendations and other avenues.

Terrestrial, wetland, and aquatic impacts under

this alternativewould be identical to those de

scribed for the No- Action Alternative.

4.2.6.2.2 Shut Down and Deactivate

4.2.6 LAND USE

4.2.6.1 Affected Environment

Activities associated with this alternative would

not affect current or future uses of the streams.

In relation to water quantity and quality, this

alternative should not affect offsite downstream

users of the streams; and DOE would maintain

flow through natural recharge at 10 cubic feet

(0.28 cubic meter) per second.

Fourmile Branch , Pen Branch /Indian Grave

Branch, Steel Creek, and Lower Three Runs

flow through the SRS in a generally southerly

direction and empty into the Savannah River.

The streams are narrow at their headwaters,

broadening into wide swampy deltas where they

empty into the Savannah River. Section 4.2

provides a more detailed description of the flora

and fauna along their paths.

4.2.6.2.3 ShutDown and Maintain

As described above, activities associated with

this alternative would not affect current or fu
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aesthetic settings of the streamswould not

change and there would be no visual impacts.

ture uses of the streams. DOE would maintain

the stream water quantity and quality . Section

3.3 discusses reasons for restarting the River

Water System
4.2.7.2.2 Shut Down and Deactivate

4.2.7 AESTHETICS

4.2.7.1 Affected Environment

Most of the streams on the SRS flow through or

originate in the Upper Coastal Plain and are

tributaries of the Savannah River, which flows

through the Lower Coastal Plain . The topog

raphical relief of this area is slightwith narrow

flat-bottomed valleys and rolling areas between

stream valleys. Fourmile Branch, Pen

Branch Indian Grave Branch, Steel Creek , and

Lower Three Runs flow through the Site in a

generally southerly direction toward the river .

The streams are narrow at their headwaters,

broadening into wide swampy deltas where they

empty into the river. Section 4.2.5 describes the

flora and fauna of the streams. Figure 4-30

showsLower Three Runs from just below the

Par Pond Dam on Road B. Figure 4-31 shows

Steel Creek from just below the dam on L -Lake.

At the time the photograph was taken on

July 31, 1996 , flow was 30 cubic feet (0.9 cubic

meter) per second (USGS 1996 ).

Under this alternative, DOE would shut down

the River Water System , thereby supplying no

water to Steel Creek , Lower Three Runs, and

the other onsite streams. L - Lake would recede

and could return to its original stream condi

tions; both Steel Creek and Lower Three Runs

would receive average flows of approximately

10 cubic feet (0.28 cubic meter) per second,

which could support biological communities

similar to those that existed prior to the creation

of the lake. Because the Steel Creek channel

would continue to flow through the L -Lake bed

and, because the stream would be associated

with a receding lake, this alternative would ad

versely affect stream aesthetics. Figure 4-15

shows SteelCreek (where it broadens into

L -Lake) as the lake begins to recede. This al

ternative would notaffect the other streams.

4.2.7.2.3 Shut Down and Maintain

Aesthetic impacts under this alternative would

be the same as those noted for the ShutDown

and Deactivate Alternative, except DOE could

restart the River Water System if necessary.

Section 3.3 contains possible reasons for restart

ing the system .

The only stream users are SRS personnel en

gaged in chemical, physical, and biological

monitoring; frequency of use varies depending

on location and sample type. There are sam

pling stations along the entire length of these

streams, including offsite locations. Hunting

and fishing along the streams on the Site is

strictly prohibited ;the number and frequency of

offsite users are unknown.

4.2.8 OCCUPATIONAL AND PUBLIC

HEALTH

4.2.8.1 Affected Environment

4.2.8.1.1 Public Health

4.2.7.2 Aesthetic Impacts

4.2.7.2.1 No Action

Under the No-Action Alternative, DOE would

continue to pump water from the Savannah

River through the RiverWater System to the

K-and L -Area 186 basins which would dis

charge to Indian GraveBranch and L -Lake. The

DOE collects watersamples from the Savannah

River and SRS streamson a continual basis

throughout the year to determine the effects of

the Site's effluents on the riverwater. In addi

tion ,SRS stream sampling locationsmonitor

below the process areas to detect and quantify

radioactivity levels in liquid effluents being

TE transported to the river. Table 4-43 lists radio
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TE
Table 4-43. Average water concentrations of radioactivity in the Savannah River and Savannah River

Site streamsfor 1995 (microcuries per milliliter).a

Location Alpha Gross beta Tritium

Savannah River

River Mile 120 8.20 x 10-11 1.98 x 10-9 1.28 x 10-6

RiverMile 140 1.96 x 10-10 2.33 x 10-9 1.54 x 10-6

River Mile 150 1.42 x 10-10 1.98 x 10-9 1.74 x 10-6

Vogtle discharge 1.73 x 10-10 1.94 x 10-9 7.90 x 10-6

River Mile 160 8.30 x 10-11 2.19 x 10-9 2.09 x 10-7

Edisto River (offsite control) 7.67 x 10-10 1.58 x 10-9 2.22 x 10-7

SRS Streams

Tims Branch 1.47 x 10-9 2.39 x 10-9 9.66 x 10-7

Upper Three Runs 1.30 x 10-9 1.27 x 10-9 2.21

Fourmile Creek 2.81 x 10-10 1.03 10-8 2.28 x 10-4

Pen Branch 1.07 x 10-10 1.25 x 10-9 6.89 x 10-5

Steel Creek 8.40 x 10-11 1.62 x 10-9 6.97 x 10-6

Lower Three Runs 3.25 x 10-10 1.84 x 10-9 9.88 x 10-7

Upper Three Runs (site control) 2.12 x 10-9 1.59 x 10-9 5.08 x 10-7

10-6

a . Source : Arnett, Mamatey, and Spitzer (1996 ).

activity measurements from selected locations

along the river and SRS streams.

Sediment samples have been analyzed (Arnett,

Mamatey, and Spitzer 1996 ) to measure the

movement, deposition, and accumulation of

long -lived radionuclides in SRS stream beds and

in the Savannah River bed. Because of the con

tinuous deposition and remobilization occurring

in the stream and river beds, significant year-to

year differencesmightbe evident, but the data

obtained can indicate long-term environmental

trends. Sediment samples are collected annually

from the River and SRS streams. DOE obtains

samples from the top 8 inches ( 3.2 centimeters)

of sediment in areas where fine sediment accu

mulates and most of the radionuclides concen

trate. Table 4-44 lists the results ofsediment

analyses for 1995 at selected locations on the

River and SRS streams. The highest activities

were observed in samples from Steel Creek and

Pen Branch .

TE
Table 4-44. Measurements of radionuclides in the Savannah River and Savannah River Site stream

sediments for 1995 (picocuries per gram ).a

Location
Cobalt -60 Strontium - 90 Cesium - 137 Plutonium -238 Plutonium -239

Savannah River

Below Fourmile Branch ( b ) 0.00670 0.788
0.000612 0.00289

Below Little Hell Landing
0.00094 1.49 0.00109 0.00586

Highway 301 (b ) 0.203 0.00130 0.00823

Lower Three Runsmouth 0.00068 1.43 0.00282 0.00505

Demier's Landing (control) (b ) 0.00083 0.262 (b ) 0.001260

SRS Streams

Fourmile at Road A - 7 (b ) 0.417
0.954 0.000558 (b )

Pen Branch discharge at swamp
0.0063 1.39 0.00145 0.0141

Steel Creek at Road B 0.0077 0.356 0.00136 0.00949

Lower Three Runsmouth (b ) (b ) (b ) (b )

Lower Three Runsmouth (control) (b ) (b ) (b ) (b )

(b )

a .
Source: Arnett,Mamatey, and Spitzer (1996).

b. Activity is below the lower level of detection .
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4.2.8.1.2 Radioactive Releases ofCesium -137

to Onsite Streams

Since 1954, approximately 563 curies ofce

sium - 137 were generated from reactor opera

tions and released to onsite streams (Cummins,

Hetrick, and Martin 1991). Table 4-45 shows

the source, receiving stream , and amountof

these releases. The following section provides

information on the estimated inventory and dis

tribution of cesium -137 remaining in Steel

Creek .

The SRS discharged an estimated 27 curies (15

from L -Reactor and 12 from P -Reactor) ofco

balt-60 to Steel Creek (DOE 1984). Most ofthe

cobalt-60 (which has a half-life of5.26 years)

has been eliminated through radioactive decay;

however, an estimated 0.5 curie remains in ei

ther Steel Creek or L -Lake, or hasmoved to the

Savannah River in a manner similar to thatde

scribed for cesium .

4.2.8.1.3 Radiation Levels in Steel Creek

From 1955 to 1973, the SRS released approxi

mately 284 curies ofcesium - 137 to Steel Creek

(DOE 1984). A sharp decrease in the release of

cesium -137 occurred during the early 1970s

when DOE fitted all reactors with sand filters ,

demineralized the basin water before release ,

removed leaking fuel elements from the reactor

basin to a safe storage area, and finally discon

tinued the practice of direct discharge of disas

sembly basin water to Site streams. The

estimated inventory (decay corrected to 1996 )

ofcesium -137 remaining in Steel Creek was

58 curies – 7 curies upstream from L -Reactor,

26 curies between L -Reactor and the Steel

Creek delta, 18 curies in the Steel Creek delta ,

and 7 curies between the delta and the SRS

boundary (PRC 1996 ).

After their discharge to Steel Creek , the cesium

137 and cobalt-60 becameassociated primarily

with the silts and clays in the 11.2 -mile (18.0

kilometer) Steel Creek system before reaching

the Savannah River. The sediments and associ

ated radionuclides have been subjected to accu

mulation in L -Lake and to continued

resuspension, transport, and deposition accord

ing to the flow regimein the creek above and

below L -Lake. Aerial radiological surveys (e.g.,

EG & G 1992 ) conducted since 1974 indicate that

the radionuclides have remained channeled in a

zone that correlates with the historic stream

channel and floodplain for Steel Creek .

4.2.8.2 Environmental Impacts

As previously discussed in Section 4.2.2.1,trit

ium levels in Steel Creek , Lower Three Runs,

L10-09 Fourmile Branch, and Pen Branch are expected

to increase under the No Action Alternative

from the 1996 levels due to removal ofthe

TE Table 4-45. Releases of cesium -137 to onsite streamsfrom reactor operations.a

Source
Receiving stream Release (curies)

C - Area Castor Creekb 33

K -Area
Indian Grave Branch 24

L - and P -Areas
Steel Creek 284

R -Area Lower Three Runsd
222

Total

563

a .
Source: Cummins,Hetrick , andMartin (1991).

b . A tributary of Fourmile Branch .

A tributary of Pen Branch .

d . Total release to Par Pond, R -Reactor Canals, and Lower Three Runs.

C.
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Occupational Health

L10-09

TC

River Water System discharges. These incre

mental increases in tritium levels are presented

in Table 4-26 . As shown by the values in this

table, Pen Branch would be expected to have the

largest incremental increase in tritium levels

(52.2 pCi/ml). In addition, for Steel Creek un

der the ShutDown and Deactivate and Shut

Down and Maintain Alternatives, an increase in

contaminated sediments is likely during periods

ofheavy rainfall. Therefore, for these alterna

tives the sediment loss hasbeen calculated

based on stabilized steady state condition and

added to the flow in Steel Creek in the form of

increased contaminant concentrations shore

line sediments and surface water. The following

sections describe the impacts of these increased

contaminant concentrations.

Under the No-Action Alternative, the increased

tritium concentrations would have an incre

mental risk to the involved workers due to in

creased exposure to tritium through incidental

ingestion of sediment and dermal contact. The

resulting dose and risk values are presented in

Table 4-46 . Doses to the uninvolved workers

would not change appreciably because volatili

zation of tritium from the streamswould remain

essentially constant from the baseline condi

tions.

4.2.8.2.2 ShutDown and Deactivate

4.2.8.2.1 No Action

Public Health

For the Shut Down and Deactivate Alternative,

DOE would discontinue pumping to the reactor

areas and flows (in SRS streams that currently

receive flows from the River Water System )

would revert to natural levels. Because most

contaminants reside in the upper regions of the

stream floodplains, the alternatives would not

expose additional sediments. However, addi

tional sediment would be lost from the L -Lake

bed during periods of heavy rainfall. The fol

lowing paragraphs describe the impacts ofthis

sediment loading on Steel Creek.

TC
Public Health

Radiologicaland nonradiological impacts from

atmospheric and liquid releases to membersof

the public under theNo- Action Alternative

would notchange appreciably from the baseline

impacts described in Section 4.1.8.1.1. This is

true for atmospheric releases because although

additionalsediments in the stream bedsmay be

uncovered and allowed to dry and be dispersed

by the wind, these sediments typically have

relatively low concentrationsofcontaminants

(DOE 1984) andwould not affect the total air

borne release appreciably . Similarly ,although

concentrations for somecontaminants (tritium )

would increase in the affected streams, the total

release ofthese contaminants would remain

constant. Therefore , incremental changes in

impacts under the No-Action Alternativewould

very small and this EIS does not calculate

them .

Radiological and nonradiologicalimpacts result

ing from atmospheric and liquid releases would

be essentially unchanged from those for the No

Action Alternative with the exception of in

creased sediment loading in Steel Creek. The

impacts of this increased sediment loading are

described in Section 4.1.8.2.2 (aqueousreleases

in Table 4-21). The remaining incremental

doses and impacts to members of the public

would be very small and this EIS does not cal

culate them .

TE

be
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TE Table 4-46. Worker radiological doses associated with the Shut Down and Deactivate Alternative and

resulting health effects.a

No- Action Alternative

Probability or

number of fatal

Dose (rem ) cancersb

Shut Down and Deactivate

Alternative

Probability or

number of fatal

Dose (rem ) cancersb

4.9 x 10-10

6.6 x 10-9

2.0 x 10-13

2.6 x 10-12

4.5 x 10-8

2.0 x 10-7

1.8 x 10-11

8.1 x 10-11

3.4 x 10-8

4.6 x 10-7

1.4 x 10-11

1.8 x 10-10

3.1 x 10-6

1.4 x 10-5

1.3 x 10-9

5.7 x 10-9

Receptor

Average involved worker

(currentuse)

Annualc

Lifetimed

All involved workerse

(current use)

Annualc (person -rem )

Lifetimed (person - rem )

Average involved worker

(future use )

Annualc

Lifetimed

All involved workerse

(future use )

Annualc (person-rem )

Lifetimed (person -rem )

Uninvolved workerf

L10-09

1.1 x 10-8

1.5 x 10-7

4.3 x 10-12

5.8 x 10-11

9.7 x 10-7

1.6 x 10-5

3.9 x 10-10

6.4 x 10-9

7.6 x 10-7

1.0 x 10-5

3.0 x 10-10

4.1 x 10-9

6.8 x 10-5

1.1 x 10-3

2.7 x 10-8

4.5 x 10-7

No impact

C.

a. Supplemental information provided in Tables C -25, C -26 , C -31,and C -32 in Appendix C.

b. For the exposed individual worker, probability of a latent fatal cancer; for the worker population,number of

fatal cancers.

Annual individual worker doses can be compared with the regulatory dose limit of 5 rem ( 10 CFR 835)and

with the SRS administrative
exposure guideline of 0.8 rem . Operational procedures ensure that thedose to the

maximally exposed worker will remain as far below the regulatory dose limitas is reasonably achievable. The

1995 average dose for all site workerswho received a measurable dose was 0.019 rem (see Table 4-16).

d. Based on 5 years of exposure for currentworkers and 25 years of exposure for future workers; doses are cor

rected for radioactive decay.

Estimated to be 70 workers.

TE

e .

f. L -Area .

OccupationalHealth
would result in incremental impacts from direct

exposure (e.g., dermal exposure) pathways. The

following paragraphs describe these impacts.

RadiologicalHealth

Additional sediments from L -Lake would ap

pear in Steel Creek during periods of heavy

rainfall. This increased sediment loading would

result in increased concentrations in the surface

water and eventually higher concentrations in

shoreline sediments in the Steel Creek corridor

and delta . These higher concentrations would

result in increased exposure to constituents that

Radiological doses and resulting impacts asso

ciated with the Shut Down and Deactivate Al

ternative would be due to sedimentlosses from

TE the L -Lake bed. Table 4-46 lists these doses
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NonradiologicalHealthand resulting impacts. As listed , the probability

that the average involved worker would develop

a fatal cancer sometimeas the result of a single

year's exposure to radiation under the current

land use scenario would be 1.8 x 10-11. For the

total involved workforce, the collectiveradia

tion dose could produce up to 1.3 10-9 addi

tional fatal cancer as the result of a single year's Te

exposure; over a 5 -year career, the involved

workers could have 5.7 x 10-9 additional fatal

cancer as a resultof exposure.

| TE

Nonradiological health impacts (hazard index

and cancer risk ) were calculated under the cur

rent and future land use scenarios for the in

volved worker. The exposure pathways and

exposure times would be the sameas those dis

cussed in Section 4.1.8 . Table 4-47 lists the re

sults. As listed , the calculated hazard indexes

for themaximally exposed involved worker un

der the currentand future land use scenarios

(8.6 x 10-5 and 1.8 x 10-3, respectively) would

be a small fraction of 1. Therefore, there is a

very low probability that these individuals

would experience adverse health effects .

4.2.8.2.3 Shut Down and Maintain

Under the future land use scenario , the prob

ability that the average involved worker would

develop a fatal cancer at sometimeas the result

of a single year's exposure to radiation would be

3.9 ~ 10-10. For the total involved workforce ,

the collective radiation dose could produce up to

2.7 x 10-8 additional fatal cancer as the result of

a single year's exposure; over a 25-year career,

an involved worker could have 4.5 x 10-7 addi

tional fatal cancer as a result of exposure.

TC For the Shut Down and Maintain Alternative,

DOE would discontinue pumping to the reactor

areas and flow would revert to natural levels in

SRS streamsas described for the ShutDown

and Deactivate Alternative. Therefore , the im

pacts to workers andmembersof the public un

der Shut Down and Maintain would be the same

as the impacts under Shut Down and Deactivate.

|TE
Table 4-47. Worker nonradiological,noncarcinogenic hazard indexes and cancer risk associated with

the ShutDown and Deactivate Alternative.a

Annual (lifetime)

Receptor
Totalhazard index latent cancer riskb

Involved worker 8.6 x 10-5 7.9 x 10-12

(current use ) ( 3.9 ~ 10-11)

Involved worker 1.8 x 10-3 1.5 x 10-10

(3.6 x 10-9)

Uninvolved worker No impact No impact

TC

(future use )

a. Supplemental information is provided in Tables C -33 and C -34 in Appendix C.

b . Resulting from exposure to beryllium and arsenic in sediments.

Steel Creek bed remains saturated and therefore no atmospheric rele to L -Area .C.
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tivematerials, primarily cesium -137. Releases

4.3 Par Pond

Par Pond, a 2,640 -acre ( 10.7 -square -kilometer ) river water is pumped to Par Pond. Rainfall and

reservoir (Figure 4-32 ),was created in 1958 by inflows from the watershed and groundwater

building an earthen dam (the Cold Dam ) across maintain reservoir levels above 195 feet

the upper reaches ofLower Three Runs (Wike (59.4 meters).

et al. 1994). It has an average depth of 20 feet

(6.2 meters) and a maximum depth of 59 feet
Simple replacement time for the total volumeof

( 18 meters) (Du Pont 1987b ). At full pool, the water in Par Pond by rainfall and runoff from

reservoir storage volume is approximately
1962 to 1977 averaged 704 days (Du Pont

52,800 acre-feet (65million cubic meters ).

1987b ). However, reactor operations reduced

actual replacement time to 68 days. The shorter

From August 1958 to October 1961, Par Pond
replacement time caused increased mixing in

received thermal effluent only from R -Reactor. the lake and resulted in a more homogeneous

Heated effluent was discharged to theMiddle
distribution of nutrients and plankton than

Arm ofPar Pond through precooler Pond C.
would have occurred without pumping activi

From November 1961 to June 1964, both P- and ties.

R -Reactors discharged heated effluentto Par

Pond: R -Reactor to the North Arm via pre
Thenaturalmorphometry of southern portions

cooler Pond B , and P-Reactor to theMiddle
ofPar Pond was altered by earth -moving activi

Arm via a series of precooler ponds and Pond C ties during the creation of the impoundment,

(Du Pont 1987b). In July 1964 the Atomic En
which resulted in level areas near the pum

ergy Commission suspended operations of
phouse (the Intake Arm ) and noticeably steep

R -Reactor and placed it on standby. After 1964, slopes on the east side of the reservoir near the

Par Pond received thermal effluent only from
Hot Dam (Du Pont 1987b ). The construction

P -Reactor, and Pond B never again received
activities did notsignificantly change the North

heated discharge.
Arm , which as a result is more riverine and

shallow .

Pumphouse No. 6 (see Figure 4-32 ) in the west

arm (Intake Arm ) of Par Pond allowed recircu Pond B is a 200-acre (0.8 square kilometer)res

lation of water from Par Pond to P - Area where ervoir 2 miles (3 kilometers)northwest of Par

it mixed (in the 186 -Basins) with makeup water Pond (see Figure 4-25). From 1961 to 1964,

pumped from the Savannah River. During reac Pond B wasthe precooler pond for R -Reactor

tor operations, recirculating water flowed
cooling water effluent. After the R -Reactor

through the reactor heat exchangers, where it
shutdown in 1964, Pond B had significantly

reached temperatures of approximately 158° F lower concentrations of total phosphorus, ni

(70 ° C ), and discharged through a series of pre trate, silica, potassium , magnesium , calcium ,

cooler ponds and canals into Pond C (Du Pont sodium , chloride, inorganic carbon, and total

1987b). Heated coolingwater from Pond C dissolved solids in the euphotic zone than Par

passed through a concrete culvert below an
Pond (Du Pont 1987b). The higher solids and

earthen dam (Hot Dam ) from the bottom of nutrient levels in Par Pond were attributed to the

Pond C into Par Pond . Water lost from the Par

Pond system due to evaporation and seepage

higher levels of nutrients and suspended solids

in Savannah Rivermakeup water entering Par

was replaced by makeup waterpumped from the Pond.

River. Other than the addition of themakeup

water and the overflow and seepage to Lower Releases from R -Reactor in the form of process

Three Runs via the Cold Dam , Par Pond oper

ated as a closed loop system . At present, no

leaks, purges, and makeup cooling water con

taminated Par Pond with low levels of radioac

TE
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Figure4-32. Par Pond and environs showing full pool contourof200 feet above mean sea level

and the 195 foot contour.
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the environment from contaminants in exposed

sediments.

(except tritium ) stopped after the shutdown of

R -Reactor in 1964. Most of the cesium - 137 in

Par Pond lies in the upper 1 foot (0.3 meter ) of

fine sediments, and is concentrated in the area

of the original stream corridor. An estimated

43 curiesof cesium -137 remain , two-thirds of

which occur below the 190- foot (58-meter )

contour (DOE 1995a).

Elevated levels ofmercury were found in Par

Pond bottom sediments in the 1960s. An esti

mated 40 pounds (18 kilograms) ofmercury

were in Par Pond water, sediments, and biota in

the early 1970s (Newman and Messier 1994),

approximately half of which DOE assumed to

have come from Savannah River water and half

from natural sources (i.e., soils inundated when

the reservoir was filled). The sources ofmer

cury in the river water were industrial and

manufacturing operations upstream of the SRS

that discharged mercury-laden wastes to the

River. With the implementation of the Clean

Water Act and National Pollutant Discharge

Elimination System regulations in themid

1970s, these industries dramatically reduced

levels of pollutants in their permitted dis

charges. Levels ofmercury entering SRS water

bodies with river water showed a corresponding

decline (Newman andMessier 1994).

The Environmental Assessment for the Natural

Fluctuation ofWater Level in Par Pond and Re

duced Water Flow in Steel Creek Below L -Lake

at the Savannah River Site (DOE 1995a)de

scribed the impacts of the 1991 to 1995 draw

down ofPar Pond and the expected impacts of

allowing the surface-water levelofPar Pond to

fluctuate from a full pool of approximately

200 feet (61.0 meters) to 195 feet (59.4 meters).

This documentdetermined that there would be

three basic impacts: ( 1) instability in the littoral

zone of the reservoir, (2 ) exposure ofup to

500 acres (2 square kilometers) of contaminated

sediments in the lakebed at the 195 - foot

(59.4 -meter) elevation , and (3) loss of nutrient

inputs to the reservoir. However, in a Finding

of No Significant Impact (DOE 1995b ), DOE

concluded thatthe proposed action (a compo

nent ofwhich was the natural fluctuation ofthe

water level in Par Pond) was not a major Fed

eral action " significantly affecting the quality of

the human environmentwithin themeaning of

the National Environmental Policy Act.”

4.3.1 GEOLOGY AND SOILS

4.3.1.1 Affected Environment

This section identifies the geologic and soil

features of the Par Pond area that the alterna

tives described in this EIS could affect. Sec

tion 4.1.1 describes the regional geology and

soils.

TE 4.3.1.1.1 Stratigraphy

An inspection ofthe Par Pond Dam in March

1991, led to the discovery of a small depression

in the downstream face of the dam (DOE

1995a). DOE ordered a structural study of the

dam and subsequently initiated a precautionary

drawdown of the reservoir. During the June to

September 1991 period, Par Pond was lowered

from 200 feet (61.0 meters) to 181 feet

(55.2 meters) abovemean sea level, reducing its

volume by approximately two -thirds (DOE

1995a). The drawdown exposed some

1,340 acres (5 square kilometers) of lakebed ,

roughly half the normal surface area of the res

ervoir (Marcy et al. 1994). In 1995 after dam

repairs were completed, the reservoir was re

filled under a Comprehensive Environmental

Response, Compensation , and Liability Act in

terim action to reduce risks to human health and

By analyzing the geologicmap of the site,itcan

be determined that the Tobacco Road Formation

outcrops along approximately 60 percent of the

western side of Par Pond and the Dry Branch

Formation outcrops along the upper reaches of

the lake. Section 4.1.1.1 describes these forma

tions that could be affected (Prowell 1994).

TESTC
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4.3.1.1.2 Soils TE
DOE shut P -Reactor down (Paller and Wike

1996a).

The following soils occur commonly in the area

west of Par Pond (see Figure 4-9) (USDA

1990 ) :

4.3.2.1.1 Water Quality

Blanton sand, 0 to 6 percentslopes (BaB )

Fluvaquents, frequently flooded (Fa)

Fuquay sand, 2 to 6 percent slopes (FuB )

Because watershed contributions to Par Pond

(through rainfall andnatural drainage) are con

siderably lower in nutrients than water pumped

from the Savannah River, the addition of water

to Par Pond through the River Water System re

sulted in nutrient enrichment. On the basis of

its water chemistry and biological community

characteristics, Par Pond is an oligotrophic to

mesotrophic lake (reservoir).

4.3.1.2 Environmental Impacts

4.3.1.2.1 No Action

The erosion or deposition ofsoil and surface

formations is likely to continue at the current

rates. P -Reactor area is not operational. No

contamination of geology or soils at Par Pond

would occur since there is no active outfall.

TE

A comprehensive biologicalmonitoring pro

gram conducted from November 1985 to De

cember 1992 investigated the L -Lake/Steel

Creek System . During the latter part of this

study, from 1990 to 1992, DOE used one sam

pling location on Par Pond, near the dam , for

data comparison . The 1990-1992 water quality

data from this location reflect post-reactor op

eration conditions, as listed in Table 4-48 (Wike

et al. 1994 ) .

4.3.1.2.2 ShutDown and Deactivate

TE

TE

IfDOE deactivated the River Water System , Par

Pond would no longer have the capability to re

ceive river water. Soils are already known to be

contaminated at Par Pond. DOE believes natu

ral fluctuations willmaintain lake levels above

195 feet (59.4 meters) above mean sea level

through recharge by groundwater. Without the

River Water System , DOEwould not be able to

refill Par Pond.

TC

In 1991 the water level of Par Pondwas reduced

from its historic level of 200 feet (61 meters)

abovemean sea level to 181 feet (55.2 meters)

above mean sea levelbecause of a defect in the

Par Pond Dam . The drawdown began in June

1991 and thewater level reached 181 feetby

September 1991. DOE repaired the dam and

refilled Par Pond to its previous level in early

1995. Par Pond was extensively studied before,

during, and after the drawdown, resulting in the

generation of considerable information on con

taminant levels in the ecosystem and ecological

changes resulting from the drawdown.

4.3.1.2.3 ShutDown and Maintain

The impacts discussed above for the ShutDown

and Deactivate Alternative would apply to this

alternative. However, if Par Pond levels fell

below the 195- foot (59.4 -meter) level, DOE

could restart the RiverWater System to refill

the lake.

4.3.2 SURFACE WATER

4.3.2.1 Affected Environment

In February 1995 DOE began biweekly sam

pling to monitor changes in water chemistry

during the refilling of Par Pond to its full pool,

approximately 200 feet (61meters) abovemean

sea level. The sampling program measures and

monitors parameters and constituents that could

quickly indicate impending anoxia (oxygen de

pletion ) or eutrophication (nutrient enrichment).

ParPond was a cooling water reservoir for P

and R -Reactors until 1964,when DOE shut

R -Reactor down (Wilde 1985). It continued to

receive heated cooling water until 1988, when
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EPA 1995). However, the highestmercury con

sediments. Thehighestmercury concentrations
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TE Table 4-48. Water quality parameters for Par Pond near the dam (January 1990-December 1991).

Mean
Item

Range
Number of samples

18.1 8.5-31 96

Water temperature (°C )

6.33 5.54-7.25 84

рн

6.01
Dissolved oxygen (mg/l)

0.02-11.6 96

70.0 46-126 96

Specific conductance (umhos/cm )

2.02
Total suspended solids (mg/l)

0-10 96

14.6
Alkalinity (mgCaCO3/1)

6.73-40.3 96

5.73
Chloride (mg/l)

3.25-8.0 28

Sulfate (mg/l)
4.62 3.6-7.8

28

Total calcium (mg/l)
3.42 2.44-4.72

28

Totalmagnesium (mg/l)
0.84 0.593-1.04

Total sodium (mg/l)
6.15

3.07-9.05 28

Totalpotassium (mg/l)
1.04 0.54-1.38 28

Total aluminum (mg/l)
0.032 0.006-0.109 28

Total iron (mg/l)
0.517 0.015-3.63 28

Totalmanganese (mg/l)
0.251 0.006-137

28

Total phosphorus (mg/l)
0.032 0.008-0.28 1,000

Ortho-phosphate (mg/l)
0.007 0-0.238

999

TotalKjeldhalNitrogen (mg/l) 0.302 0-1.03 1,000

Ammonia (mg N /1) 0.046 0-0.891 1,000

Nitrite (mg N / ) 0.003 0-0.026 1,000

Nitrate (mg N /1) 0.073 0-0.385 999

Results of the sampling through September
Mercury , a toxic metal,was presentin detect

1995 indicated that dissolved oxygen and nutri
able concentrations at 20 percent of the sample

ent concentrations generally remained within
sites ; elevated levels ofmercury have accumu

the range expected for southeastern reservoirs
lated in sediments from pumping waterfrom the

(Koch, Martin , and Westbury 1996 ). Savannah River. The average concentration,39

parts per billion ,was below the EPA Region IV

In September 1995 DOE collected sediment and
sedimentscreening value (130 parts per billion;

water samples as partofa study thatincluded an

investigation of contaminant levels in Par Pond

sediments and water, and how the drawdown

centration,323 parts per billion , exceeded the

and refill affected contaminan
t
levels. The

EPA Region IV screening value for mercury in

sediment sample analyses included totalmer

cury , while the water sample analyses included

occurred in deeper portions of Par Pond.

totalmercury and EPA target analyte listmetals

(Paller andWike 1996a).
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In addition , surface sediment samples were col

lected in Par Pond to assess the potential eco

logical effects of contaminants in Par Pond

sediments (Paller and Wike 1996b). Although

themaximum detected value exceeded the EPA

Region IV screening level, the average concen

tration (77 parts per billion ) did not.

TC

Outfall P -19, which normally discharges to Par

Pond, to NPDES Outfall P -13, which discharges

to the headwaters of Steel Creek above L -Lake .

The currentprimary effluents to Outfall P - 19

are the P -Area 186 -basin overflow (pumped

river water), nonprocess cooling water, building

drains, and stormwater.

None of themetals measured in Par Pond water

samples exceeded EPA Region IV acute toxicity

screening values for surface waters (EPA 1995).

However, the detection limits for beryllium ,

cadmium , lead,mercury, and silver were not

low enough to ensure thatthese metals were

below EPA Region IV surface-water chronic

toxicity screening values.

Data collected before and after the Par Pond

drawdown and refill suggest the refill had little

effect on contaminant levels in the aquatic eco

system . There was no evidence of long-term re

suspension of contaminants in the water or of

extensive redistribution of contaminants as a re

sult of sedimentmovements (although localized

downslopemovements ofcontaminants on the

exposed shoreline during the drawdown remain

a possibility (Paller and Wike 1996a)].

Although DOE discontinued reactor operations

in 1988, it pumped river water through Outfall

P -19 to Par Pond until January 1996 (except

during the Par Pond dam repairs) at 7 to 10 cu

bic feet(0.2 to 0.3 cubic meter) per second to

maintain historic water levels . Since January

1996 , thewater levelhas fluctuated naturally

and has not decreased below 199 feet (60.7 me

ters ) (Sidey 1996 ). Initialmodeling exercises

indicated that, without river water contributions,

levels in Par Pond would fluctuate seasonally

with rainfall, runoff, and evaporation , with pool

levels ranging from 197 to 199 feet (60.1 to

60.7 meters ) abovemean sea level (DOE

1995a);however, these exercises had someun

certainty due to assumptions they made about

the groundwater system at Par Pond. Due to a

lack of information of the hydrologic system in

the area, the analysis assumed formodeling

purposes that net groundwater flow into the

pond was zero (i.e., flow in equals flow out).4.3.2.1.2 Water Quantities

Par Pond has a mean depth of approximately

20 feet (6.2 meters ), a maximum depth of ap

proximately 59 feet (18 meters) near the dam , a

shoreline length of approximately 33 miles

(53 kilometers), and a storage volume of ap

proximately 52,800 acre- feet (65 million cubic

meters) at an elevation of approximately

200 feet (61meters) abovemean sea level

(Wilde 1985 ).

Subsequently , DOE conducted a water balance

study of the Par Pond hydrologic system to es

timate the rate of groundwater flow to Par Pond.

The results of the study suggest that Par Pond

gains water from the groundwater system in its

upper reaches but loses water to the groundwa

ter system near the dam . The rate of groundwa

ter flow from the water table aquifer into Par

Pond was 13 cubic feet (0.37 cubic meter) per

second. The rate of flow from Par Pond to the

water table aquifer near the dam was 7 cubic

feet (0.2 cubic meter) per second . This results

in a net groundwater flow of 6 cubic feet

(0.2 cubic meter) per second from the aquifer to

Par Pond. Table 4-49 lists the water budget

components
that representactual flows in or out

ofPar Pond (Hiergesell and Dixon 1996 ).

4.3.2.1.3 Water Usage

TE
TE

In January 1996 DOE stopped pumping river

water to Par Pond to enable water levels to

fluctuate naturally between a full pool of ap

proximately 200 feet (61meters) and 195 feet

(59.4 meters) abovemean sea level. DOE ac

complished this by diverting flows from Na

tional PollutantDischarge Elimination System
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Table 4-49. Inflow and outflow terms (cubic feet per secsecond).a,b

Inflow TermsTE

Long-term average flux rate

13

11

Water budget component

Precipitation over Par Pond

Surface runoff entering Par Pond

Groundwater seepage into Par Pond

Long-term average canal inflow to Par Pond

Total

13

23

60

Outflow Terms

Long-term average flux rate

13

Waterbudget component

Evapotranspiration from Par Pond

Seepage loss to groundwater

Spillway discharge

Total

7

40

60

a . Source : Hiergesell and Dixon (1996) .

b . To convert cubic feet to cubic meters,multiply by 0.02832.

Using the water balance results, data on Par

Pond water levels with 5,000 gallons per minute

(0.32 cubic meters per second) continuous re

lease and a full poolof200 feet (61 meters )

abovemean sea level indicate that the reservoir

remains above 197 feet (60.2 meters) above

mean sea levelmore than 95 percentof the time,

based on the revised model predictions

(Gladden 1996a).

199 feet (60.7 meters) since January 1996 , it

could fluctuate by as much as several feet in re

sponse to seasonal changes in rainfall and

evaporation . Considerable research on the ef

fects of fluctuating water levels in reservoirs

indicates that fluctuations are not harmful and

might even be beneficial if they are not extreme

and match the fluctuations generally character

istic ofa normal hydrological cycle (i.e., high in

spring and low in late fall and early winter).

Fluctuations in the Par Pond water level would

follow natural patterns. Under this alternative,

DOE would maintain the capability to resume

river water inputs to Par Pond ifwater levels

dropped below 195 feet (59.4 meters ).

4.3.2.2 Environmental Impacts

4.3.2.2.1 No Action

There would be no impacts to Par Pond surface

water resources ifDOE decided to implement

the No-Action Alternative. The SRS ceased

riverwater inputs to Par Pond in January 1996

and allowed the water level to fluctuate natu

rally from its current actual full pool level of

approximately 200 feet (61meters ) abovemean

sea level. DOE allowsthewater level to fluc

tuate from a fullpool of approximately 200 feet

to 195 feet (59.4 meters). Although the Par

Pond water level has not decreased below

The cessation of river water inputs has resulted

in the reduction of nutrients entering Par Pond

from the Savannah River. The reservoir is

likely to changefrom amoderately productive

state to a water body thatmore closely resem

bles typicalsoutheastern reservoirs that do not

experience substantialnutrient input (DOE

1995a ).
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4.3.2.2.2 Shut Down and Deactivate

Surface -water impacts under this alternative

would be the sameas those discussed for No

Action except DOE would lose the capability to

restart the river water pumps and refill Par Pond

to an appropriate level if one of themonitored

indicator values (e.g., a water quality parameter

or a biotic index ) exceeded established thresh

old levels .

aquifer in the Par Pond area are also limited and

sitewide data are used here aswell (Table 4-2).

Water from Par Pond recharges both aquifers

below the dam . Therefore, water in Par Pond

does not directly affect the first confined aqui

fer. According to assumptions used in Hierge

sell (1996 ), there is a leakage from Par Pond

through thewater table aquifer and into the first

confined aquifer. Based on a review ofhydros

tratigraphic cross sections and maps (Aadland ,

Gellici, and Thayer 1995), groundwater is ap

parently not connected (i.e., a groundwater

mound exists between lakes) between Par Pond

and L -Lake aquifers.

4.3.2.2.3 Shut Down andMaintain

Surface-water impacts to Par Pond under this

alternative would be the sameas those discussed

for No Action .
Groundwater Quality and Usage

4.3.3 GROUNDWATER

TEThis section describes the site- specific ground

water conditionsnear the Par Pond aquifers.

The quality of groundwater has been adversely

impacted in P- and R -Areas west of Par Pond

(WSRC 1996e). However, the extent of that

impact is not fully known and is under investi

gation . The SRS does not use the water table

aquifer or first confined aquifer in the area of

Par Pond.

4.3.3.1 Affected Environment

Aquifer Units

4.3.3.2 Environmental Impacts

4.3.3.2.1 No Action

Section 4.1.3 discusses the regional hydrogeol

ogy . The water table aquifer discharges along

the edgesof Par Pond (Hiergesell 1996 ). Based

on a review ofWell No.P24 on cross sections

(Aadland,Gellici, and Thayer 1995 ), the first

confined aquiferoccurs at approximately

100 feet (30 meters) above mean sea level and

approximately 100 feet below the mean reser

voir water elevation .

Currently , Par Pond receives no River Water

System outfall discharges. Therefore, the River

Water System has no current effect on either

aquifer in the vicinity of Par Pond. By continu

ing the operation of the River Water System ,

DOE doesnot anticipate any future effects on

either aquifer at Par Pond .

Groundwater Flow

4.3.3.2.2 ShutDown and Deactivate

The water table aquifer flows away from P-Area

(west to east) (see Figure 4-12) and discharges

to the west side of Par Pond. Specific hydraulic

properties for the water table aquifer are limited

in the Par Pond area, so Table 4-1 uses sitewide

hydraulic properties ofthe water table aquifer.

According to the pontentiometric surface map

ofthe first confined aquifer (Figure 4-12),

groundwater flows in a south/ southeast direc- |TE

tion below and away from Par Pond. Data on

the hydraulic properties of the first confined

The outfall from the River Water System does

not currently contribute to the groundwater in

either aquifer at Par Pond. Therefore , the

groundwater flow rates, flow direction, and wa

ter quality in both aquifers would notbe af

fected by a shutdown alternative. The overall

groundwater contribution to the lake elevation

would remain essentially constant,and there

would be no change in the current groundwater

contribution from Par Pond to the water table
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aquifer and the first confined aquifer in Lower

Three Runs.

4.3.3.2.3 Shut Down and Maintain

The impacts described in Section 4.3.3.2.2

would also apply to this alternative.

TC

4.3.4 AIR RESOURCES

DOE used theMEPASmodel to estimate

quantities of resuspended particulates originat

ing from exposed sediment (Droppo et al.

1995), incorporating joint frequency wind data

from the L - Area wind tower for the period from

1986 to 1991 (Simpkins 1996a). Data from the

L - Area tower is representative ofParPond due

to its proximity . The algorithm used by

MEPAS to calculate the particulate emission

factor has a parameter for the frequency of dis

turbances to the dried shoreline sediment. For

conservatism , a factor of 30 disturbances per

TE

month was used by DOE to estimate a worst

case particulate emission rate. By using a factor

of 30 disturbances per month , the 24-hour pe

riod of interest is modeled .

4.3.4.1 Affected Environment

DOE assumes that the climate,meteorology,

and ambient air quality for Par Pond are

equivalent to those for the SRS, which are dis

cussed in Section 4.1.4.1.

4.3.4.2 Environmental Impacts

4.3.4.2.1 No Action

TC

DOE is allowing the level of water in Par Pond

to fluctuate , as discussed in Section 4.3.2.2.2 .

The estimated lowestwater elevation for Par

Pond is 197 feet (60 meters) abovemean sea

level, which could expose up to 340 acres

( 1.4 square kilometers) of sediment (Gladden ,

Paller, andMackey 1995). Winds could cause

the exposed sediment to becomeresuspended as

airborne particulates.

Table 4-50 lists themaximum concentration in

air of nonradiological constituents at the bound

ary of the SRS. Included in the table is a col

umn that shows themaximum allowable

concentrations established by the South Caro

lina DepartmentofHealth and Environmental

Control (SCDHEC 1976). As can be seen from

the table , the resuspension of particulate matter

from Par Pond produces only minimalconcen

trations by comparison to the allowable concen

tration .

Table 4-50. Maximum ground-level concentrationsof nonradiological air constituents at the SRS

boundary under the No-Action Alternative.

Modeled maximum air Maximum allowable

Nonradiological concentration concentrationb

constituent
(ug/m3) (ug/m3)

Manganese
2.5 x 10-6 1.0

TC Mercury
1.2 x 10-6 0.25

PM10
15 50 (annualaverage)

150 (24-hour average)

a .
DOE assumed 30 disturbances per month (i.e., once per day) of the lakebed so that the calculated air concen

tration is an upper bound ofthe concentration over any time period (e.g.,week,month, year).

b . Source: SCDHEC (1976).

PM10 is particulate matterwith a diameter of 10 microns (0.00001 m ) or less.
c .
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tion 4.3.4.2.1 discusses potential impacts to

ambient air quality due to this natural fluctua

tion .

The estimated airbornemaximum SRS bound- ITC

ary -line concentrations of radionuclides result

ing from the resuspension of dried lakebed

sediments would be 1.63 x 10-4 and 6.0 x 10-7

picocurie per cubic meter for cesium -137 and

cobalt-60,respectively . These concentrations

representa radiological dose (from all pathways

originating with air dispersion) of 6.5 x 10-3

millirem per year and 9.8 x 10-6 millirem per

year, respectively . Both of these doses, as well

as the sum of the doses, are much less than the

10 millirem requirement of40 CFR 61 and

would not contribute any appreciable dose the

normal site emissions from the SRS.

The primary contaminants in L -Lake, Par Pond,

and the streamswould be radionuclides and

metals. No organic contaminants would be pre

sent in the lakebed or the floodplain at levels

that are close to EPA Region IV risk -based con

centrations,which DOE is using as screening

levels at SRS (DOE 1996c).

TC

There would beminimal impacts to the ambient

air quality as a result of the continued operation

of the River Water System .

4.3.4.2.2 Shut Down and Deactivate

4.3.4.3.2 Shut Down and Deactivate

The effects of this alternative would be the same

as those described in Section 4.3.4.2.1. Impacts

to the existing SRS ambient air quality would be

minimal.

4.3.4.2.3 Shut Down and Maintain

The shutdown and deactivation of the River

Water System could cause the level ofwater in

L -Lake to recede as discussed in Sec

tion 4.1.2.2.2 and becomecompletely dry over a

period ofseveral years. In addition , Par Pond

could recede from its current level to an esti

mated lowestwater elevation of 196 feet

(58.8meters) abovemean sea level, which

would expose as much as 340 acres ( 1.4 square

kilometers) of sediment (Gladden , Paller, and

Mackey 1995).

TC

The effects of this alternative would be the same

as those described in Section 4.3.4.2.1. Impacts

to the existing SRS ambient air quality would be

minimal.

4.3.4.3 Combined Impacts of L -Lake, SRS

Streams, and Par Pond

4.3.4.3.1 No Action

For streams, the flows would return to natural

base levels. As discussed in Section 4.1.6.2.2 ,

the reductions in stream flow are not likely to

result in exposed sediment. Sediment that is

covered with water or vegetation could not be

comesuspended by air currents and, therefore ,

no impacts are likely .

The continued operation of the River Water

System would haveminimal impact on the ex

isting ambient air quality at the SRS. DOE

would maintain L -Lake and the streams at their

current levels , and the potential for exposed

sediments to become airborne would be mini

mal. Section 4.1.4.1 discusses releases of trit

ium due to the presence of L -Lake. DOE

expects Par Pond to fluctuate naturally between

a full pool level and a modeled low of 196 feet

(58.8 meters) abovemean sea level (Gladden

1996a), which could expose asmuch as

340 acres ( 1.4 square kilometers) of sediment

(Gladden , Paller,and Mackey 1995). Sec

TC

Table 4-51 lists the maximum concentration in

air of nonradiological constituents at the bound

ary of the SRS. Included in the table is a col

umn that shows themaximum allowable

concentrations established by the South Caro

lina DepartmentofHealth and Environmental

Control (SCDHEC 1976 ). As can be seen from

the table, the resuspension of particulate matter

from L -Lake and Par Pond is wellbelow the

allowable concentration .

TC
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Table 4-51. Maximum ground -level concentrations ofnonradiological air constituents at the Savannah

River Site boundary under the ShutDown and Deactivate Alternative.

Modeled maximum air Maximum allowable

Nonradiological concentrationa
concentrationb

constituent (ug/m3) (ug/m3)

Antimony
8.6 x 10-6 2.5

Arsenic 2.2 x 10-5 1.0

Beryllium 2.9 x 10-6 0.01

Cadmium 1.3 x 10-6 0.25

Lead 1.8 x 10-5 1.5 (calendar quarter average )

Manganese 2.6 x 10-6 25

Mercury 1.2 x 10-6 0.25

PM10 16 50 (annual average)

150 (24-hour average)

DOE assumed 30 disturbances per month ( i.e., once per day) ofthe lakebed so that the calculated air concen

tration is an upper bound of the concentration over any time period (e.g., week,month ,year).

b . Source: SCDHEC (1976 ).

PM10 is particulate matter with a diameter of 10 microns (0.00001 m ) or less.

Table 4-52 lists themaximum concentration in 4.3.4.3.3 Shut Down and Maintain

air of the radiological constituents at the bound

ary of the SRS . A column also is included in
The combined effects of this alternative would

the table that shows the radiation dose resulting be the same as those described in Sec

from annual exposure to this concentration of tion 4.3.4.3.2 . Increases in concentrations of

material. This radiation dose was calculated for PM10 , air toxics, and radionuclides would be

all potential exposure pathways ( e.g., ingestion within both State and Federal regulatory guide

ofvegetation, direct exposure to radiation ) that lines.

are the result ofmaterial being suspended and

transported to the site boundary . These doses 4.3.5 ECOLOGY

are much less than the 10 millirem per year re

quirement in 40 CFR 61. The Environmental Assessment for the Natural

Fluctuation ofWater Level in Par Pond and Re

A benefit to the environment would be the re duced Water Flow in SteelCreek below L-Lake

duction of fugitive evaporative tritium emis atthe Savannah River Site (DOE 1995a)de

sions from the L -Lake surface water. The scribes the impacts ofthe 1991-1995 drawdown

maximum calculated reduction in airborne trit of Par Pond and the expected impacts of allow

ium concentration would be 0.073 picocurie per ing the surface water levelofPar Pond to fluc

cubic meter. tuate naturally from a full pool of approximately

200 feet (61 meters) to 195 feet (59.4 meters).

The combined effects of the shutdown and de

activation of the River Water System would

The alternatives considered in this EIS would

allow Par Pond to fluctuate naturally. They dif

haveminimalimpact on the ambient air quality

at SRS.

fer only to the extentthat DOE would maintain

the operability of the River Water System . The

actions considered in this EIS,in relation to Par

TC
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Table 4-52. Maximum ground- level concentrations of radiological air constituents atthe SRSboundary

under the ShutDown and Deactivate Alternative.

Modeled maximum air

Radiological concentrationa Dose from all pathways

constituent
(pCi/m3) (mrem /yr)

cesium - 137 1.6 x 10-4 6.5 * 10-3

cobalt-60 6.1 x 10-7 1.0 x 10-5

plutonium -239 3.7 x 10-8 3.5 x 10-5

TC

promethium - 146 7.9 x 10-9 9.5 * 10-9

uranium -233 9.6 x 10-7 9.3 x 10-5

thorium -229 4.5 x 10-9 4.7 x 10-6

radium - 225 4.5 x 10-9 1.8 x 10-7

actinium -225 4.5 x 10-9 3.0 x 10-8

a .
DOE assumed 30 disturbances permonth (i.e., once per day ) of the lakebed so that the calculated air concen

tration is an upper bound of the concentration over any timeperiod (e.g., week ,month, year).

4.3.5.1 Affected Environment

4.3.5.1.1 Terrestrial Ecology

L7-04

uptake and retention of cesium -137 in birds

[wood ducks (Aix sponsa), coots (Fulica ameri

cana),mourning doves (Zenaidamacroura ),

and domestic chickens (Gallus gallus )] foraging

and nesting in the Par Pond area . These studies

concluded thatwhile the birds' bodies often

contained elevated levels ofcesium - 137,these

levels are “ ...below those expected to affect

hatchability or any other aspect of the breeding

biology of these birds” (Kennamer,McCreedy,

and Brisbin 1993 ) and “ ...do not indicate any

present health hazard to the general public who

may use them for food” (Brisbin ,Geiger, and

Smith 1973). Moreover, these species (all of

which , exceptthe chicken , aremigratory ) rap

idly lose accumulated radiocesium when they

move to uncontaminated areas due to their small

body sizes and high basalmetabolic rates. Total

elimination time of a given body burden of ce

sium -137 may be as little as 12 to 15 days in the

mourning dove and 30 days in the larger wood

duck (Kennamer et al. 1997).

Gibbons and Semlitsch ( 1991) provide informa

tion on the distribution and abundance ofSRS

amphibians and reptiles, including those occur

ring in the Par Pond area. Wike et al. ( 1994)

contains useful information on the birds of the

SRS,with special emphasis on waterfowl and

threatened and endangered species (the red

cockaded woodpecker, bald eagle, and wood

stork ). Section 4.3.5.3 of this EIS describes

these threatened and endangered species and

their relative abundance and distribution on the

SRS. Cothran et al. (1991) contains information

on SRSmammals, including those ofthe Par

Pond system . Gibbons et al. (1986 ) presents

useful information on the distribution and abun

dance of semiaquaticmammals (e.g., themusk

rat and beaver) in the Par Pond area.

L7-05

L7-04

A number of researchers (Brisbin , Geiger, and

Smith 1973;Kennamer,McCreedy, and Brisbin

1993; Colwell,Kennamer, and Brisbin 1995;

Peters, Brisbin , and Kennamer 1995) have in

vestigated patterns of radiocesium contamina

tion in Par Pond and Pond B and evaluated the

L7-05

Burger et al. (1996 ) examined concentrations of

metals (mercury, lead, cadmium , selenium ,

manganese , and chromium ) in tissues of

mourning doves that foraged on herbaceous

vegetation growing in the Par Pond lakebed in

L7-04

L7-05
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from fish predation. Aswith the phytoplankton,
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1992 and 1993. Doves from Par Pond had sig berlain 1970; Hoppe , Smith , and Wester 1986).

nificantly higher levels of selenium and manga Other species, such as lesser scaup and ruddy

nese in muscle tissue than doves from control
ducks, feed on small invertebrates (snails,

sites outside SRS. For allmetals,however,
clams, and mussels) in deeper Par Pond waters

concentrations in doves from Par Pond and (Hoppe, Smith , and Wester 1986 ; Bergan and

control siteswere generally within the lower
Smith 1989)

range of those reported in the literature, suggest

ing that those metals do not pose a health prob The drawdown appeared to have little lasting ef

lem to the doves or to animals (including

fect on adult alligators, but the loss of cover ap

humans) who might consume them .
peared to have reduced alligator nesting success

and juvenile survival. The drawdown had no

Aerial surveys of the Par Pond system con
noticeable effect on bald eagle use ofPar Pond.

ducted from 1981 to 1985 revealed that 20 wa
As in years past, Par Pond was used extensively

terfowl species spent someportion ofthe fall by foraging and roosting bald eagles. The rapid

winter period in the Par Pond system (Wike et
drawdown of Par Pond in 1991 stranded fish in

al. 1994). Over the 4- year period,waterfowl
shallow pools,making them easy prey for wad

use of the Par Pond system increased , while
ing birds, including the endangered wood stork .

midwinter numbers declined in South Carolina
As a result, there was a marked increase in the

and the Atlantic flyway. Lesser scaup (Aytha number of wood storks foraging around the

affinis) weremostnumerous, followed by
margins of Par Pond (DOE 1995a). Surveys of

ring-necked ducks ( A. Collaris), ruddy ducks
Par Pond in 1992, 1993, 1994, and 1995 indi

(Oxyura jamaicensis), and buffleheads
cated that wood stork use ofPar Pond had re

(Bucephala albeola ). Three of the four species turned to normal, with storks observed

showed a preference for areas unaffected by re occasionally foraging in the area .

actor operations, while ruddy ducks were fre

quently observed in areas receiving heated 4.3.5.1.2 Aquatic Ecology

effluent from P -Reactor. Recentsurveys con

ducted by Savannah River Ecology Laboratory
The aquatic ecology of Par Pond was studied

scientists suggest that waterfowl use of Par
intensively from January 1984 through June

Pond has remained high.
1985 as part of a Clean Water Act Section

316 (a ) thermal effects demonstration. It sup

The drawdown ofPar Pond decimated many ported a diverse phytoplankton community;

beds ofmussels and clamsthatwere stranded green algae had the most taxonomic representa

when the reservoir waters receded (DOE tion, followed by the diatoms and blue-green al

1995a). Although many freshwatermollusks gae (Chimney, Cody, and Starkel 1985). In

can survive for severalmonthsby burrowing in terms ofdensity, diatomswere themost abun

mud ormoist soils (Pennak 1978) , they cannot dant algal group. In terms of primary produc

survive longer periodsoutofwater, from which tivity, chlorophyll-a concentrations, and algal

they derive food and oxygen . The loss of mus community composition , Par Pond was similar

sels and clams resulted in reduced use of Par to other lakes in the southeastern United States.

Pond by waterfowl in the winter of 1991-1992

(DOE 1995a). Several duck species that tradi Protozoans and rotifers were the numerical

tionally winter on Par Pond (e.g., ring-necked dominants ofthe zooplankton community,with

ducks and bufflehead) feed on plantmaterial

and mollusks in areas where emergent vegeta

protozoansmore abundant in the winter and

spring, and rotifers in the summer (Chimney,

tion is growing, particula
rly when preferred Cody, and Starkel 1985). Larger-bodied clado

plant foods (such as wild celery, smartwe
ed

,

widgeon grass,waterlily, buttonbus
h

,and

cerans and copepods were most abundant in the

pondweed) are not abundant (Spruntand Cham

summer, indicating a lack of strong pressure
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the zooplankton community in Par Pond was (Nelumbo lutea), waterlily (Nymphaea odorata ),

similar to other southeastern systems. and watershield (Brasenia schreberi); emergent

wetlandswere dominated by cattail (Typha spp.)

Par Pond received additionalzooplankton study and maidencane (Panicum hemitomon ); and the

as part of the last 3 years (1990 through 1992) scrub -shrub areas were dominated by willows

of the Clean Water Act Section 316( a ) thermal (Salix spp.), sweet gale (Myrica spp.),andma

effects demonstration for L -Lake (Gladden et al. ples (Acer spp.) (Grace 1985).

1989; Bowen 1993a). It is difficult to infer

changes in the Par Pond community between In March 1991 DOE discovered a depression on

1985 and 1990 from the presentation ofdata in the downstream slope ofthe Par Pond dam

Bowen (1993a), butprotozoan densities varied (Cold Dam ). While determining whether re

widely from 1990 to 1992; they were often pairs were needed, DOE lowered the lake level

similar and sometimes higher than the proto approximately 19 feet (5.8 meters) for safety

zoan densities in L -Lake. reasons. As a result, both the emergent and

nonemergent littoralwetland vegetation were

Fish populations were temporarily affected by exposed to drying conditions, and extensive

the Par Pond drawdown,which reduced spawn macrophyte losses occurred . Surveys conducted

ing and nursery habitat formany species and in in August 1992 indicated that some reinvasion

creased predation on small forage species (e.g., was occurring on the newly exposed shoreline.

brook silverside (Labidesthes sicculus), golden For themost part, grasses, sedges, and rushes

shiner (Notemigonus crysoleucas), and Notropis were the dominant forms, and someold - field

species ) and young-of-the-year sunfish that use species had also taken root (Wike et al. 1994).

littoral zonemacrophyte beds for escape cover.

Par Pond was restored to full poolin spring

4.3.5.1.3 Wetlands Ecology 1995, and hasremained at full pool since refill,

fluctuating only slightly . Periodic surveys of

The creation of Par Pond in 1958 flooded sev the shoreline aquatic communities have been

eral thousand acres (several square kilometers) conducted since the reservoir was refilled .

of upland habitat and riparian wetlands. Stable Shoreline aquatic vegetation is undergoing rapid

water levels in Par Pond during the first 33 redevelopment. Maidencane, the current domi

years of its existence (1958 to 1991) allowed nant emergent species, hasbecome less abun

wetland vegetation communities to develop dant in deeper water since thewater level rose .

along the shore. However, extensive beds of Several other species that dominated wetland

macrophytes along the shoreline did not develop areas of Par Pond before the drawdown are in

until themid -1970s (Wike et al. 1994). These creasing in abundance , including lotus,water

beds essentially stabilized by the early 1980s. A lily, watershield , and spike rush (Eleocharis

study of wetland vegetation at Par Pond in the equisetoides). Cattails are also scattered

mid - 1980s characterized the wetlands of Par throughoutmost ofPar Pond, and long beds are

Pond ascomprised of three classes: aquatic bed L11-19 forming in theMiddle Arm . Lotus expanded in

(floating -leaves species),emergent (herbs, 1996 into areas formerly dominated by cattails.

mosses, and ferns), and scrub- shrub (shrubs and In addition, woody species, including loblolly

trees ). Most of the wetland communities around pine (Pinus taeda), willow , and red maple, that

the lake represented moderately late colonized the reservoir's edge during the draw

successional stages (i.e.,mature vegetation
down, are declining in abundance since the re

communities) with low species diversity . Most fill, although there is a band of willow and red

areas were dominated by only a few speciesof maple around themargins of the lake (Mackey

perennial plants, with few annual species. and Riley 1996 ).

Aquatic bed regionswere dominated by lotus
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4.3.5.2 Environmental Impacts

4.3.5.2.1 No Action

Terrestrial Ecology

The Par Pond environmental assessment (DOE

1995a) predicted that a “ substantial and produc

tive” aquaticmacrophyte community would be

comeestablished when Par Pond was allowed to

fluctuate naturally ; however, this new macro

phyte community probably would be less ex

tensive and less diverse, similar to macrophyte

communities in other southeastern flood-control

and hydroelectric power reservoirs with sea

sonal water level fluctuations. Instability in the

littoral zone would result in reduced macroin

vertebrate productivity ,which in turn would re

duce the value of the littoral zone as a foraging

area for reptiles, waterfowl, shorebirds, and

mammals.

Fluctuating water levels would have little or no

effect on bald eagles, although the environ

mentalassessment noted that a slight increase in

radiocesium and mercury intake could occur as

a result of higher levels of contaminants in Par

Pond ecological receptors (e.g., small mammals

and fish ) that are prey for eagles. There is no

evidence that allowing Par Pond to fluctuate

naturally would create conditions attractive to

wood storks, because water level changes would

be gradual, allowingmost fish to move down

slopewith receding waters. As a result,wood

storks would not be exposed to higher than

normal concentrationsof contaminants in water,

sediments, and fish . Section 4.3.5.3 contains a

comprehensive assessment of potential impacts

to threatened and endangered species of shutting

down the River Water System .

Aquatic Ecology

The environmental assessment also predicted

that the number of waterfowlusing Par Pond

would increase (in relation to the 1991-1995

drawdown period) if DOE allowed the lake to

fluctuate naturally , but would be smaller than

the numbers of birds that used the reservoir

when the water wasat full pool (199 to 200 feet

above mean sea level). This predicted reduction

in waterfowluse of Par Pond was based on the

facts that (1) the reservoir would be smaller ,

providing proportionally less preferred shallow

water habitat; (2 ) the total acreage ofaquatic

macrophytes that provide waterfowlwith food

and cover would be smaller; and (3 ) the produc

tion of benthic organisms,including aquatic in

sect larvae andmollusks that are important

foods for diving ducks, would be reduced by the

instability of the littoralzone.

The environmental assessment (DOE 1995a)

noted that Par Pond had received continuous in

fusions of nutrients formore than 30 years
and

predicted that a reduction in nutrient inputs

would result in the developme
nt ofaquatic

communitie
s

(i.e., plankton and fish ) thatmore

closely resemble those of typical southeastern

reservoirs that do not receive substantial nutri

ent inputs . The environmen
tal assessment

pointed out that a reduction in one nutrient, po

tassium , could lead to increased levels of ce

sium - 137 in aquatic organisms. In the absence

of potassium , aquatic organisms readily take up

cesium ,which cells acceptaspotassium because

of its chemical similarity .

The environmental assessment suggested that

fluctuating water levels would not be disruptive

to normalmovement and behavior of adult alli

gators, but the loss of shoreline stability and

cover could affect reproductive success and ju

venile survival. These impacts probably would

lessen over thenextseveral years as shoreline

macrophyte communities become reestablished .

The environmental assessmentpredicted that

fish populationswould be reduced by fluctuat

ing water levels and reduced nutrient inputs

when pumpingof river water was discontinued.

Fluctuating water levels could hinder the repro

duction ofspecies (e.g., yellow perch and chain

pickerel) thatspawn in shallow ,weedy areas,

and would be particularly harmful if reservoir

levels dropped precipitously during sensitive

periods (e.g., soon after eggs are deposited in

beds in shallow water).
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Wetland Ecology drawdown and the geographic area (Cooke et al.

1986 ). These fluctuations can both decrease and

increase the abundance of certain species; for

example, cattailand bulrush (Scirpus cyperinus)

can benefit from lower water levels because

they require bare mudflats as a seedbed (Lantz

et al. 1964).

The No-Action Alternative would allow the

water level in Par Pond to fluctuate naturally

from a full poolof approximately 200 feet

(61meters) to 195 feet (59.4 meters) above

mean sea level. This could expose asmuch as

340 acres ( 1.4 square kilometers) of sediment

(DOE 1995a). However, the level is likely to

remain atapproximately 196 feet (59.7 meters)

about65 percent ofthe time,which would ex

pose only about 115 acres (0.5 square kilome

ters) of sediment. Thus, somechanges are

likely to occur in contrast to the relatively stable

and biologically productive nature ofthe eco

system and littoral wetland areas that existed

during the initial 33 years of Par Pond's exis

tence . Specifically , a reduction of and instabil

ity in the littoral zone and related communities

are likely to occur. The 1991 drawdown re

moved approximately 50 percent of the reser

voir's surface area,much ofwhich was shallow

wetlands that provided habitat and foraging re

sources for a variety of fish and wildlife . Be

cause impacts on the littoral-zone plant

communities from natural fluctuation are not

likely to be as extensive as those during the

drawdown, the communities over timewould

resemble those in most seasonally fluctuating

impoundments in the Southeast.

Many wetland vegetation species can survive

and even thrive with heavily fluctuating water

levels; as a result, relative tolerance to the wa

ter -level fluctuations that could occur would

determine future community dominance pat

terns at Par Pond (Mackey and Riley 1996 ).

Maidencane in Carolina Bays on the SRS sur

vived water levels as high as 4 feet (1.2 meters)

via stem elongation , and occupied asmuch as

30 percent of plots of this species in depths to

5.6 feet (1.7 meters) (Kirkman and Sharitz

1993). The rate of refilling in Par Pond did not

exceed the rates of maidencane stem growth and

elongation around the newly exposed shoreline

(Mackey and Riley 1996 ). For these reasons,

maidencane could become a dominant species in

Par Pond, although wave action in deeper water

could inhibit continued growth and survivalof

this macrophyte in more steeply sloped areas.

Cattail beds would also expand and, asmen

tioned above, spike rush is appearing in beds in

areas almost identical to those observed in pre

drawdown studies. Lotus, also dominantbefore

the drawdown, is likely to continue to remain

dominant in intermediate and deeper waters up

to depths of 6.5 to 10 feet (2 to 3 meters). It

could also replacemaidencane in deeper water

areas (Mackey and Riley 1996 ).

A recent study estimated areas of aquatic vege

tation, essentially wetland vegetation , that

would develop at various water levels for Par

Pond; an estimated 800 acres (3.2 square kilo

meters) of aquatic macrophyteswould be pres

ent at 199.2 feet (59.8 meters) and about

600 acres (2.4 square kilometers) at 195 feet

(59.4 meters) (Narumalani 1993). Both the

acreage and species composition of the aquatic

macrophyte community would be affected , but

impacts would be smaller, and a substantial and

productivemacrophyte community would de

velop at lower ranges of fluctuation . The spe

cies composition would differ from the one that

developed during the stable water level regime.

Reservoir water levels are often manipulated to

control aquatic plant communities, and the re

sults vary depending on the timing and length of

Grace (1985) observed that the lack ofappre

ciable water-level fluctuation in Par Pondmay

have created stagnant sediments in someof the

back regions of Par Pond coves, causing them to

be almost devoid of vegetation. Fluctuations in

the water levelwould aerate these sediments

and could expedite degradation ofwaste prod

ucts. For example, oxygenating these stagnant

areas could reduce the effect of certain sub

stances, such as ammonia and hydrogen sulfide,

that are naturally present in these kinds of
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backwater areas and can be highly toxic to

aquatic organisms (Rand and Petrocelli 1985).

(SRFS 1994) describes Federally listed threat

ened , endangered , and candidate plant and ani

mal species that occur or mightoccur on the

SRS . At present, the SRS monitors and protects

these species and has activemanagementpro

grams for thewood stork , red -cockaded wood

TE pecker, and smooth coneflower. Table 4-53

presents Federally listed species.

Rapid recovery of aquaticmacrophytes has oc

curred at Par Pond, especially in predrawdown

wetland areas, following almost 4 years of a 19

foot (5.8-meter ) drawdown that resulted in the

destruction ofmacrophyte beds and exposure of

seed banks. Given the relatively low predicted

extremes of water-level fluctuation expected ,

impacts to wetland vegetation could occur but

would be limited to a maximum reduction of

200 acres (0.8 square kilometer ) and related

changes in relative abundance ofwetland plant

species around the lakemargins.

4.3.5.3.1 Affected Environment

Smooth coneflower (Echinacea laevigata)

4.3.5.2.2 Shut Down and Deactivate

DOE expects impacts from this alternative to be

similar to those from the No-Action Alternative.

The smooth purple coneflower occurs in the

southeastern United States in open frequently

disturbed (burned ormowed) areas such as

highway roadsides and transmission line rights

of-way that receive ample sunlight (FWS 1995).

Two smooth coneflower populations havebeen

identified on the SRS: (1 ) offBurma Road ap

proximately 2 miles (3 kilometers) southwest of

F -Area, and (2) on a 115 -kilovolt transmission

line that intersects Road 9 approximately 1 mile

( 1.6 kilometers) east of L -Lake. Neither popu

lation is in an area that activities associated with

the Proposed Action would affect. Therefore,

this EIS willnot discuss this species further.

4.3.5.2.3 Shut Down and Maintain

DOE expects impacts from this alternative to be

similar to those from the No-Action Alternative .

4.3.5.3 Threatened and Endangered Species

Savannah River Site Proposed, Threatened, En

dangered, and Sensitive Plants and Animals

Table 4-53. Threatened and endangered plant and animal species of the Savannah River Site.

Common name (scientific name) Status

Animals

Ta

Eb

E

Bald eagle (Haliaeetus leucocephalus)

Wood stork (Mycteria americana)

Red-cockaded woodpecker (Picoidesborealis)

American alligator (Alligator mississippiensis )

Shortnose sturgeon (Acipenser brevirostrum )

Plants

T /SAC

E

Smooth coneflower (Echinacea laevigata ) E

a . T = Federally threatened species.

b . E = Federally endangered species.

TISA = Threatened due to Similarity of Appearance to the endangered American crocodile.
C.
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Red -cockaded woodpecker (Picoides borealis) Eagles fledged near the coast now are able to

disperse inland to areas they previously did not

inhabit such as the reservoirs built in the 1970s

on the Savannah River and Broad River drain

ages. In 1978 only 15 nesting pairs of bald ea

gles were observed in South Carolina . By 1996

there were more than 100 nesting pairs in the

State (Hart et al. 1996 ). The rate of increase in

breeding territories (nesting pairs ) appears to be

greater in reservoir habitat in South Carolina

than in nonreservoir ( riverine and estuarine )

habitats (Bryan et al. 1996 ).

The red- cockaded woodpecker occurs in the

open pine woodlandsof the Coastal Plain ,

where it lives in small groups of two to nine

birds called " clans" (Hooper,Robinson, and

Jackson 1980 ; FWS 1985). Each clan consists

of amated pair,their current year's offspring,

and " helpers," male offspring from previous

years (FWS 1985). This species is unique in

that it requires mature pine trees (greater than

60 years old ), often with red heart ( fungus) dis

ease , in which to nest. Nest cavities often re

quire years to complete and once constructed

are often maintained for the life of the tree

through successive generations of birds. The

clan roosts and nests in a group of cavity trees

called a colony, that can include as many as a

dozen trees and often occupy a roughly circular

area 1,500 to 2,500 feet (460 to 760 meters) in

diameter (Hooper, Robinson , and Jackson

1980). The territory of the birds ranges from

to more than 247 acres (0.4 to 1 square kilome

ter),depending on habitat quality, and the total

area used by a clan can be as large as 988 acres

(4 square kilometers) (Hooper,Robinson, and

Jackson 1980). The larvae ofwood -boring in

sects, grubs, and beetles form the bulk of this

woodpecker's food .

Bald eagles in the southeastern United States

generally nest at the boundary of a wooded area

and an open area in a tall pine or cypress tree

that affords a wide view of the surrounding

countryside (Kale 1978). Nest trees are often

the tallest in a particular forest stand, and are

within 2 miles ( 3 kilometers ) ofwater

(Stalmaster 1987; FWS 1989) .

Bald eagles in South Carolina eat fish almost

exclusively but will feed on wounded water

fowl,wading birds, smallmammals, and car

rion, such as dead fish and road kills (Sprunt

and Chamberlain 1970; Hart et al. 1996 ; LeMas

ter 1996 ). Bald eagles on the SRS have been

observed feeding on largemouth bass, coots,

buffleheads (small diving ducks), gray squirrels,

and other smallmammals (Hart et al. 1996 ).Bald Eagle (Haliaeetus leucocephalus)

The bald eagle is a permanentbreeding resident

ofSouth Carolina, arriving in the fall (October

to November),nesting in midwinter (December

to January ), and migrating north to New Eng

land and Canada in midsummer after young

have fledged (Sprunt and Chamberlain 1970).

Numbers of eagles in South Carolina have risen

steadily since the 1970s as a result of the na

tionalban on certain organochlorine pesticides

(e.g.,DDT), the protection afforded the species

by the Endangered Species Act, and the con

struction of several large reservoirs in the

Coastal Plain and Piedmont of South Carolina

(Mayer,Hoppe,and Kennamer 1985, 1986;

Bryan et al. 1996 ).

Bald eagles were first reported on the SRS in

1959 when three were observed on Par Pond

(Wike et al. 1994 ). Par Pond continued to be

the center of eagle activity on the SRS until

1985, when DOE built L -Lake. In October 1985

L -Lake was completed and within 1 month an

eagle was reported over that lake (Mayer ,

Hoppe, and Kennamer 1986 ). L -Lake now

provides important foraging habitat for eagles

thatnest on Pen Branch , approximately 1 mile

( 1.6 kilometers) west of L -Lake (LeMaster

1996 ).

Bald eagle use of L -Lakehas increased since

1987 (when the Savannah River Ecology Labo

ratory began surveys),with the highest number
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because food requirements are greatest when

adults are nesting or caring for young (Sprunt

and Chamberlain 1970; Kale 1978).

of sightings occurring in the fall and winter of

1992-1993 (Bryan et al. 1996 ). Eagle use of Par

Pond over the same period has remained at a

constantbut fairly low level. In the winters of

1991-1992 and 1992-1993, when Par Pond was

drawn down for repairs,bald eagles were fre

quently observed foraging in the area (Bryan

et al. 1996 ). After the reservoir was refilled ,

bald eagles were seen less frequently in the Par

Pond area.

Wood storks are colonial nesters. They build

large nests in trees, usually over standing water.

Nest heights range from a few meters above

water in mangrove swamps to the topsofthe

tallest cypress trees. They breed during the dry

season when evaporation in shallow ponds con

centrates aquatic prey (Kale 1978; Ehrlich,

Dobkin , and Wheye 1988). From northern

Florida to South Carolina, wood storks breed

from March to August.

There are three eagle nests on the Savannah

River Site . The Eagle Bay nest, discovered in

1986 , is in a live bald cypress tree in a beaver

pond approximately 0.9 mile (1.5 kilometers )

southwest of the Par Pond dam . The Pen

Branch nest, discovered in 1990, is in a loblolly

pine tree approximately 1mile (1.6 kilometers)

west of L -Lake. The recently discovered

G Road nest is approximately 0.25 mile

(0.4 kilometer) east of Par Pond (LeMaster

1996 ).

The population of wood storks in the United

States decreased from an estimated 20,000 pairs

in 1930 to just under 5,000 pairs in 1980

(Coulter 1989). Habitat degradation and the

loss of foraging habitat, which led to thepopu

lation decline, ultimately resulted in the species

being listed as Endangered under the Endan

gered Species Act in 1984 (Coulter,McCort,

and Bryan 1987; Stokes and Stokes 1996 ).

Restoration efforts have been moderately suc

cessful. The U.S. population hasincreased from

5,000 breeding pairs in 1980 to 8,000 breeding

pairs in 1996 (Bryan 1996 ).

Eagleshave nested intermittently at the Eagle

Bay location since 1986 , with wind stormstwice

destroying nests and once, in 1989, killing an

eagle nestling (Hart et al. 1996 ). Chicks

hatched at the Pen Branch nest every year from

1990 to 1996. To date, no young have been ob

served at the G Road nest.

Wood Stork (Mycteria americana)

The most northern and inland wood stork col

ony, the Birdsville Colony, is in a 2.1-square

mile (5.7 - square -kilometer) cypress swampnear

Millen in Georgia . Thiswood stork colony is

the breeding area ofmost storks observed forag

ing on the SRS. The SRS is approximately

28 miles (45 kilometers) from the Birdsville

colony, a distance well within the 37- to 43-mile

(60- to 70 -kilometer ) radius that wood storks

can travel during daily feeding flights (Du Pont

1987d ).

Wood storks,largewading birdswith wing

spans of up to 5.5 feet (1.7meters) occur

throughout Florida, Georgia, and coastalSouth

Carolina. They feed through a highly special

ized process called tactolocation that involves

wading (sometimes shuffling to intentionally

disturb prey) in shallow pools with their bills

opened slightly and submerged as far as the ex

ternal nares. When a stork touches fish or other

prey (e.g., snakes, crayfish ) with its bill, it snaps

its bill shut,capturing the prey . This feeding

technique allows wood storks to forage in

muddy or turbid water where birds that hunt

visually cannot feed . To feed efficiently , storks

forage in ponds where prey concentrate . This is

especially important during the breeding season ,

Wood storks forage in shallow , open water areas

where prey concentrations are high enough to

ensure successful feeding. Ideal feeding condi

tions usually occur in sheltered bodies of water

where depths range from 2 to 6 inches (5 to

15 centimeters), and where the water column is

relatively free of aquatic vegetation (Coulter

and Bryan 1993). Before 1986,mostwood
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also used by foraging storks in 1993 (LeMaster

1996 ) .

stork foraging activity on the SRS was concen

trated in the Savannah River swamps and asso

ciated stream deltas (Beaver Dam Creek,

Fourmile Branch , Pen Branch, and Steel Creek )

(Du Pont 1987d ).

The only documented wood stork use of L -Lake

from 1987 to 1993 was a single stork observed

foraging in lower L -Lake on September 24,

1987. The Savannah River Ecology Laboratory

has conducted weekly aerial surveys of L-Lake

during the nesting season since 1993. No storks

have been observed during these surveys

(LeMaster 1996 ) .

Atthe time of the L -Reactor restart, DOE

agreed to create new wood stork foraging areas

near the SRS,mitigating an anticipated loss of

foraging habitat in the Steel Creek delta . Kath

wood Lake, consisting of four ponds [35 acres

(0.14 square kilometer )],was built at the Na

tional Audubon Society's Silver Bluff Planta

tion Sanctuary in the spring of 1986 , filled with

water to a depth of6-12 inches (15 to

30 centimeters), and stocked with bluegill,

brown bullhead, and sterile grass carp (Coulter,

McCort, and Bryan 1987). Bluegill and brown

bullhead were selected because they were the

preferred prey ofwood storks in the wild ; sterile

grass carp were stocked to control aquatic

vegetation. Kathwood Lake is approximately

19 miles (30 kilometers) northwest of the Steel

Creek delta and 28 miles (45 kilometers) north

east of the Birdsville Colony.

Storks have been observed foraging and roost

ing in several wetlands near L -Lake. Peat Bay

and an adjacent wetland next to the railroad

tracks (both south of L -Lake and SC High

way 125) have been used by storks each year

since 1993, with asmany as 100 storks observed

in a single survey. SRS personnel documented

stork use of two additional nearby wetlands,

Steel Creek Bay and an unnamed seasonalwet

land near Robbins Station, as foraging habitat in

1995 (LeMaster 1996 ).

By 1986 significantnumbers of foraging wood

storks were using Kathwood Lake. Themaxi

mum number of wood storks observed per day

increased from 97 in 1986 to 250 in 1990

(Coulter 1993). The pondshave been highly

successful in fulfilling their intended purpose.

Wood stork use of the Savannah River swamp

decreased steadily over the 1983-1990 period

(Coulter 1993). This was attributed to high

water levels in areas ( such as Fourmile Branch )

influenced by reactor operations and thedense

growth ofaquatic vegetation in other areas

( such as Steel Creek ) thatno longer received

large volumes of cooling water from reactor op

erations.

Wood stork use of Par Pond and L -Lake has

been intermittentand at fairly low levels in most

years. After the Par Pond drawdown in the

summer of 1991, the reservoir wasmonitored

weekly for wood stork use. Wood storks used

portions of the reservoir,particularly the North

Arm ,as foraging areas fairly consistently from

late July through mid -October 1991. Asmany

as 84 storks were observed in a single survey .

No storks have been observed foraging in the

Par Pond area since 1992 (LeMaster 1996 ).

Over the last several years, wood storks have

occasionally been observed foraging in the del

tas of Fourmile Branch and Pen Branch . Most

stork sightings in this area have occurred in the

open cypress-gum river swamp that lies between

these two deltas (LeMaster 1996 ).

American alligator (Alligator mississippiensis)

Craig's Pond and Sarracenia Bay, two Carolina

bays east ofthe North Arm of Par Pondwere

used by foraging wood storks in 1993 and 1996 .

Eagle Bay, just south of the Par Pond Dam , was

The American alligator, hunted almost to ex

tinction by themiddle of the 20th century, is

now a common residentofthe big river

swamps, bayous, lakes, and marshes of Florida ,

the Gulf Coast, and the south Atlantic Coastal

Plain (Conant and Collins 1991). The Fish and
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Wildlife Service reclassified the alligator, pre

viously listed as threatened in South Carolina,

as " Threatened (due to Similarity of Appear

ance)” in June 1987 (52 FR 21059-21064). It

was reclassified because populations in the

southeast were flourishing as a result of success

ful state -run restoration programs and the spe

cies wasno longer atrisk . However, the

Servicemaintained that some level of Federal

protection wasnecessary to ensure against ex

cessive taking of alligators and to protect the

much -rarer (endangered ) American crocodile

(Crocodylus acutus); one concern was that en

forcement personnel would not be able to dis

tinguish between the processed hides of the two

species.

Beaver Dam Creek, which receives heated ef

fluent from the D -Area coal-fired power plant,

supports a moderately large , self-sustaining

population of alligators that consists of small

numbers of adults and larger numbers of juve

niles and subadults (Murphy 1981;Wike etal.

1994 ). Fourmile Branch contains small num

bers of alligators in its lower reaches and delta,

most ofwhich are probably immigrants

(juveniles and subadults) from nearby Beaver

Dam Creek. High stream flows and tempera

tures from K -Reactor operationsmademost of

Pen Branch unsuitable for alligators until 1988,

but there are indications that alligators are

recolonizing the lower reaches of the stream

(Wike et al. 1994 ) .

In sanctuaries, refuges, and other areas where

they are protected, alligators can grow to 16 feet

(4.9 meters) long andweigh asmuch as

600 pounds (273 kilograms) (Mount 1975; Van

Meter 1987; Conant and Collins 1991). The

largest alligator ever captured on the SRS was

12.5 feet ( 3.8 meters ) long (Gibbonsand Sem

litsch 1991). In captivity, alligators can live as

long as 50 years; in the wild 30 to 35 years is

probably themaximum lifespan (Van Meter

1987) . Both sexes reach maturity at a length of

about 6 feet ( 1.8 meters ), when they are 8 to

12 years old ,depending on the quality of the

habitat.

SteelCreek apparently supported a large alliga

tor population in the early 1950s before the op

eration ofthe SRS reactors (Murphy 1981),but

contained few alligators in its upper reaches

during the years it received thermal effluent.

Alligator numbers are still low in the Steel

Creek drainage, with most animals found in the

delta or in the vicinity ofbeaver ponds adjacent

to the stream . Lower Three Runshas histori

cally supported a reproducing population of al

ligators,most ofwhich are concentrated in an

area below the Par Pond dam where they are

protected from human encroachment(Murphy

1981; Wike et al. 1994 ).

Before 1958 when Par Pond was built, alligators

were uncommon on the SRS and were concen

trated in the Lower Three Runs drainage

(Murphy 1981). The SRS alligator population

grew rapidly after Par Pond was filled, and by

1974 an estimated 109 alligatorswere in the

reservoir, 60 of which were adults.

Alligators occur in a variety ofSRS habitats in

cluding river swamps, small streams, abandoned

farm ponds, Carolina bays, and two large im

poundments, Par Pond and L -Lake (Du Pont

1987d ). Their abundance on the SRS is the di

rect result ofmore than 40 years of protection

afforded the population by the secure SRS

boundary (Gibbons and Semlitsch 1991). Par

Pond contains the largest concentration ofalli

gators on the SRS ,more than 200 animals

(LeMaster 1996 ). Alligators were plentiful in

downstream portions ofSteel Creek when it re

ceived heated effluent and are now commonly

observed in and around L-Lake (Du Pont 1987d ;

LeMaster 1996 ). No population estimates are

available for L -Lake .

The number ofalligators inhabiting Par Pond

more than doubled from 1974 to 1988, from 109

to 266 animals (Brandt 1991). The size andage

structure ofthe population in 1988 (ahigh pro

portion of young animals less than 6 feet

( 1.8meters) long) indicated an expanding

population . Brandt (1991) characterized the

population as “ quite healthy” and suggested that
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thenumber of alligators would increase until the

carrying capacity (estimated to be around 500

individuals) was reached (Brandt 1991).

L7-02

mercury in kidney,muscle , and dermal scutes

were lower in Par Pond alligators than Ever

glades alligators. There were no differences in

mercury levels in tissues of animals collected

before and after the Par Pond drawdown. The

average concentration ofmercury (4.1 milli

gram per kilogram ) in muscle tissue ofPar Pond

alligators was higher than advisory levels estab

lished by the State of Florida ( 0.5 milligram per

kilogram ) or the U.S. Food and Drug Admini

stration (1.0 milligram per kilogram ) as safe for

human consumption .

After Par Pond wasdrawn down (July

September 1991) Savannah River Ecology

Laboratory scientists conducted studies to assess

the effect of the drawdown on Par Pond alliga

tors. Brisbin et al. (1992) reported that female

alligators continued to guard nests even after the

water had receded and all nests were more than

300 feet (100 meters) from the new shoreline.

Brisbin et al. (1992) theorized that few hatch

lings survived , noting thatwading bird use of

the area was heavy and that the young alligators

were exposed to these and other predators

(largemouth bass and other alligators ) because

of the lack of cover . There was also strong evi

dence for violent territorialencounters between

adults that had left Par Pond andmoved to other

areas in search of better conditions (Brisbin et

al. 1992)

TC

Data from six alligator nests studied in the

summer of 1994 during the Par Pond drawdown

indicated that clutch sizes were reduced by 10.9

percent compared to pre -drawdown periods

(Brisbin et al. in press ). Body condition of

hatchlings (based on length -weight relation

ships) was also lower. Nest predation appeared

to have been reduced during drawdown, how

ever, suggesting thatnegative reproductive im

pacts of the drawdown were to some extent

compensated forby increased survival. When

the reservoir was refilled in late -summer of

1994, flooding caused the destruction of one of

six nests studied and caused an overall loss of

30.6 percentof eggs produced (Brisbin etal. in

press). There was no evidence that females re

sponded to rising water by making additions or

alterations to their nests. Impacts to nests from

risingwater levels appeared to be a function of

location and topography.

In January 1996, a largemale alligatormeasur

ing more than 3.9 meters ( 13 feet) long was

found dead in Par Pond (Brisbin 1997). De

composition of the carcass made it impossible to

determine the cause ofdeath , but samples of

muscle, kidney, and liver tissue were analyzed

for mercury residues. Mercury content of these

tissues, expressed on a wet weight basis, aver

aged 3.5 milligram per kilogram for muscle ,

33.6 milligram per kilogram for kidney, and

158.9 milligram per kilogram for liver (Brisbin

1997). The reason for these unusually high

levels of mercury is unknown , but long-lived

species such as the alligator tend to accumulate

moremercury than other groups, such as am

phibians and fish , thathavemuch shorter life

spans. Mercury concentrations in tissues of in

dividual animals within a population may vary

dramatically with differences in age, body size ,

diet,metabolic rate, sex , state of sexualmatur

ity , condition, habitat preference, and timeof

year. The alligator found in Par Pond was at

least 22 years old, and may have been consid

erably older.

L7-01

Shortnose sturgeon (Acipenser brevirostrum )

Savannah River Ecology Laboratory scientists

recently completed a study that compared body

burdensofmercury in alligators from Par Pond

with alligators from the Florida Everglades

(Yanochko et al. in press ). Concentrations of

The shortnose sturgeon is an anadromous fish

that spawns in large Atlantic coastal rivers from

New Brunswick , Canada, to north Florida (Scott

and Crossman 1973). A species ofcommercial

importance around theturn of the century , the

shortnose sturgeon is now listed by the National

Marine Fisheries Service as an endangered spe

cies. The decline of the species has been at

tributed to the impoundmentof rivers,water

L7-02
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pollution, and overfishing;recruitment rates ap

pear to be too low to replenish depleted popula

tions (Heidt and Gilbert 1978).

Shortnose sturgeon grow slowly , reach sexual

maturity relatively late in life, and live as long

as 30 years (Scott and Crossman 1973). Fish

from southern populations can grow faster and

mature earlier than those from northern popula

tions (Heidt and Gilbert 1978 ). Spawning oc

curs in , or adjacent to , deep areas of rivers with

significant currents [ 1 to 4 feet (0.3 to

1.2 meters) per second ) during springwhen

water temperatures warm to 48 to 59°F (9 to

15° C ) (Crance 1986 ; Rulifson, Huish , and

Thoeson 1982). Adults apparently return to na

tal streamsto spawn at 2- to 5 -year intervals

(Rulifson,Huish , and Thoeson 1982). Eggs are

heavier than water and adhesive after fertiliza

tion,sinking quickly and adhering to sticks,

stones, gravel, and rubble on the stream bottom

(Crance 1986 ). The interaction of water tem

perature, current velocity, and substrate type

apparently determines suitability ofspawning

habitat aswell as hatching success . Very few

larvae and juveniles have been collected, so lit

tle is known of their distribution andmovement

(Rulifson, Huish , and Thoeson 1982) .

( 1) shortnose sturgeon spawned upriver and

downriver of the SRS; (2 ) passage up and

downstream was notblocked by thermal efflu

ents; (3 ) shortnose sturgeon did notspawn or

forage in SRS streamsand swamps that received

thermal discharges; ( 4 ) entrainmentwas un

likely because shortnose sturgeon eggs are

demersal, adhesive, and negatively buoyant; and

(5 ) impingement of healthy juvenile and adult

shortnose sturgeon on cooling water system

screening devices is highly unlikely given their

strong swimming ability. The NationalMarine

Fisheries Service concurred with theDOE de

termination that SRS operations did not threaten

the Savannah River population of shortnose

sturgeon (Du Pont 1985).

A South Carolina Wildlife andMarine Re

sources Division (now South Carolina Depart

mentofNationalResources) study of seasonal

movement and spawning habitat preferences of

Savannah River shortnose sturgeon found two

probable spawning sites, one upstream of SRS

at rivermile 177-179 (river kilometer 285-288)

and the other downstream of the Site at river

mile 115-121 (riverkilometer 185-195) (Hall,

Smith , and Lamprecht 1991). The Comprehen

sive Cooling Water Study (Du Pont 1985)sug

gested that shortnose sturgeon spawned as far

upstream as the first migratory obstruction, the

New Savannah Bluff Lock and Dam . The South

Caroline Wildlife and Marine Resources Divi

sion study appears to support this theory.

4.3.5.3.2 Environmental Impacts

Red-cockaded woodpecker

Before 1982 shortnose sturgeon were not known

to occur in the middle reaches of the Savannah

River. However, 12 shortnose sturgeon larvae

were collected near SRS in a 4 -year (1982

through 1985) DOE study of ichthyoplankton

abundance and entrainment in reactor cooling

water systems (DOE 1987b ). When shortnose

sturgeon were first collected in 1982 and 1983,

DOE notified the NationalMarine Fisheries

Service as required under Section 7 of the En

dangered Species Act of 1973 (Muska and

Mathews 1983 ). A subsequent biological as

sessment evaluated the potential impact ofSRS

operations on shortnose sturgeon . The assess

ment concluded that “ existing and proposed op

erations (specifically L -Reactor) of the

Savannah River Plantwillnot affect the contin

ued existence ofthe shortnose sturgeon in the

Savannah River” (Muska and Mathews 1983).

This conclusion was based on the facts that

No Action

Although there are two inactive red -cockaded

woodpecker colonieswithin a mile (1.6 kilome

ters) of L-Lake (Colony 61to the west,in the

vicinity of Substation Number 3 and Colony 62

to the east, near the intersection of Roads B -4

and B -5 ), there are no active colonies within

severalmiles of the reservoir. Therefore, none

of the activities associated with the No-Action

Alternative at L -Lake would affect thiswood
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Bald Eaglepecker. Receding water levels would not have

an effect on birds foraging, roosting, and nesting

in open pine woodsmiles away from the reser

voir .

No Action

Under the No-Action Alternative, DOE would

continue to maintain L -Lake at its current level

ofapproximately 190 feet (58 meters). This

action would not affect bald eagles nesting on

Pen Branch or foraging in the L -Lake area.

Although there are several inactive red

cockaded woodpecker colonies and foraging ar

eas within 660 feet (200 meters) of the North

Arm of Par Pond (Colonies 64, 65, and 70 ),

there are no active colonieswithin severalmiles

of the reservoir . None ofthe activities associ

ated with the No-Action Alternative at Par Pond

would affect red -cockaded woodpeckers. Fluc

tuating Par Pond water levels should have no ef

fect on birds foraging, roosting, and nesting in

open pine woodsmiles away from the reservoir.

There are two inactive red - cockaded wood

pecker colonies (Colonies 7 and 71) just west of

Steel Creek and several active red - cockaded

woodpecker colonies and foraging areas on

bluffs and dry ridges to the west of Lower Three

Runs in the area of the triangle formed by

Round Tree Road, Patterson Mill Road , and

Road A - 18. None of the activities associated

with the No-Action Alternative would affect

red -cockaded woodpeckers foraging, roosting,

or nesting in the vicinity of SRS streams.

Under the No-Action Alternative, Par Pond

would fluctuate naturally from about 195 feet

(59.4 meters) to 200 feet (61meters). Shoreline

instability could reduce the amount of wetland

vegetation around themargins of the reservoir

and limit the production ofmacroinvertebrates.

Reduction in aquatic macrophyte coverage or

density would reduce the amountof cover for

forage fish , while reduced production of inver

tebrates could affect food resources of fish and

certain mammals . If fish production or growth

were affected, the prey base of the bald eagles

could suffer (LeMaster 1996) . Based on obser

vations ofbald eagles during the 1991 to 1995

Par Pond drawdown (DOE 1995a; Hart et

al. 1996), when DOE lowered the reservoir as

much as 19 feet (5.8meters), impacts to eagles

from the relatively small fluctuation that would

occur under the No- Action Alternative would be

minimalto nonexistent.
Shut Down and Deactivate

ShutDown and DeactivateUnder this alternative, L -Lake would recede and

DOE would not pump river water to Par Pond

even if its levelwere to unexpectedly fall below

195 feet (59.4 meters). Neither circumstance

would affect red -cockaded woodpeckers.

Stream flowsassociated with this alternative

would have no effect on birds that forage, roost,

and nest exclusively in mature pine stands well

outside of the floodplain .

Under this alternative, DOE researched the ef

fect on eagles from exposure to contaminated

water, sediment, and prey items(mostly fish ).

T
E

Hart et al. (1996 ) evaluated potential effects to

bald eagles foraging in and around Par Pond and

L -Lake from exposure to radiological (chiefly

cesium - 137) and nonradiological (mercury)

contaminants. The analysis indicated that the

radiation dose to Par Pond eagles from food and

drinking water was approximately 0.0026 rad

Shut Down andMaintain

This alternative would have no impact on red

cockaded woodpeckers.
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per day, well below the dose range of0.1 to 1.0

rad per day that is considered protective of

wildlife (IAEA 1992 ; Eisler 1994; Appendix B ).

in surface waters, sediments, and fish of Par

Pond and L -Lake.

The average mercury concentration in Par Pond

bass was 0.94 milligram per kilogram (parts per

million (ppm )] over the 1988 to 1994 period

TE | (Table 4-54),below dietary levels that have

caused acute effects (mortality) in somebirds

(Hart et al. 1996 ). The averagemercury concen

tration in L -Lake bass over a shorter timeperiod

were slightly higher, 1.17 parts permillion

TE ( Table 4-54 ). Mercury concentrations of this

magnitude in fish would not have an acute effect

on eagles feeding on them (Hart etal. 1996 ) but

could cause subtle , sub- lethal effects (LeMaster

1996). Eisler (1987) recommended totalmer

cury concentrations in food itemsof“ sensitive”

avian speciesnot exceed 0.10 parts permillion

and suggested that a concentration as low as

0.05 parts permillion could adversely affect re

production. The historic reproductive success

of eagles nesting at the Eagle Bay nest suggests

that ifsublethal effects are occurring, they are

not affecting reproduction in a measurable way

(Hart et al. 1996 ). Appendix B presents a more

detailed evaluation of potentialrisks to bald ea

gles from exposure to cesium -137 and mercury

Lower water levels and reduced littoralvegeta

tion in reservoirs could make preymore avail

able to wading birds and other avian predators

( e.g., eagles and ospreys) by forcing small fish

out of protective vegetative cover (Bildstein

et al. 1994). Lower reservoir levels could

benefit eagles by reducing the amount of energy

they expend foraging, but could be detrimental

to eagles if prey were so easily captured that

birds “ gorged ” and consistently ingested larger

quantities of contaminated fish than normal.

Bald eagles are known to gorge
when food

supplies are unusually abundant (e.g., on

spawned -out salmon in the Pacific Northwest).

However, they generally stop feeding when

their crops and stomach (s) are full (Stalmaster

1987) and might fast for several days after

wards. Consequently, there is no reason to be

lieve that eagles would eat unusually large

quantities of contaminated fish . They probably

would eat until satiated and then rest, conserv

ing energy normally spent foraging. Implement

ing this alternative could result in the complete

emptying of L -Lake in as few as 10 years (Jones

and Lamarre 1994). L-Lake could be reduced to

N

8

Table 4-54. Mercury concentrations ppm in largemouth bass (parts permillion ).

Location Years Minimum Mean Maximum

Clarks Hill Lakea 1988-91 <0.10 0.37 1.51

Savannah River above SRS 1988-93 0.16 0.446 1.23

Savannah River at SRSA 1988-92 < 0.10 0.75 1.61

Par Ponda
1988-94 0.11 0.94 3.2

Par Pondc 1991-93 0.05 Nad 1.9

Par Ponde 1995 NA 0.67 3.18

Lower Three Runsa
1988-93 0.25 1.15 2.2

L -Lakea
1992-94 0.43 1.17 2.87

L -Lakef
1995 NA 0.43 1.07

Savannah River below SRSA
1989-94 <0.01 0.60g 1.40

21

31

52

300

38

35

15

49

42

a .

C.

From SRS Annual Environmental Reports (“ flesh ” was analyzed).

b . Based on n = 18 because somemeans not listed .

From Jagoe, Grasman , and Youngblood ( 1994);muscle was analyzed .

d . NA = Not available .

From Paller and Wike ( 1996a);whole fish were analyzed .

f . From Paller (1996 ); whole fish were analyzed.

g . Based on n =41.

e .
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pools could attract storks, particularly in late

summer. Storks are generally observed in the

region from May through September, with most

SRS sightings in July and August (LeMaster

1996 ).

a small ponded area atthe head of the L -Lake

dam . This would effectively eliminate the most

important foraging habitat for the Pen Branch

nest pair (LeMaster 1996 ). If L -Lake emptied,

the closest large bodies of water providing suit

able foraging habitatwould be Par Pond and the

Savannah River, both about6 miles ( 10 kilome

ters) away (Hart et al. 1996 ). These locations

are approximately 1.2 miles (2 kilometers) be

yond the normal foraging range ofbald eagles

(Hart et al. 1996 ). Although eagles nesting on

Pen Branch could adaptto the change by forag

ing in other areas or by feedingmore heavily on

birds, smallmammals, and carrion, they proba

bly would notcontinue to nest near L -Lake

(LeMaster 1996 ).

Wood stork use of Par Pond would probably oc

cur only during a very severe summer drought

or succession of dry years, when water levels

could drop to a level where fish were forced

from the shelter of themacrophyte belt along

the shore of the reservoir. Mercury levels in

stork prey
in Par Pond are at a level of concern

at present and could increase in a fluctuating

environment. However, the Par Pond water

level hasnot fluctuated more than a foot since

DOE refilled the reservoir in March 1995 .

Overall, thewater level last year has remained

fairly constant even though a commitment to

supply 10 cubic feet (0.28 cubic meter) per sec

ond to Lower Three Runs hasbeen met and the

average rainfall in the area was below normal

(LeMaster 1996 ).

ShutDown and Maintain

This alternative would produce the samekinds

of impacts described for the ShutDown and De

activate Alternative.

Wood Stork

TE

No Action

Under the No-Action Alternative, wood stork

use of L -Lake and Par Pond would continue to

be infrequent because neither reservoir provides

much suitable foraging habitat. Wood stork use

of SRS streams and associated delta areas would

not be likely to change . Impacts to wood storks

under this alternative would be unlikely .

Shut Down and Deactivate

Fish in both reservoir systems contain detect

able levels ofmercury. DOE assumed that ap

proximately half of this mercury came from

Savannah River water and half from natural

sources (i.e., soils inundated when reservoirs

were filled ). Potential stork prey [fish less than |TC

5 inches (13 centimeters) in length ] collected

from these reservoirs typically contain levels of

mercury greater than 0.05 part per million

(LeMaster 1996 ). Eisler (1987) recommended

that totalmercury concentrations in food items

of“ sensitive ” avian speciesnot exceed 0.10 part

per million and suggested that a concentration

as low as 0.05 part per million could adversely

affect reproduction . In a study ofwadingbirds

in southern Florida specieswhose prey con

sisted of larger fish contained four times higher

levels ofmercury in the liver than those that

consumed smaller fish or crustaceans, and sug

gested that decliningnumbers of nesting wading

birds in southern Floridawere due, in part, to

mercury contamination of their food supply

(LeMaster 1996 ). Although wood storkswere

not included in that study, they fall in the same

TC

TC

Under the Shut Down and Deactivate Alterna

tive, L -Lake could drop as much as 70 feet

(21meters) in 10 years, and Par Pond could

conceivably drop to a level of 195 feet

(59.4 meters ). Stork use of L -Lake under this

alternative would depend on the rate at which

the reservoir receded and on the topography of

the reservoir bottom . A gradual drop in water

level would reduce the likelihood of stork use of

L -Lake. Natural or manmade depressions on

the reservoir bottom could entrap fish as the

water levelrecedes . Fish stranded in these
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ShutDown and Deactivate
trophic category - wading birds that consume

larger fish (LeMaster 1996 ).

Mercury in reservoir sediments,whether from

river inputs or atmospheric deposition, would

typically be an inorganic form . However,mer

cury accumulated by aquatic organisms, and

therefore potentially consumed by storks, is

primarily a more toxic form ,methylmercury .

The process controlling the transformation from

inorganic species to methyl mercury is therefore

key to the accumulation ofmercury by aquatic

organisms. Previous studies have suggested that

methylation is enhanced in flooded soils

(LeMaster 1996 ). Thus, fluctuating water levels

in Par Pond could lead to increasing bioavail

ability ofmethylmercury to aquatic organisms

inhabiting those two systems(LeMaster 1996) .

Under this alternative, L -Lake could empty in

10 to 50 years, displacing alligators in the reser

voir. If the drawdown is rapid (70 feet in

10 yearsaspredicted by themostextremeof the

four scenariosmodeled) L - Lake alligators could

be forced to move to other wetland habitats on

the SRS. This could lead to ( 1) total reproduc

tive failure in someyears, caused by nestde

struction , egg loss, or intense predation on

hatchlings; ( 2 ) an increased incidence ofviolent

intraspecific encounters, as L -Lake alligators

were forced into established territories of adults

in other areas, and (3) an increased likelihood of

fatal encounters with humans and automobiles.

TC

Appendix B presents a more detailed evaluation

of potential risks to wood storks from exposure

to mercury in surface waters, sediments, and

fish of Par Pond and L -Lake.

Shut Down and Maintain

Impacts from this alternative would be similar

to those described for the Shut Down and Deac

tivate Alternative .

American Alligator

Based on recent Par Pond studies (Brisbin et al.

in press), however, female alligators would

probably not abandon established nests in re

sponse to the drawdown, and would continue to

nest around L -Lake until food resources become

limited or crowding forces subdominant animals

to disperse to other SRS wetlands. Male alliga

tors would bemore likely to leave the L -Lake

area because they havemuch larger home

ranges than females and tend to movemore

within their home ranges (Van Meter 1987).

Immature alligators,which actively roam overa

larger area than adults (Van Meter 1987) and are

not attached to breeding territories, would also

be expected to disperse to other areas when

competition for food or space becomes more

intense. The lagoons near SC Highway 125 and

the Steel Creek deltamay provide suitable

habitat for some of these displaced alligators

(LeMaster 1996 ). Impacts to individual alliga

tors in SRS streamswould beminimalbecause

most of these animals are associated with beaver

ponds or other bodies ofwater that offer basic

habitatrequirements (relatively deep water,

food, and cover).

No Action

Under this alternative, there would be no im

pacts to L -Lake alligators because water levels

would not fluctuate appreciably . Under normal

circumstances, Par Pond would fluctuate be

tween 195 feet (59.4 meters) and 200 feet

(61meters). Water level changes of this magni

tude should have no direct impact on alligators.

Fluctuating water levels in Par Pond could af

fect the prey base for Par Pond alligators as de

scribed above (reduced production of forage

fish ;reduced growth of fish higher in the food

chain ). However, prey (food) is not a limiting

factor for the Par Pond alligator population

(LeMaster 1996 ).

Shut Down and Maintain

Impacts from this alternative would be similar

to those described for the Shut Down and Deac

tivate Alternative.
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Shortnose sturgeon trained by the 5,000 -gallon -per-minute pump

seems remote .

No Action

ShutDown and Deactivate

Shortnose sturgeon have never been collected or

observed in any of the tributaries of the Savan

nah River that drain the SRS. The reduction in

pumping to Fourmile Branch and Pen

Branch /Indian Grave Branch under the No

Action Alternative should have no discernible

impact on the Savannah River and its fish

populations, including the shortnose sturgeon .

Under this alternative, DOE would notpump

Savannah River water to maintain the level of

L -Lake and Par Pond if its level fell below

195 feet (59.4 meters ). As a result, no shortnose

sturgeon eggs or larvae could be entrained.

Shut Down and Maintain

Under this alternative, there would be no routine

pumping of river water to maintain L -Lake or

Par Pond water levels. No shortnose sturgeon

eggs or larvae could be entrained unless river

water pumps were restarted .

4.3.6 LAND USE

Small numbers of shortnose sturgeon larvae

(12 larvae over a 4 -year period) were entrained

at the SRS river water intakes from 1982

through 1985, when pumping rates approached

400,000 gallons perminute (25.2 cubic meters

per second) (DOE 1987b ). Under theNo

Action Alternative, DOE would withdraw

5,000 gallons per minute (0.32 cubic meter per

second) from the Savannah River to maintain

thewater level of L -Lake and supply smaller

amounts ofwater to the reactor areas for equip

ment cooling and fire protection. Some short

nose sturgeon larvae could be entrained, but the

numbers would be a small fraction of those en

trained in the 1960s, 1970s, and 1980s when

pumping rates were asmuch as 80 times higher.

4.3.6.1 Affected Environment

Section 4.1.6.1 describes the land and surround

ings on the SRS. It also summarizes Future Use

Project Team recommendations for the future

use of the land and facilities on the Site and the

current status of the SRS as a National Envi

ronmentalResearch Park. DOE has not identi

fied any future mission or other uses, other than

research and monitoring, for Par Pond (Hill

1996 ).

| TE

DOE would withdraw approximately

5,000 gallons per minute (0.32 cubicmeterper

second) of river water to maintain the level of

L -Lake,which is less than 0.2 percent ofthe av

erage Savannah River discharge 2.9 million

gallons perminute (183 cubicmeters per sec

ond) reported for the severe drought years of

1985 through 1988 (DOE 1990). The February

to -April spawning period historically has been a

time of high river discharge. The actual per

centage of river water withdrawn would un

doubtedly be lower during this period . Given

( 1) the small volume ofwater withdrawal

planned , (2 ) the preferred deep-water spawning

habitatof shortnose sturgeon , and (3 ) the

demersalnature of shortnose sturgeon eggs and

larvae, the likelihood of a significant number of

shortnose sturgeon eggs and larvae being en

DOE monitors Par Pond regularly for chemical,

metal, physical, and biological properties,water

level, and radioactive effluents; themonitoring

frequency varies with the location and sample

type. Approximately 10 scientists and techni

cians per week conductmonitoring or research

on the lake (Marcy 1996 ). Par Pond is restricted

from other uses.

4.3.6.2 Land Use Impacts

4.3.6.2.1 No Action

Under theNo-Action Alternative,DOEwould

notchange the current uses of Par Pond; the

lake status would be the same as that described
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in Section 4.3.6.1. DOE would make decisions Current users and those whowould regularly

on future uses in accordance with Future Use view Par Pond (about 10 scientists and techni

Project recommendations. cians per week ) conduct research andmonitor

ing for chemical,metal, physical and biological

4.3.6.2.2 ShutDown and Deactivate properties, water level and radioactive effluents;

the frequency of use varies depending on the

Activities associated with this alternative would sample type. Par Pond is restricted from other

not affect current or future uses of Par Pond.
uses (Marcy 1996 ).

DOE anticipates no changes and no impacts to

the lake. In January 1996 , DOE discontinued 4.3.7.2 Aesthetic Impacts

pumping river water to Par Pond to enable water

levels to fluctuate naturally (DOE 1995a, b ). 4.3.7.2.1 No Action

Since then , the lake level has not fallen below

the 199-foot (60.7-meter) level (Kirby 1996 ). Under the No- Action Alternative, the aesthetic

setting of Par Pond would not change and there

4.3.6.2.3 ShutDown and Maintain would beno impacts.

The impacts under this alternative would be the 4.3.7.2.2 Shut Down and Deactivate

same as those for the ShutDown and Deactivate

Alternative, except DOE could restart the River Activities associated with this alternative should

Water System if necessary . Section 3.3 dis not affect the current or future aesthetic setting

cusses possible reasons for a restart of the sys of Par Pond. In January 1996 DOE shut off the

tem .
RiverWater System to Par Pond to allow water

levels to fluctuate naturally (DOE 1995a,b).

4.3.7 AESTHETICS
Since then, the lake levelhas not fallen below

the 199- foot (60.7 -meter) level (Kirby 1996).

4.3.7.1 Affected Environment
Figure 4-34 showsPar Pond at the 195-foot

The dominant aesthetic settings in the vicinity

(59.4-meter) pool elevation ; some of the shore

ofSRS are agricultural land and forest, with

line is exposed in the background. This photo

limited residential and industrial areas. The re

graph was taken in 1991 during the lake

drawdown .

actors and most of the large facilities are in the

interior portions of the Site ( see Figure 1-2).

Because ofthe distance to the SRS boundary ,

In the unlikely event that the lake level dropped

below 195 feet (59.4 meters), aesthetic impacts

the rolling terrain ,normally hazy atmospheric

conditions, and heavy vegetation, Par Pond is

could occur (depending on how far downthe

not visible from off the Site or from roads with
lake leveldropped and for how long). There

public access .

would be some loss ofvegetation and wildlife

habitat. Tree stumps would be exposed, dried

With the exception of the dam area, Par Pond
mud flats would appear for periods of time until

characteristically has wetlands along the shore
revegetation began , and there could be intermit

line with pine and hardwood forests farther up
tent odorproblems. Figure 4-35 is a 1991 pho

the slope. Marsh or shallow water vegetation
tograph of Par Pond at the 181-foot (55.2 -meter)

such ascattails inhabit cove areas,while deeper pool elevation showing the exposed shoreline

areas provide habitat for open-water species and wetlands in the background . Ifthe lake

such as water lilies and lotus (Jensen et al. level fell below 195 feet,DOE would apply

1992). Figure 4-33 showsPar Pond from
measures to minimize adverse effects of ex

Road 8 looking north .

would also help to minimizethe aesthetic im

TE pacts.
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are assumed to not live close to contaminated

DOE/EIS -0268

4.3.7.2.3 Shut Down and Maintain
ters ) exposing about 340 acres (1.4 square kilo

meters) of sediment (Figure 4-36 ) (DOE 1995a).

Aesthetic impacts under this alternative would

be the same as those noted for the Shut Down
DOEcollected samples from the exposed sedi

and Deactivate Alternative, except DOE could ments of Par Pond in early 1995, shortly before

restart the River Water System if necessary .

refilling the reservoir after the drawdown. The

Section 3.3 contains possible reasons for restart sampling was confined to elevations between

ing the system .

190 and 200 feet (58 and 61meters) above

mean sea level,which included sediments likely

4.3.8 OCCUPATIONAL AND PUBLIC
to be exposed when the water level can fluctuate

HEALTH
naturally , as expected under the alternatives.

The sediments were analyzed for a number of

4.3.8.1 Affected Environment
radionuclides andmetals. Some of the soil

samples were analyzed for organic contami

Releases from R -Reactor in the form of process
nants, none of which were detected above EPA

leaks, purges, andmakeup cooling water have or Canadian screening criteria for contaminants

contaminated Par Pond with low levels of radio in terrestrial soils (Paller and Wike 1996b).

active materials, primarily cesium -137

[originally 222 curies in Par Pond, the
DOE detected a number of radionuclides in the

R -Reactor canals, and Lower Three Runs (DOE
Par Pond sediments , but only cesium - 137 oC

1995a)]. All radiological releases except tritium curred consistently and at levels well in excess

stopped after the shutdown of R -Reactor in of levels at the control sites. The geometric

1965. Mostof the cesium - 137 resides in the mean concentration of cesium -137 was 7.2 pi

upper 1 foot (0.3 meter) of fine sediments, in the cocuries per gram ; themaximum was 56.7 pi

original stream corridors. Because its half-life cocuriesper gram (Paller and Wike 1996b).

is 30 years, more than half of the cesium -137

associated with Par Pond has decayed since the DOE detected mercury in exposed dry sedi

releases occurred [currently about 43 curies re ments in concentrations high enough to be of

main in Par Pond, more than two- thirds below
possible concern . Mercury concentrations were

the 190- foot (57-meter) level]. Elevated levels characterized by a geometricmean and maxi

ofmercury have accumulated in sediments from
kilo

mum levels of62 and 485 microgramsper

water pumped from the Savannah River (DOE gram , respectively .

1995c).

4.3.8.2 Environmental Impacts

In 1995 DOE completed an environmentalas

sessment that enabled the cessation of pumping The 1995 environmental assessment (DOE

from the River Water System to Par Pond. Until 1995a) estimated human health impacts from a

that time, DOE had maintained the water level
naturalfluctuation in Par Pond. However, DOE

in Par Pond at full pool (approxi
mately calculated these impacts in accordance with

199.2 feet (59.7 meters)]with the addition of

flow from the River Water System . DOE

guidance provided by the EPA (EPA 1989),and

limited them to individuals working and living

stopped the pumping to reduce operating costs

and, as a result, Par Pond water levels fluctuate

(residentialscenario ) close to contaminated

naturally, depending only on rainfall and

sediments. The impacts, therefore, representa

groundwater recharge. Asa result, the surface

conservative upper bound of risk probability.

water level of Par Pond is likely to fluctuate

naturally from a full pool of approxim
ately

Impacts calculated for this EIS are based on

199.2 feet (60.7 meters ) to 196 feet (59.7 me

more realistic exposure parameters (e.g.,people
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Figure4-36. Exposed sediment areas in Par Pond at the 58.8 -meter (196 -foot) level and the P- and

R -Reactor river water distribution system .
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sediments). In addition ,this EIS projects im

pacts to remote receptors ( e.g., uninvolved

workers,offsite maximally exposed individual)

with the use of analytical computer codes

[MEPAS (Droppo et al. 1995)) to estimate envi

ronmental transport. Finally, risk probabilities

calculated for the environmental assessmentre

late only to the incidence (morbidity ) of cancer

resulting from exposures to radionuclides,

whereas this EIS estimatesthe probability of

latent fatal cancers (mortality ) resulting from

exposure to radiological constituents aswell as

hazard indexes and cancer morbidity resulting

from exposures to nonradiological constituents.

through inhalation of this radioisotope for Par

Pondbecause incremental changes in impacts

would be extremely small in comparison to the

other impacts evaluated. This is because the

quantity of tritium volatilized from the surface

water is directly proportional to the total area of

surface water exposed to the atmosphere, and

this area has changed only slightly from baseline

conditionsdue to previous NEPA actions.

4.3.8.2.1 No Action

Due to the elevated levels ofmercury and ce

sium - 137 identified in Par Pond sediments,

DOE does not anticipate that future land use

scenarios would include recreationaluse by

members of the public without some level of

remediation . Because DOE does not know the

required degree of remediation , it cannot calcu

late potential impacts from future land use by

members of the public . However, the future

land use scenario for onsite industrialworkers

assumes no remediation .

Public Health Impacts

Radiological Impacts

For the No-Action Alternative, the surface water

level of Par Pond would fluctuate naturally from

full pool of approximately 200 feet (61meters)

to 196 feet (59.7 meters), exposing about

340 acres ( 1.4 square kilometers) of sediment

(Figure 4-36 ) (DOE 1995a). The level would

remain at about 198.4 feet (59.7 meters) 75 per

cent of the time (Gladden 1996a), exposing only

about 114 acres (0.5 square kilometer ) of sedi

ment. These sediments would dry and become

resuspended in the atmosphere, available for in

halation by onsite workers and the offsite

population within 50 miles (80 kilometers) of

the SRS. In addition , the contaminated sedi

ments would provide direct pathways for current

and future land use scenarios to the involved

workers.

To estimate the health effects associated with

the No-Action Alternative on the public, radio

logical doses for the current land use scenario

were calculated to the maximally exposed indi

viduals and population groups. For Par Pond,

only atmospheric releases from exposed sedi

ments were evaluated because incremental

changes to water releases through the dam

would be very small. Therefore, this EIS does

not calculate doses and resulting impacts from

liquid releases for members of the public.

To provide a realistic and not overly conserva

tive analysis, concentrations (Paller 1996 ) were

averaged over the average exposed areas

(Gladden 1996c) of dry sediment to use as input

parameters to theMEPAS computer code.

TE Table 4-55 lists spatially averaged concentra

tions and the resulting inventory from this

evaluation .

TE Table 4-56 lists calculated dosesresulting from

atmospheric releases under the current land use

scenario . The annual doses (6.5 x 10-6 rem to

the offsite maximally exposed individual and

2.3 x 10-3 person-rem to the offsite population)

would be small fractions of the doses from total

SRS releases in 1995 [0.20 millirem to the

maximally exposed member of the public and

person-rem to the population (Amett,

Mamatey, and Spitzer 1996)].

Although tritium is present in Par Pond surface

waters [1.0 picocurie permilliliter (Simpkins

1996c)], this EIS doesnot evaluate volatiliza

tion , atmospheric transport, and exposure
5.1
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TETable 4-55. Average concentrations and inventory of radionuclides andmetals in Par Pond sediments.a

Concentration Inventory

Radionuclides
(pCig) (curies)

Cesium - 137 10.9 2.41

Cobalt -60 0.04 0.0088

Metals
(ug/kg) (grams)

Mercury 76.9 1.70 x 104

Thallium 4.1 9.05 x 102

Manganese 169 3.73 x 104

a . Source : Paller and Wike ( 1996a).

Table 4-56. Radiological doses and resulting impacts associated with the No-Action Alternative andre

sulting health effects to the public.a

Individual Population

Totaldose Probability of Totaldose Number of

Receptor(s)b ( rem ) fatal cancer (person- rem ) fatal cancers

Offsite maximally exposed individual

Annual 6.5 x 10-6 3.3 x 10-9 NAC NA

Lifetimed 2.3 10-4 1.1 x 10-7 NA NA

Population

Annual NA NA 2.3 x 10-3 1.1 x 10-6

Lifetimed NA NA 7.6 x 10-2 3.8 x 10-5

a. Supplemental information provided in Tables C -35 and C-36 in Appendix C.

b. The doses to the public from total SRS operations in 1995 were 0.20 millirem to the offsite maximally exposed

individual (0.06 millirem from airborne releases and 0.14 millirem from aqueous releases) and 5.1 person -rem

to the regional population (3.5 person -rem from airborne releases and 1.6 person-rem from aqueous releases);

Source: Arnett,Mamatey,and Spritzer (1996 ).

NA
= notapplicable.

d. Based on 70 years of exposure; doses are corrected for radioactive decay.

C.

Nonradiological Impacts Occupational Health

Radiological ImpactsTable 4-57 lists thehazard index associated with TE

the No-Action Alternative. The calculated haz

ard index for themaximally exposed individual

would be a small fraction of 1 and, therefore ,

this individual would not experience adverse

health effects .

Doses to involved and uninvolved workers were

estimated for the No- Action Alternative using

the exposure assumptions discussed in Sec

tion 4.1.8.2.2. Table 4-58 lists the incremental |
TE
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Table 4-57. Nonradiological,noncarcinogenic hazard index associated with the No-Action Alternative

formembers of the public.a

Receptor
Totalhazard index

Offsite maximally exposed individual
1.5 x 10-4

a. Supplementalinformation is provided in Table C -37 in Appendix C.

Table 4-58. Worker radiological doses associated with the No- Action Alternative and resulting health

effects.a

Individual All workers

Dose

(rem )

Probability of

fatal cancer

Dose

(person -rem )

Number of

fatal cancers
Receptor(s)

Involved workerb (currentuse)

Annualc 4.2 x 10-4 1.7 x 10-7 2.9 x 10-2 1.2 x 10-5

Lifetimed 2.0 x 10-3 7.9 x 10-7 1.4 x 10-1 5.5 x 10-5

Involved workere (future use)

Annualc 2.3 x 10-2 9.4 x 10-6 1.6 6.5 x 10-4

TC

Lifetimed 4.4 x 10-1 1.8 x 10-4 3.1 x 101 1.2 x 10-2

Uninvolved workerf

Annualc 7.7 x 10-8 3.1 x 10-11 8.1 x 10-6
3.2 x 10-9

Lifetimed 1.4 x 10-6 5.8 x 10-10 1.5 x 10-4
6.1 x 10-8

C.

a. Supplemental information provided in Tables C - 38 , C -39, and C -40 in Appendix C.

b . Estimated to be 70 workers.

Annualindividual worker doses can be compared with the regulatory dose limit of 5 rem (10 CFR 835) and

with the SRS administrative exposure guideline of 0.7 rem . Operationalprocedures ensure that the dose to the

maximally exposed worker willremain as far below the regulatory dose limit as is reasonably achievable.

Based on atotal of13,651monitored workers (Kvartek 1996),the 1995 average dose for all site workerswho

received ameasurable dose was 0.019 rem (See Table 4-15).

d. Based on 5 yearsof exposure for current workers and 25 years of exposure for future and uninvolved workers;

doses are corrected for radioactive decay.

Estimated to be 70 workers.

f. L-Area; total uninvolved workers estimated to be 251 [Source: Simpkins (1996c)).

e .

NonradiologicalHealth

worker doses (the increase in dose due to ac

tivities prior to the Par Pond environmental as

sessment (DOE 1995a)]. These doses represent

a small fraction of the DOE limit ( 10 CFR 835 ),

which requires that annualdoses to individual

workers not exceed 5 rem per year, and a small

fraction of the SRS administrative limit of

0.7 rem per year (WSRC 1995d ).

Nonradiological health impacts (hazard index)

were calculated under the current and future

land use scenarios for the involved worker. The

exposure pathways and exposure timeswould

be the same as those discussed in Section

TE |4.1.8.2.1. Table 4-59 lists the results; the
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Table 4-59. Worker nonradiologicalhazard indexes associated with the No-Action Alternative.a

Receptor(s) Total hazard index

Involved worker (currentuse) 3.1 x 10-5

5.6 x 10-4

.

Involved worker (future use )

Uninvolved workerb 1.5 x 10-8

a. Supplemental information is provided in Tables C -41, C -42, and C -43 in Appendix C.

b . L -Area .

calculated hazard indexes for themaximally ex

posed involved worker under the currentand

future land use scenarios would be a small frac

tion of 1. Therefore, these individuals would

not experience adverse health effects.

For the uninvolved worker, assumed to be in

L -Area, the calculated hazard index would be a

very small fraction of 1 and, therefore, this in

dividual would not experience adverse health ef

fects.

one of these sources at the same time, DOE has

combined these effects, where appropriate, to

estimate the combined impacts. For example ,

offsite and uninvolved worker populations

would be affected simultaneously from L -Lake

and Par Pond atmospheric releases (Figure 4-37

showsrelease points ). However, DOE did not

add the impacts from remote facilities to in

volved worker impacts because it assumes they

are separate work groups. The following sec

tions discuss the assumptions used to estimate

the combined impacts of these and other re

leases under each alternative .
4.3.8.2.2 Shut Down and Deactivate

4.3.8.3.1 No Action

Public Health Impacts

For the Shut Down and Deactivate Alternative ,

Par Pond would maintain the samewater levels

as those described under theNo-Action Alter

native. Therefore , impacts to workers and

members of the public under Shut Down and

Deactivate would be the same as those underNo

Action .

4.3.8.2.3 Shut Down and Maintain

As described in Section 4.2.8.2.1, DOE did not

calculate public health impacts associated with

the No-Action Alternative for SRS streams.

Therefore, the combined radiological and non

radiological impacts formembers of the public

under theNo-Action Alternative would consist

of the combination of the impacts listed in Ta

bles 4-17, 4-18, 4-56 , and 4-57. The following

paragraphs describe impacts to the combined

maximally exposed individual.

TE

For the ShutDown andMaintain Alternative,

Par Pond would maintain the samewater levels

as those described under the No -Action Alter

native. Therefore, impacts to workers and

members ofthe public under Shut Down and

Maintain would be the sameas those under No

Action.

Radiological Impacts

TE

4.3.8.3 Combined Impacts

This EIS presents human health impacts from

three
separate sources: L -Lake, SRS streams,

and Par Pond. Because some population groups

would be affected by releases from more than

Table 4-60 lists combined doses and resulting

impacts to individuals and population groups for

the No-Action Alternative . Under the current

land use scenario , themaximally exposed indi

vidual was determined by normalizing atmos

pheric releases from L -Lake (tritium ) and Par

Pond to a center-of-Site reference and then
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Figure 4-37 . Atmospheric release locations.
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cancers

Table 4-60. Combined radiological doses and resulting impacts associated with the No-Action Alterna

tive and resulting health effects to the public.a

Individual
Population

Receptor(s)b Total dose Probability of Total dose Number of fatal

(millirem ) fatal cancer
(person -rem )

Offsite maximally exposed individual

(current use)

Annual
6.6 x 10-3 3.3 x 10-9 NAC NA

Lifetimed 2.3 x 10-1 1.1 x 10-7 NA NA

Offsitemaximally exposed individual

(future use )

Annual 3.8 x 10-1 1.9 x 10-7 NAC NA

Lifetimed
1.3 x 101 6.6 x 10-6 NA NA

Population

Annual NA NA 3.6 x 10-3 1.8 x 10-6

Lifetimed NA NA 1.0 x 10-1 5.0 x 10-5

a. Supplemental information provided in Tables 44, 45, and 46 in Appendix C.

b . The doses to the public from total SRS operations in 1995 were 0.20 millirem to the offsite maximally exposed

individual (0.06 millirem from airborne releases and 0.14 millirem from aqueous releases) and 5.1 person -rem to

the regional population ( 3.5 person-rem from airborne releases and 1.6 person -rem from aqueous releases ).

Source : Arnett, Mamatey, and Spitzer (1996).

C. NA = not applicable.

d . Based on 70 years of exposure; doses are corrected for radioactive decay.

Assumes future recreational use of L -Lake.e .

adding theresulting impacts from each source

facility . The combined maximally exposed in

dividualwas determined to reside in the east

sector at the Site boundary.

would be small fractions of the doses from total

SRS releases to in 1995 [0.20 millirem to the

maximally exposed member of the public and

5.1 person-rem to the population (Arnett,

Mamatey, and Spitzer 1996 )).

For the future land use scenario, which assumes

that only L -Lake would have future recreational

use by members of the public, DOE determined

the combined maximally exposed individual im

pacts by adding the future land use impacts for

L -Lakewith the current land use impacts for Par

Pond.

The combined impacts to offsite populations

were determined by adding the population doses

and resulting impacts listed in Tables 4-17 and

4-56 .

Under the future land use scenario , the annual

dose (0.38 millirem ) to themaximally exposed

individualwould be higher than under the cur

rent land use scenario but the resulting prob

ability of developing a fatal cancer (1.9 x 10-7 )

would still a be small fraction of the natural in

cidence of cancer from all causes. The annual

population dose (3.6 x 10-3 person -rem ) under

future land use scenarios would remain un

changed from the current land use scenario . The

offsite population receiving this dose for

70 years would be likely to develop 5.0 x 10-5

additional cancers. This is a small fraction of

the number ofcancers that would be expected in

the same period of time from all causes

(157,900) in the SRS 50 -mile (80-kilometer )

population.

TE

Table 4-60 lists combined annual doses result

ing from releases under the current land use

scenario . The annualdoses (6.6 x 10-3 millirem

to the offsite maximally exposed individual and

3.6 x 10-3 person-rem to the offsite population)
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TE

causes.

Nonradiological Impacts To estimate the combined impact for theunin

volved workers in L -Area, appropriate values

TE| Table 4-61 presents the combined hazard index tc from Tables 4-19 and 4-58 were summed.

for the maximally exposed individual under the

TE current and future land use scenarios. For the TE | As listed in Table 4-62,the combined probabil

current land use scenario , themaximally ex ity that the involved worker would developa

posed individual is exposed only from atmos fatal cancer sometimeduring his lifetime asthe

pheric releases from exposed sediments of Par result of a single year's exposure to radiation

Pond. This hazard index (1.5 x 10-4 ) was listed under theNo-Action Alternative and current

TE ) in Table 4-57. For the future land use scenario , land use scenario would be 1.7 x 10-7. For the

the hazard index resulting from the future use of total involved workforce, the collective radia

TE L -Lake ( Table 4-18) would be added to the cur tion dose could produce up to 1.2 x 10-5 addi

rent use hazard index for Par Pond. As listed in tional fatal cancer as the result of a single year's

Table 4-61, the combined hazard index would exposure ; over a 5 -year career, the involved

be less than 1. The cancer risk associated with worker could have 5.5 x 10-5 additional fatal

exposure to beryllium in the surface water of cancer as a result of exposure .

L -Lake (3.1 x 10-7) represents a small fraction

of the natural incidence of cancer from all Under the future land use scenario, the com

bined probability that the average involved

worker would develop a fatal cancer sometime

TE Occupational Impacts during his lifetime as the result of a single

year's exposure to radiation under the No

To determine combined impacts to involved TC | Action Alternative would be 9.4 x 10-6,or ap

workers, DOE assumed that the impacts result proximately 1 in 100,000 . For the total involved

ing from work around L -Lakewould notbe workforce , the collective radiation dose could

additive to those resulting from work around Par TC produce up to 6.5 x 10-4 additionalfatalcancer

Pond because the involved workers for each

as the result of a single year's exposure;over a

source facility would represent a separate work 25-year career, the involved workers could have

group . TC 1.2 x 10-2 additional fatal cancer as a resultof

exposure.
RadiologicalImpacts

The combined probability of any individual un

Based on these assumptions, the combined im

TE pacts listed in Table 4-62 for the involved
involved worker developing a fatal cancer asa

result of the estimated exposure would be

worker represent the greaterofthe doses and re

TC sulting impacts listed in Tables 4-19 and 4-58 .

TC 1.6 x 10-11. For the total uninvolved workforce,

the collective radiation dose could produce up to

Table 4-61. Combined nonradiologicalhazard indexes and cancer risk associated with the No-Action

Alternative formembers ofthe public.a

Annual (lifetime)

Receptor(s) Total hazard index latent cancer riskc

Offsitemaximally exposed individual 1.5 x 10-4
0

(current use )

Offsite maximally exposed individual 6.2 x 10-2

(future use )d
(2.1 x 10-5)

See Tables C -47 and C -48 in Appendix C.

b . Includes direct exposure pathways.

Resulting from exposure to beryllium in L -Lake surface water.

d . Assumes future recreational use of L -Lake.

TE

3.1 x 10-7

a .

C.
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Table 4-62. Combined worker radiological doses and resulting impacts associated with theNo-Action

Alternative.a

TE

Individual All workers

Receptor (s )b Number of fatal

Dose (rem )

Probability of

fatal cancer

Dose

(person -rem ) cancers

4.2 x 10-4 2.9 x 10-2 1.2 x 10-51.7 x 10-7

7.9 x 10-72.0 x 10-3 1.4 x 10-1 5.5 x 10-5

Involved workerb (current use )

Annualc

Lifetimed

Involved workerb (future use)

Annualc

Lifetimed

Uninvolved workerf

Annualc

Lifetimed

2.3 x 10-2 9.4 x 10-6 1.6e 6.5 x 10-4

TC

4.4 x 10-1 1.8 x 10-4 3.1 x 101 1.2 x 10-2

1.6 x 10-114.0 x 10-8

6.5 x 10-7

1.0 x 10-5

1.6 x 10-4

4.0 x 10-9

6.5 x 10-82.6 x 10-10

a . Supplemental information provided in Tables C -49 through C -54 in Appendix C.

b . Estimated to be 70 workers .

c . Annual individualworkerdoses can be compared with the regulatory dose limit of 5 rem (10 CFR 835 ) and with

the SRS administrative exposure guideline of 0.7 rem . Operational procedures ensure that the dose to the

maximally exposed worker will remain as far below the regulatory dose limit as is reasonably achievable. Based

on a total of 13,651monitored workers (Kvartek 1996 ), the 1995 average dose for all site workers who received

a measurable dose was 0.019 rem ( see Table 4-15 ).

d . Based on 5 years of exposure for currentworkers and 25 years of exposure for future and uninvolved workers;

doses are corrected for radioactive decay .

Total for all involved workers; 1995 total for allworkers was 256 person-rem (see Table 4-15). | TE

f. L -Area; estimated to be 251 workers (Source: Simpkins (1996c)).

TE

e .

addition , the cancer risk to themaximally ex

posed involved worker would be a small frac

tion of the natural incidence of cancer from all

an additional4.0 x 10-9 fatal cancer as the result TC

of a single year's exposure; over a 25-year ca

reer, the uninvolved workers could have

6.5 x 10-8 additional fatal cancer. This is a

small fraction of the natural incidence of cancer

from all causes and would be, therefore, a

minimal impact.

TC causes .

For the uninvolved worker assumed to be in

L -Area, the combined hazard index of 1.5 x 10-8

is a very small fraction of 1 and, therefore, this

individual would not experience adverse health

effects attributable to exposure pathways after

L -Lake dewatering.

Nonradiological Impacts

4.3.8.3.2 ShutDown and Deactivate

The combined nonradiological health impacts

(hazard index) and cancer risks were calculate

for the current and future land use scenarios for

the involved worker. The exposure pathways

and exposure times would be the same as those

discussed in Section 4.1.8.2.1. Table 4-63 lists

the results ; the calculated hazard indexes for the

maximally exposed involved worker under the

current and future land use scenarios would be a

small fraction of 1. Therefore, these individuals

would not experience adverse health effects. In

TE

This alternative would remove two sources of

exposure from consideration : exposures due to

tritium releases from L -Lake would stop be

cause the lakewould recede to the original Steel

Creek corridor, and exposures due to future rec

reationaluse of L -Lake. In addition , although

impacts from Par Pond would remain essentially
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TE Table 4-63. Combined worker nonradiological hazard indexes and cancer risks associated with the No

Action Alternative.a

Annual (lifetime) latent

Receptor(s)b Total hazard index
cancer risk

Involved worker 2.1 x 10-4 9.1 x 10-9

(currentuse )
(4.5 x 10-8)

Involved worker
5.6 x 10-4

1.3 * 10-8

( future use )
(3.1 x 10-7)

Uninvolved worker 1.5 x 10-8
Nad

(NA )

a . Supplemental information is provided in Tables C -55, C -56 , and C -57 in Appendix C.

b . Nonradiological carcinogens are not released to the atmosphere.

L -Area.

d . NA = not applicable .

C.

each source facility . The combined maximally

exposed individualwould reside in the east

sector at the Site boundary .

unchanged from those for the No- Action Alter

native, the exposure of dry sediments in the

L -Lake bed would create a new setofexposure

pathways. The combined public and occupa

tional health impacts are described in the fol

lowing sections.

The combined impacts to offsite populations

were determined by adding the population doses

and resulting impacts listed in Tables 4-21 and

4-56 .

TE

As described in Section 4.2.8.2.2 , DOE did not

calculate radiological and nonradiological pub

lic health impacts resulting from activities as

sociated with SRS streams under the ShutDown

and Deactivate Alternative. Therefore, as with

the No- Action Alternative , public health im

pacts under this alternative would consist of a

combination of impacts listed in Tables 4-21,

| 4-22 , 4-56,and 4-57. These impactswere

combined to determine the location and result

ing impacts to the combined maximally exposed

individual, and population doses were summed .

As listed in Table 4-64, the annual doses

(6.9 x 10-3 millirem to the offsite maximally

exposed individual and 2.7 x 10-3 person-rem to

the offsite population )would be small fractions

of the doses from total SRSreleases to in 1995

[0.20 millirem to themaximally exposed mem

ber ofthe public and 5.1 person-rem to the

population (Arnett, Mamatey, and Spitzer

1996 )]. These doses would result in cancer

probabilities much smaller than the natural

probabilities of developing cancer from all

TE

Public Health Impacts
causes.

Radiological Impacts
Nonradiological Impacts

TE Table 4-64 lists the combined doses and result

ing impacts to individuals and population

groups for the Shut Down and Deactivate Alter

native. Themaximally exposed individualwas

determined by normalizing atmospheric releases

from L -Lake and Par Pond to a center-of-Site

reference and adding resulting impacts from

Under the Shut Down and Deactivate Alterna

tive, themaximally exposed individual would

be exposed to atmospheric releases from ex

posed sediments of L -Lake and Par Pond and

liquid releases from sediment runoff from

L -Lake. DOE determined the combined hazard

indexbyadding the hazard index resulting
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1

cancer

Table 4-64. Combined radiologicaldoses associated with the Shut Down and Deactivate Alternative and TE

resulting health effects to the public.a

No Action Shut Down and Deactivate

Probability or Probability or

number of fatal number of fatal

Receptor(s ) Totaldose Total dose cancer

Offsitemaximally exposed individual

Annual (millirem ) 6.6 x 10-3 3.3 * 10-9 6.9 x 10-3 3.5 x 10-9

Lifetimed (millirem ) 2.3 x 10-1 1.1 x 10-7 2.4 x 10-1 1.2 x 10-7

Population

Annual (person-rem ) 3.6 x 10-3 1.8 x 10-6 2.7 x 10-3 1.4 x 10-6

Lifetimed (person -rem ) 1.0 x 10-1 5.0 x 10-5 9.7 x 10-2 4.9 x 10-5

TC

a. Supplemental information provided in Tables C -58 and C -59 in Appendix C.

b. The doses to the public from totalSRS operations in 1995 were 0.20millirem to the offsite maximally exposed

individual (0.06 millirem from airbornereleases and 0.14 millirem from aqueous releases) and 5.1 person -rem

to the regional population (3.5 person -rem from airborne releases and 1.6 person-rem from aqueous releases).

Source: Amett,Mamatey, and Spitzer (1996 ) .

For the offsite maximally exposed individual, probability of a latent fatal cancer; for the population,numberof

fatal cancers.

d. Based on 70 years of exposure; doses are corrected for decay.

C.

Radiological Impacts

TE

from L -Lake (Table 4-22) to the hazard index

for Par Pond (Table 4-57). Aslisted in Ta

ble 4-65, the combined hazard index is a small

fraction of 1 and, therefore, the exposed indi

vidualwould not experience any adverse health

effects. In addition , the combined cancer risk

would represent a small faction of thenatural

incidence of cancer from all causes.

TE

Based on these assumptions, the combined im

pacts listed in Table 4-66 for the involved

worker represent the greater of the doses and re

sulting impacts presented in Tables 4-23, 4-46,

and 4-58. DOE determined the combined im

pacts for the uninvolved workers in L -Area by

adding the appropriate values from Tables 4-23

and 4-58 (uninvolved workers would notbe im

pacted by SRS streams).

TE

OccupationalHealth Impacts

TE

For the Shut Down and Deactivate Alternative,

DOE calculated occupational exposures to ra

diological and nonradiological constituents for

L -Lake (see Tables 4-23 and 4-24), SRS streams

(Tables 4-46 and 4-47), and Par Pond

(Tables 4-58 and 4-59). To determine combined

impacts to involved workers,DOE assumed that

the impacts resulting from work around one

facility would not be additive to those resulting

from work around other facilities because the

involved workers for each source facility would

represent a separate work group .

As listed in Table 4-66, the combined probabil- TE

ity that the involved worker would develop a

fatal cancer at some timeas the result of a single

year's exposure to radiation under the Shut

Down and Deactivate Alternative and current

land use scenario would be 1.7 x 10-7 ,

proximately 2 in 10 million . For the total in

volved workforce, the collective radiation dose

could produce up to 1.2 x 10-5 additional fatal

cancer as the result of a single year's exposure;

or ap
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Table 4-65 . Combined nonradiological hazard index and cancer risks associated with the Shut Down

and Deactivate Alternative for members of the public.a

No Action Shut Down and Deactivate

Annual (lifetime) latent

Hazard index Hazard index cancer riskb
Receptor(s)

Offsitemaximally exposed

individual

1.5 x 10-4 2.2 x 10-1 8.0 x 10-9

(5.6 x 10-7)

a. Supplemental information is provided in Table C -60 in Appendix C.

b . Resulting from inhalation of chromium and beryllium in contaminated sediments.

cancer

1.7 x 10-7

7.9 x 10-7

1.2 x 10-5

5.5 x 10-5

1.6 x 10-5

3.0 x 10-4

TE Table 4-66. Combined worker radiological doses associated with the Shut Down and Deactivate Alter

native and resulting health effects.a

Shutdown and Deactivate

No Action Alternative Alternative

Probability or
Probabilityb or

number of fatal
number of fatal

Receptor(s ) Dose Dose cancer

Involved worker (current use )

Annualc (rem ) 4.2 x 10-4 1.7 x 10-7 4.2 x 10-4

Lifetimed (rem )
2.0 x 10-3 7.9 x 10-7 2.0 x 10-3

All involved workerse (current use)

Annual (person -rem ) 2.9 x 10-2 1.2 x 10-5 2.9 x 10-2

Lifetimed (person -rem ) 1.4 x 10-1 5.5 x 10-5 1.4 x 10-1

Involved workers (future use )

Annualc (rem ) 2.3 x 10-2 9.4 x 10-6 4.1 x 10-2

Lifetimed (rem )
4.4 x 10-1 1.8 x 10-4 7.5 x 10-1

TC All involved workerse (future use )

Annual (person -rem ) 1.6 6.5 x 10-4 2.9

Lifetimed (person -rem )
3.1 x 101 1.2 x 10-2 5.2 x 101

Uninvolved workersf

Annualc (rem )
4.0 x 10-8 1.6 x 10-11

6.5 x 10-7 2.6 x 10-10 3.5 x 10-5

All uninvolved workers

Annualc (person-rem )
1.0 x 10-5 4.0 x 10-9 3.7 x 10-4

Lifetimed (person-rem )

1.6 x 10-4 6.5 x 10-8 8.7 x 10-3

a. Supplemental information provided in Tables C -61 through C -66 in Appendix C.

b . For theoffsite maximally exposed individual, probability of alatent fatal cancer;for the population,numberof

Annual individual worker doses can be compared with the regulatorydose limit of5 rem (10CFR 835)and with

the SRS administrativeexposure guideline of 0.8 rem . Operational procedures ensure that the dose tothe

maximally exposedworker willremain as far below the regulatory dose limit as is reasonably achievable. The

TE
1995 average dose for all site workers whoreceived a measurable dose was 256 rem (see Table 4-16).

d. Based on 5 years of exposure for currentworkers and 25years of exposure for future and uninvolved workers

doses are corrected for radioactive decay.

Estimated to be 70 workers .

L -Area .

g . L -Area estimated to be 251 workers (Source: Simpkins (1996c)).

1.1 x 10-3

2.1 x 10-2

1.5 x 10-6

Lifetimed (rem )

5.9 x 10-10

1.4 x 10-8

1.5 x 10-7

3.5 x 10-6

fatal cancers .

C.

e .

f.
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Nonradiological Impactsover a 5 -year career, the involved workers could

have 5.5 x 10-5 additional fatal cancer as a re

sult of exposure.

TE

Under the future land use scenario , the com

bined probability that the involved worker

would develop a fatal cancer at some time as the

result of a single year's exposure to radiation

under the Shut Down and Deactivate Alternative

would be 1.6 x 10-5, or approximately 1 in

100,000. For the total involved workforce , the

collective radiation dose could produce up to

1.1 x 10-3 additional fatal cancer as the result of

a single year's exposure; over a 25 -year career,

the involved workers could have 0.021 addi

tional fatal cancer as a result of exposure.

DOE calculated the combined nonradiological

health impacts (hazard index ) and cancer risks

under the current and future land use scenarios

for the involved worker. Table 4-67 lists these

impacts and risks. The calculated hazard index

for themaximally exposed involved worker un

der the current and future land use scenarios

would be a small fraction of 1. Therefore, these

individuals would not experience adverse health

effects. In addition, the cancer risk to the

maximally exposed involved worker would be a

small fraction of the natural incidence of cancer

from all causes and, therefore, the impactwould

beminimal.

TC

For the uninvolved worker assumed to be in

L -Area, the combined hazard index would be a

very small fraction of 1 and, therefore , this in

dividualwould not experience adverse health ef

fects .

The combined annual probability of any indi

vidual uninvolved worker developing a fatal

cancer as a result of the estimated exposure

would be 5.9 x 10-10. For thetotaluninvolved |TC

workforce, the collective radiation dose could

produce up to an additional 1.5 x 10-7 fatal can

cer as the result of a single year's exposure;

over a 25-year career, the uninvolved workers

could have an additional 3.5 x 10-6 fatal cancer TC

as a result of exposure . These impacts would be

a small fraction of the natural incidence of can

cer from all causes .

4.3.8.3.3 Shut Down and Maintain

For the Shut Down and Maintain Alternative

combined impacts would be the same as de

scribed in Section 4.3.8.3.2 , Shut Down and De

activate.

TE
Table 4-67. Combined worker nonradiologicalhazard indexes and cancer risks associated with the Shut

Down and Deactivate Alternative.a

No Action ShutDown and Deactivate

Totalhazard Annual (lifetime) Totalhazard Annual (lifetime)

Receptor(s)
index latent cancer risk index latent cancer risk

Involved worker (current use) 2.1 x 10-4 9.1 x 10-9 1.1 x 10-2 6.6 x 10-8

(4.5 x 10-8 ) (3.3 x 10-7)

Involved worker (future use ) 5.6 x 10-4 1.3 x 10-8 2.1 x 10-1 1.2 x 10-6

(3.1 x 10-7) (2.9 x 10-5 )

Uninvolved worker 1.5 x 10-8 NAD 1.1 x 10-4 1.4 x 10-9

(NA) (3.6 x 10-8 )

a. Supplemental information is provided in Tables C -67, C -68, and C -69 in Appendix C.

b . NA = Not applicable. Nonradiological carcinogens are notreleased to atmosphere.

L -Area.

TC

C.
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4.4 Environmental Justice

4.4.1 AFFECTED ENVIRONMENT:

COMMUNITY CHARACTERISTICS

Executive Order 12898, Federal Actions to Ad

dress Environmental Justice in Minority Popu

lations and Low - IncomePopulations, directs

Federal agencies to identify and address,as ap

propriate, disproportionately high and adverse

human health or environmental effects of their

programs, policies,and activities on minority

and low -incomepopulations. Executive Order

12898 also directs the Administrator of the En

vironmentalProtection Agency to convene an

interagency Federal Working Group on Envi

ronmental Justice. One task of the Interagency

Working Group is to provide guidance to Fed

eral agencies on criteria for identifying dispro

portionately high and adverse human health or

environmental effects on minority and low

income populations. (Note : This EIS refers to

minority populationsas people ofcolor.) The

Working Group has not yet issued this guidance,

although it has developed draft definitions (EPA

1996 ), which DOE has used in this EIS analysis.

Further, in coordination with the Interagency

Working Group, DOE is developing internal

guidance for implementing the Executive Order.

beyond that distance would be negligible. For

liquid releases, the region ofinterest includes

areas that draw drinkingwater from the River

(Beaufort and Jasper Counties in South Carolina

and Port Wentworth in Georgia ). Combining

these areas, the analysis included data (U.S. Bu

reau of the Census 1990a,b ) for populations in

all census tracts that have at least 20 percent of

their area in the 50 -mile (80-kilometer) radius

and all tracts from Beaufort and Jasper Counties

in South Carolina and Effingham and Chatham

Counties in Georgia, which are downstream of

the Site . DOE used data from each census tract

in this combined region to identify theracial

composition of communities and the number of

persons characterized by the U.S. Bureau ofthe

Census as living in poverty . The combined re

gion contains 247 census tracts, 99 in South

Carolina and 148 in Georgia .

TE Tables 4-68 and 4-69 list racial and economic

characteristics, respectively,ofthe population in

TE | the combined region. Table 4-68 indicates a

total population ofmore than 993,000 in the

area ;of that population , approximately 618,000

(62.2 percent) are white. Within the population

of people of color, approximately 94 percentare

African American . The remainder of the popu

lation ofpeople of color consists ofsmallper

centages ofAsian , Hispanic, and Native

American persons. Figure 4-38 showsthe dis

tribution of people of color by census tractareas

in the SRS region .

Implementation ofthe Proposed Action or alter

natives could result in offsite health impacts due

to airborne and water-borne contaminants. For

air releases, DOE based its standard population

dose analyses on a 50-mile (80-kilometer) ra

diusbecause reasonably foreseeable dose levels

TE| Table 4-68. General racial characteristics of population in the Savannah River Site region of interest.

Percent

State

Total

population

418,685

People of

color

African

American
White

Native

American

peopl
e

of

colorb

Asian
Other

South Carolina
267,639

Hispanic

3,899
151,046 144,147

36.08%

1,734 911
355

Georgia 574,982
350.233 224.749 208.017 7.245 7,463 1,546

39.09 %
478

Total
993,667 617,872 375,795 352,164

37.82 %

11,144 9,197 2,457
833

a . Source: U.S. Bureau of the Census (1990a).

b . People of color population divided by total population.
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Table 4-69 . General poverty characteristics of population in the Savannah River Site region of interest.a TE

Area Total population Persons living in povertyb Percent living in poverty

South Carolina 418,685 72,345 17.28 %

Georgia 574,982 96,672 16.81 %

Total 993,667 169,017 17.01 %

a . Source : U.S. Bureau of the Census (1990b).

b . Families with income less than the statisticalpoverty threshold , which in 1990 was 1989 income of $8,076 for a

family oftwo.

age of the persons in the family . The baseline

threshold for the 1990 census was a 1989 in

comeof $ 8,076 for a family of two.

|TE

Executive Order 12898 does not defineminority

populations. One approach is to identify com

munities that contain a simple majority of peo

ple of color (greater than or equal to 50 percent

of the total community population ). A second

approach suggested by the Interagency Working

Group defines communities of people of color

as those that have higher-than -average (over the

region of interest) percentages of minority per

sons (EPA 1996). For this analysis, DOE has

adopted the second,more expansive, approach

to identify people-of-color communities. DOE

uses two shading patterns in Figure 4-38 to indi

cate census tracts where ( 1) people ofcolor

constitute 50 percent or more of the totalpopu

lation in the census tract, or (2 ) people of color

constitute between 35 percent and 50 percentof

the total population in the tract.

Table 4-69 indicates that in the SRS region,

more than 169,000 persons (about 17.0 percent

of the total population ) are characterized as liv

ing in poverty . In Figure 4-39, shaded census

tracts identify low -income communities. In the

region, 72 tracts (29.1 percent) are low -income

communities, which are distributed throughout

the region ofinterest, but primarily to the south

and west of the SRS.

4.4.2 ENVIRONMENTAL JUSTICE AS

SESSMENT

The combined region has 80 tracts (32.4 per

cent)where populations ofpeople of color

constitute 50 percent ormore of the total popu

lation of the tract. In an additional50 tracts

(20.2 percent), people of color constitute be

tween 35 and 50 percent ofthepopulation.

These tracts are well distributed throughout the

region , although there aremore ofthem toward

the south and in the immediate vicinities of

Augusta and Savannah, Georgia .

This EIS evaluates if communities of people of

color or low income could be recipients of dis

proportionately high and adverse human health

and environmental impacts. Even though DOE

expects little orno adverse health impacts from

any of the alternatives, it analyzed if there

would be disproportionately high and adverse

human health or environmental effects [of these

alternatives ] on minority populations or low

incomepopulations" (Executive Order 12898).

Figures4-38 and 4-39 show communitiesof

people of color and low incomeby census tract.

This section discusses predicted average radia

tion doses received by individuals in those

communities and compares them to the pre

dicted per capita doses that could be received in

the other communities in the 50 -mile

(80-kilometer ) region . This section also dis

cusses impacts of doses that could be received

Low - income communities are defined as those

in which 25 percent ormore of thepopulation is

characterized as living in poverty (EPA 1993b ).

TheU.S. Bureau of the Censusdefines persons

in poverty as those whose income is less than a

" statistical
poverty

threshold.” This threshold is

a weighted average based on family size and the
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CAROLINA
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-Aiken

Barnwell
Savannah

River Site

Savannah

River 49.5 - 52 % depending

on analysis

GEORGIA

Legend:

County boundaries
-

Tract boundaries

Savannah River

Savannah

People ofcolor constitute less

than 35 % of the population

People ofcolor constitute 35 %
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50 % or more of population

Source: U.S. Bureau ofthe Census (1990a).

PK64-
2

Figure 4-38. Distribution of people ofcolor by census tract in the Savannah River Site region of

analysis.
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Figure 4-39. Distribution of low -income census tract in the Savannah River Site region ofanalvsis.
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nonradiologicalpollutant emissionswould have
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in the downstream communities from liquid ef communities would be less than those for the

fluents from all alternatives,and potentialim
other alternatives. The distribution of these

pacts from nonradiological pollutants.
small impacts among communities for the No

Action Alternative would be similar to the dis

Figure 4-40 shows a wheelwith 22.5-degree
tribution of impacts for theShut Down and De

sectors and concentric rings from 10 to 50 miles activate Alternative, which is discussed in

( 16 to 80 kilometers ) at 10 -mile (16-kilometer ) Section 4.4.2.2 . Impactswould be neither

intervals. DOE calculated a fraction of the total highly adverse nor disproportionate and would

TE population dose for each sector (Table 4-70),
presentno environmental justice concerns.

laid the sector wheel over the census tractmap,

and assigned each tract to a sector. If a tract fell 4.4.2.2 ShutDown and Deactivate

in more than one sector, the analysis assigned it

to the sector with the largest value.
TE Figure 4-41 and Table 4-71 show the per capita

distribution of the total population dose (2.40 x

DOE analyzed the impacts by comparing the per 10-3 person-rem ) for this alternativein typesof

capita dose received by each type of community communitieswithin the 50-mile (80-kilometer)

to the other types of communities in a defined region . As shown in Figure 4-41, the analysis

region . To eliminate the possibility that impacts indicates that atmospheric releases would notbe

to a low -population community close to the SRS highly disproportionate among communities of

with a high dose per person would be diluted people of color (population equal to or greater

andmasked by including it with a high than 35 percent of the total population ) or low

population community farther from SRS, the income (equalto or greater than 25 percentof

analysismade comparisonswithin a series of the total population) in the 50-mile region; that

concentric circles, the radii ofwhich increase in is, in a horizontal comparison of Figure 4-41the

10-mile (16 -kilometer) increments. To deter per capita doses would not vary greatly among

mine the radiation dose received per person in
community types.

each type ofcommunity , DOE multiplied the

number of people in each tract by that tract's Section 4.1.8.2.2 discusses predicted potential

dose value to obtain a total population dose for doses to the offsitemaximally exposed individ

each tract, and then summed the population ual and the downstream population from expo

doses for each type ofcommunity over each sure to water
sources . Those doses reflect

concentri
c

circle and divided them by the total people using the Savannah River for drinking

community population to obtain a community water, sports, and food ( fish ). Because the

per capita dose for each circular area. identified communities in the areas downstream

Asdiscussed in Section 4.3.8.3, no adverse

from SRS arewelldistributed and the potential

health effects are likely to occur in any offsite

impacts would be so small, there would be nei

community , including minority and low -income

ther highly adverse nor disproportionate impacts

communities. The following analyses provide

among people of color or low -incomecommu

nities.

details of the distribution of impacts only for the

Shut Down and Deactivate Alternative

(Section 4.4.2.2 ), which would have the greatest

The distribution of carcinogenic and criteria

offsite total population dose.

pollutant emissionswould be essentially identi

cal to those presented for airborne radiological

4.4.2.1 No Action

emissions because the distribution pathways

would be the same. As a result, people of color

Because the total offsite population dose under
or low -income communitieswould notbedis

this alternative would be less than that for either
proportionate

ly
affected by nonradiological

of the other alternatives, the impacts among emissions from any

of the alternat
ives

. Because
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6 x 10-7

5 x 10-7

4x 10-7

3 x 10-7

2x 10-7

TC

1 x 10-7

0 x 100 0-16 km

All

Communities

0-48 kmPersons of

Color greater

than 50 %

Persons of

Color 35 to

50 %

0-80 kmPersons of

Color less

than 35 %

Low Income

Communities Non -Low

Income

Communities

Figure 4-41. Community distributed impacts .

only minimalimpacts for any alternative, and

would not be disproportionately distributed

among different types of communities,no envi

ronmental justice concerns would be related to

these pollutants for any alternative.

would be the same as those for the Shut Down

and Deactivate Alternative, and the impacts

would be neither highly adverse nor dispropor

tionate.

4.4.2.3 ShutDown and Maintain

The distribution of impacts among communities

for the ShutDown and Maintain Alternative

TC
Table 4-71. Estimated per capita annualdose for identified communities in 80-kilometer region .

Persons ofcolor Low income

Greater than 35 percent to Less than Non -low

For all 50 percent of 50 percentof 35 percent of Low income income

Distance communities population population population communities communities

0-16 km 4.33x10-7 3.94x10-7 4.57x10-7 4.07x10-7 1.86x10-7 5.2x10-7

0-32 km 8.09x10-8 3.1x10-8 2.26x10-7 4.07x10-8 4.4x10-8 9.34x10-8

0-48 km 2.22x10-8 5.75x10-9 6.22x10-8 1.37x10-8 1.4x10-8 2.45x10-8

0-64 km 1.48x10-8 4.67x10-9 4.01x10-8 8.31x10-9
1.6x10-8

0-80 km 1.31x10-8 3.95x10-9 3.3x10-8 7.84x10-9 8.62x10-9 1.43x10-8

TC

1x10-8

a .
Per capita dose based on a population dose of 0.002588 person -rem .

b . To convertmiles to kilometers,multiply by 1.6093.
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4.5 Cumulative Impacts

This section presents cumulative impacts from

the Proposed Action on the River Water System

when it is added to impacts from past, present,

and reasonably foreseeable onsite activities and

impacts ofnearby offsite industrial facilities. A

cumulative impact is defined as“ the impact on

the environment which results from the incre

mental impactofthe action when added to other

past, present, and reasonably foreseeable activi

ties regardless ofwhat agency (Federal or non

Federal) or person undertakes such other ac

tions. Cumulative impacts can result from in

dividually minor but collective significant

actionstaking place over a period of time” (40

CFR 1508.7 )

not included because the impacts ofthe Pro

posed Action would be small, and their potential

contribution to cumulative impacts would be

negligible. Sections 4.1.5 , 4.2.5, and 4.3.5 on

ecological resources have captured the cumula

tive effects and, therefore , are not repeated in

this section. The baseline aspects ofeach com

ponent (terrestrial resources, aquatic resources,

wetlands, and threatened and endangered spe

cies) are covered in the affected environment

sections, and the incremental impactof the ac

tions under each alternative are added to that

baseline to define the cumulative impact. In the

analysis DOE considers impacts identified in

Sections 4.3.4.3 (combined atmosphericim

pacts) and 4.3.8.3 (combined occupational and

public health impacts) coupled with emissions

from existing and planned facilities or activities

and background concentrations. This analysis

includes the following facilities or activities:

Associated actions are another componentof

this cumulative impacts section . This analysis

considers associated actions that could not or

would not proceed unless other actionswere

taken previously or simultaneously. Impacts as

sociated with these actions are considered col

lectively with the direct impacts of the Proposed

Action coupled with the impacts of past,pres

ent, and reasonably foreseeable activities.

Existing facilities and activities:

Savannah River Technology Center

F-and H -Area Separations Facility

Replacement Tritium Facility

F /H -Area Effluent Treatment Facility

This analysis assesses cumulative impacts for

the ShutDown and Deactivate Alternative be

cause the No -Action Alternative would have

minimal effects (i.e., ongoing transitionsdue to

limited discharges from the River Water Sys

tem ) and impacts generally would not vary be

tween the two shutdown alternatives. Potential

impacts under the Shut Down and Deactivate

Alternative would be the worst case scenario

because DOE could not restart the system . Un

der the ShutDown and Maintain Alternative,

DOE preserves the capability to pump water

from the RiverWater System if conditions or

mission changes require system operation (e.g.,

recover from unlikely drawdown ofPar Pond).

Future facilities and activities:

Proposed facilities and actions associ

ated with SRS waste management

Proposed facilities and actions associ

ated with interim management of nu

clearmaterials

Proposed facilities and actions associ

ated with stabilization of plutonium so

lutions

Proposed facilities and actions associ

ated with the Defense Waste Processing

Facility

Proposed facilities and actions associ

ated with SRS spent nuclear fuel

This section discusses cumulative impacts for

air resources and public and occupational

health . Impacts in other resource areas ( e.g.,

geologic resources , surface and groundwater re

sources, aesthetic resources, and land use) are
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. Offsite facilities:

Vogtle Electric Generating Plant

related because FFA activities in total could ini

tiate NEPA documentation . The form of docu

mentation would probably follow the preferred

strategy of integrating NEPA values in the

regulatory documents (DOE 1994b ).

4.5.1 ASSOCIATED ACTIONS

DOE has identified five closely related actions

that could be associated with those being con

sidered in this EIS .

K - and L -Area Auxiliary Equipment Cooling

L -Lake Site Evaluation

Remedial Action Process for Onsite Streams

K- and L - Area Auxiliary Equipment Cool

ing

Wastewater Discharges to Onsite Streams

K- and L -Area Fire Protection Services

If the Proposed Action or either of its alterna

tives is implemented , auxiliary equipment

( chilled water and compressed air systems) in

the K-and L -Areas will lose their coolingwater

supply. As a cost saving initiative,DOE re

placed the water-cooled chilled water system

with an air -cooled system and switched com

pressed air system cooling loads to well water

systems in both areas. Also , about210 gallons

per minute (0.013 cubic meter per second) and

190 gallons per minute (0.012 cubic meter per

second) ofwellwater are supplied to the com

pressed air systemsin the K-and L -Areas, re

spectively . Therefore,before operation of the

small pump, DOE has provided well water to

meet current equipment cooling water require

ments.

L -Lake Site Evaluation

An internal draft L -Lake remedial site evalua

tion has resulted in a DOE recommendation for

further investigation of the lake under the FFA .

Because actionsbeing considered by DOE in

this EIS could accelerate the emergence of po

tential hazards being evaluated under the FFA,

DOE believes that the identification and selec

tion of potential remediation strategies for

L -Lake is associated with the Proposed Action

in this EIS .

Wastewater Discharges to Onsite Streams

Remedial Action Process for Onsite Streams

Par Pond, Steel Creek, Fourmile Branch , Pen

Branch , and Lower Three Runs are on the

RCRA /CERCLA Units List and will receive

future evaluation and potential remedial actions

under the requirements of the FFA . The extent

of flow reduction in these streams is the same

under both shutdown alternatives being evalu

ated in this EIS ; such a reduction could accel

erate the emergence of potential hazardsbeing

evaluated under the FFA . Accordingly , DOE

believes that the identification and selection of

potential remediation strategies for the site

streams is an associated action and a potential

impact if it implements the Proposed Action .

DOE believes the FFA actions on L -Lake and

onsite streams and the actions in this EIS are

If DOE implements the Proposed Action , it has

determined that sanitary wastewater from

L -Area would notmeet SCDHEC water quality

criteria withoutblending from other area

sources. Reliable blending water sources do not

exist and consequently DOEmust select an al

ternative wastewater treatment option for

L Area (Section 4.1.2 discusses this alterna

tive's options). Therefore , DOE believes that

the selection and installation of a new sanitary

wastewater treatmentmethod in L - Area is an

associated action , having cost impacts only .

DOE would implement the least costly envi

ronmentally satisfactory option ,which is a sep

tic tank and tile field .

K-and L -Area Fire Protection Services

DOE will continue to use the 25-million - gallon

(1,600-cubic-meter ) 186 -Basins in the K- and

L -Areas as the long-term fire protection water
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the River Water System shutdown,would be

below regulatory standards.

supply sources in those areas. If the River Wa

ter System is shut down,approximately 200

gallonsperminute (0.013 cubic meter per sec

ond) ofwater would be added to each 186 -Basin

to ensure that the required reserve capacity is

maintained. Thismake-up capacity would be

provided by the existing K - and L -Area well

water system . Piping alignments to the well

water systemsin both areas to supply the 186

Basins are associated actions, the impacts of

which would bebounded by historic wellwater

withdrawal rates. DOE believes that auxiliary

equipmentcooling replacement ofriver water

blending for L -Area sanitary wastewater and K

and L -Area fire protection services are associ

ated actions because the Proposed Action would

not proceed until it implemented these actions.

Similarly , the concentrations of radioactive

constituents would be very low . The combined

airbornemaximum -boundary line concentra

tions of cesium - 137 and cobalt-60 from L -Lake

TC and Par Pond would be 1.6 x 10-4 and

6.1 x 10-7 picocuries per liter, respectively .

The cumulative impacts in termsof annual dose

equivalents and health effects is discussed in the

following section .

4.5.3 PUBLIC AND OCCUPATIONAL

HEALTH

4.5.2 AIR RESOURCES

Section 4.3.4.3 describes potential totalmaxi

mum ground-levelconcentrations atthe SRS

boundary resulting from resuspended dried

lakebed sediments from L -Lake and Par Pond.

TE Table 4-72 lists the cumulativemaximum SRS

boundary line ground-level concentrations for

TC air toxics (antimony, arsenic, beryllium , cad

mium , lead ,manganese , and mercury) and the

criteria pollutant (PM10) that could be released

from dried lakebed sediments. This table also

summarizes the combined releases associated

with Par Pond and L -Lake, emissions from ex

isting SRS facilities,background concentra

tions, and emissions expected from future

activities. These data demonstrate that total

modeled concentrations ofnonradiological air

pollutants from the SRS, including those from

Sections 4.1.8 and 4.3.8 describe potentialradio

logical releases from contaminated sediments of

TE | L -Lake and Par Pond , respectively. Table 4-73

lists the radiological doses to the hypothetical

maximally exposed individual and the offsite

population for the public and workers due to the

exposures resulting from current and future SRS

activities, including shutdown of the River Wa

ter System , and from offsite sources. The cu

mulative dose could result in an additional latent

cancer fatality risk of 9.6 x 10-7 per year to that

individualand a total of 0.033 additionalcancer

fatality per year to the 80-kilometer (50-mile)

population from releases of radioactivity. The

shutdown of the River Water System would ac

TC | count for approximately 0.4 percentoftheseef

fects. The cumulative impact could result in

0.31 additional latentcancer fatality to onsite

workers; the shutdown of the River Water Sys

tem would account for a negligible percentage

(0.004 percent) of these health effects.

4.6 Unavoidable Adverse Impacts

The shutdown of the River Water System at the

Savannah River Site would result in somead

verse impacts to the environment. The impact

assessment in this EIS identifies potential ad

verse impacts ; the following paragraphs discuss

those thatwould be unavoidable .

and minor air impacts as a result ofminimalin

creases in the concentration of particulate matter

less than 10 microns in diameter (PM10) and

slight increases in air toxics (including manga

nese, chromium ,mercury,and beryllium ).

The recession of L -Lake associated with the

shutdown alternatives would generate transient

These impacts coupled with those from existing

operations and background values would still
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fall well below applicable State and Federal

standards.

be lost depending on the rate of recession . Fed

erally listed threatened or endangered species,

such as the bald eagle, wood stork , and Ameri

can alligator would be affected directly orby

disruptions and loss to benthic and foraging

habitat. These specieswould be able to disperse

to more suitable habitats in the area. These im

pacts would not affect regional populations.

DOE expects only minor unavoidable adverse

impacts on public or worker health as a result of

the shutdown alternatives. The amount ofra

dioactivity that exposed lakebed sediments

would release would be a small fraction ofre

leases at the SRS and would be well below ap

plicable regulatory standards. The hypothetical

maximally exposed individualwould receive an

annual effective dose equivalentof 6.9 x 10-9

millirem , compared to about 300 millirem from

natural radiation sources.

The shutdown of the River Water System would

result in minor to nonexistent impacts to soils,

groundwater, land use, and aesthetics. A minor

impact to groundwater resources would result to

support small equipment cooling loads in K

and L -Areas that the River Water System sup

plies. Groundwater resources in the area would

accommodate the withdrawal needed to support

these systems.

Exposure to contaminated lakebed sediments for

the onsite worker would be well below estab

lished DOE limits .

Implementing either shutdown alternative

would result in the recession of L -Lake; even

tually L -Lake would reach equilibrium or recede

to stream conditions. The recession of the lake

would be unavoidable and would result in the

loss of up to 1,000 acres (4 square kilometers )

of lacustrine habitat. The loss of habitat would

displace aquatic species, someofwhich could

For themost part, impacts would be similar un

der both shutdown alternatives. However, under

the Preferred Alternative,DOE would preserve

the capability to pump water to reservoirs if un

foreseen and unacceptable impacts occurred .

4.7 Short- Term Uses and Long-Term Productivity

This section considers the short-term uses of the

environmentand the maintenance of its long

term productivity. The implementation of the

Proposed Action would stop river water flow to

L -Lake, butwould not involve construction ,

emissions, decommissioning, or waste genera

tion associated with actions that typically place

short-term demands on resources . However, the

Proposed Action would affect resources of the

L -Lake/SteelCreek ecosystem . The primary

and secondary productivity of the lake would

decrease from the reduction in nutrient loading

that river water inputs had supplied . The

standing crop of fish, in particular, would be re

duced overtime, and ultimately would be re

duced to small populations of stream fish .

Although the productivity of the lake would

shift with recession, the decline in productivity

would be temporary. An increase in terrestrial

productivity would accompany the decline in

aquatic productivity ; as grasses, forbs, shrubs,

and trees recolonized the former lakebed over

time, a variety of terrestrial and semiaquatic

animal species would inhabit the former lake

bed. The regrowth of forested wetlands and

uplands would enhance the long-term produc

tivity and diversity of the area .
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4.8 Irreversible or Irretrievable CommitmentofResources

TE

ciated with L -Lake would be unavoidable. Ta

ble 4-74 details these commitments ofvarious

resources.

The commitment of a resource is irreversible

when the primary and secondary impacts of an

alternative would limit future options for that

resource. An irretrievable commitment is the

use or consumption of recourses neither renew

able nor recoverable for use by future genera

tions. The National Environmental Policy Act

TE requires the identification of irreversible and ir

retrievable commitments of resources.

The DOE Proposed Action and Preferred Alter

native does not involve the construction ofnew

facilities, operational processes, or waste gen

eration that typically would require a commit

mentofresources. The implementation of

either shutdown alternative would result in the

loss of L -Lake, exposure of contaminated sedi

ments, and remobilization of these sediments .

Although the loss of L -Lake is technically re

versible under the Proposed Action to Shut

Down and Maintain the River Water System ,

the commitmentof the natural resources asso

DOE anticipatesno long-term resource com

mitments ( electricity consumption,materials,

etc.). However, the No-Action Alternative

would consume small amounts of energy. Op

erating the River Water System with a 5,000

gallon -per-minute (0.32-cubic-meter-per

second) pump requires approximately

3,600 megawatt hours of electricity annually.

The shutdown alternatives would consumea

TE smallamountof energy to perform the layup

activities. The Preferred Alternativewould con

sume a fraction ofthe amount required under

No Action to perform the surveillance and

maintenance activities necessary to ensure re

start capability . For the range of layup and re

start options, the annual energy consumption

would range from 680 to 2,500 megawatthours.
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Table 4-74 . Irreversibly or irretrievably committed resources.

Alternatives

Resource

Groundwater

Terrestrial

Ecology
H

Aquatic

Ecology

No Action
ShutdownMaintaina

Increased groundwater demand ofapproxi Additional demand atK-and L -Areas of up to

mately 190 and 210 gallons per minute (0.012 200 gallons per minute (0.013 cubic meter

and 0.014 cubic meter per second) from per second) to support fire protection at each

Crouch Branch andMcQueen Branch aquifers reactor.

to provide auxiliary equipment cooling water

in L- and K -Area respectively .

As L -Lake recedes there will be a loss of

shoreline habitat for semiaquatic and terres

trial animals using the reservoir for drinking

water and food, a loss of eagle foraging habi

tat and a loss of alligator habitat.

Loss ofwaterfowlhabitat in Par Pond as the The sameresources committed in the No Ac

water level is allowed to fluctuate . tion Alternative for Par Pond would apply .

Continued loss of primary and secondary pro As L-Lake recedes,there willbe a loss of up

ductivity in L -Lake due to the elimination of to a 1000 acres of laucustrine habitat.

Savannah River water inputs .

Aquatic communities in Par Pond and Lower Aquatic communities in L -Lake, Steel Creek,

Three Runswill be reduced in number, di Lower Three Runs, and Par Pond will be re

versity, and productivity . duced in number, diversity ,and productivity .

Entrainment losses ofan estimated 234,000

larval fish and 117,000 fish eggs each

spawning season with the continued Savannah

River water withdrawals for L -Lake.

Loss of open water and marsh habitat in the The sameresources committed in the No Ac

SteelCreek corridor and delta, and continued tion Alternative would apply .

loss of riparian habitat in Lower Three Runs

due to the prior reduction of flowsto 10 cu

bic feet (0.28meter) per second.

Reduction of littoral zonewetlands around Par The sameresources committed in the No Ac

Pond of up to 200 acres. tion Alternative would apply .

L10-15

L12-03

L15-06

Wetlands

Ecology

a . The sameresources committed in the Shutdown and Maintain Alternative would apply to the Shutdown and Deactivate Al

ternative.
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CHAPTER 5. ENVIRONMENTAL PERMITS AND REGULATIONS

This chapter summarizes major regulatory re

quirements applicable to this environmental im

pact statement (EIS) and the actions the U.S.

DepartmentofEnergy (DOE) is considering.

The requirements come from Federal and State

of South Carolina statutes, regulations, Execu

tive Orders, and compliance agreements. This

chapter also summarizes the statusof compli

ance with these requirements, emphasizing is

sues ofgreatest potential concern to the

decisionmaker.

5.1 National Environmental Policy Act

5.1.1 REQUIREMENTS

The National Environmental Policy Act (NEPA )

of 1969 (42 USC 4321 et seq.) requires Federal

agencies to evaluate the effect their proposed

actionswould have on the quality of the human

environment and to document that effect in a

detailed statement. Further,NEPA requires

agencies to consider the environmental impacts

ofan alternative during the planning and deci

sionmaking stages.

In March 1991 a routine inspection noted a de

pression on the slope of Par Pond Dam . Based

on the inspection report, DOE initiated a pre

cautionary drawdown of Par Pond . After con

sulting with CEQ , DOE prepared a Special

Environmental Analysis (SEA; DOE 1992) that

covered this emergency action in accordance

with the CEQ regulations for implementing

NEPA (40 CFR 1506.11). The special analysis

assessed environmental impacts on the aquatic

and terrestrial ecosystem during drawdown, dam

repair, and refill to full pool [200 feet (61me

ters) above sea level, plus or minus 1 foot (0.3

meter)]

TE

The Council on Environmental Quality (CEQ)

has issued regulations that Federal agencies

must follow (40 CFR 1500-1508). CEQ also di

rected the agencies to develop their own regula

tions to ensure compliance with NEPA

requirements (see theDOE regulations at 10

CFR 1021). An agency must prepare an EIS if

it proposes a major action that could signifi

cantly affect the environment.

DOE then prepared an environmental assess

ment (EA ; DOE 1995a) that evaluated the con

sequences of the proposal to allow the water

level in Par Pond to fluctuate naturally . Section

5.5.2.3 discusses the actions in detail.

5.1.2 STATUS

As a cost-saving initiative, DOE replaced the

last operating 28,000- gallon-per-minute River

Water System pump with a 5,000-gallon -per

minute pump. This projectwas categorically

excluded under NEPA and formsthe basis for

the No- Action Alternative.

TC

The analyses in this EIS that address the envi

ronmentalimpacts of alternative actions comply

with applicable NEPA requirements.

5.2 Atomic Energy Act

5.2.1 REQUIREMENTS

The Atomic Energy Act of 1954 (42 USC 201 et

seq.)makes the Federal government responsible

for regulatory control of the production ,pos

session, and use of three types of radioactive

material: sourcematerial, specialnuclear ma

terial,and by-product material. This Act re

quires DOE to establish standards that protect

human health and the environment to minimize

dangers from activities under DOE jurisdiction .

DOE established an extensive system of stan

dards and requirements, called DOE Orders, to

ensure compliance with the Atomic Energy Act.

In addition to the DOE requirements , this Act,
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Reorganization Plan No. 3 of 1970 [5 USC (app. 5.2.2 STATUS

at 1343) ], and other statutes give the U.S. Envi

ronmental Protection Agency (EPA ) responsi Actions proposed in this EIS that involve the

bility and authority for developing generally
management of radioactive materials would

applicable standards for the protection of the
comply with Atomic Energy Actrequirements

environment from releases of radioactive mate
set forth in DOE Orders and other applicable

rials. EPA has promulgated several regulations
regulations.

under this authority .

5.3 Resource Conservation and Recovery Act

5.3.1 REQUIREMENTS
permit in 1987 and renewed it in 1995. The

permit includes requirements for the remedia

TheResource Conservation and Recovery Act tion ofreleases from solid waste management

(RCRA) regulates the treatment, storage , and
units. The SRS Federal Facility Agreement

disposalofhazardous and solid waste. RCRA (FFA; EPA 1993a) establishes an integrated ap

and Executive Order 12088, “ Federal Compli proach to address both Comprehensive Envi

ance with Pollution Control Standards,” require ronmentalResponse, Compensation and

Federal facilities to comply with RCRA re Liability Act (CERCLA) remedial action re

quirements. A state thatwants to administer
quirements and corrective action for releases

and enforce a hazardous waste program under from solid waste management units under

RCRA can apply to EPA for authorization . The RCRA . Section 5.5 discusses remedial activi

South CarolinaDepartmentof Health and Envi ties under the FFA .

ronmental Control (SCDHEC ) has received

authorization to implement a hazardous waste 5.3.2 STATUS

program in the State of South Carolina. The

EPA and SCDHEC regulations implementing The actions considered in this EIS would com

RCRA (40 CFR 260-280; R.61-79.260-280) de ply with the hazardous waste managementre

fine hazardous wastes and establish require quirements imposed by RCRA . Section 5.5

ments for the transportation, treatment, storage , discusses compliance with RCRA corrective

and disposal of such wastes. action requirements.

SCDHEC and EPA Region IV issued the origi

nal Savannah River Site (SRS)RCRA Part B

5.4 Comprehensive Environmental Response,

Compensation, and Liability Act

5.4.1 REQUIREMENTS
facilities to comply with the Act. DOE is the

EPA administers CERCLA (42 USC 9601 et

CERCLA lead response agency for releases or

threats of releases at the SRS.

seq.), also called Superfund,which provides a

statutory framework for responding to releases

or threats of releases of hazardous substances

Section 107(f) of CERCLA and Executive

and for cleaning up waste sites that contain haz

Order 12580 require Federal officials to act on

ardoussubstances (i.e., remedial response ).

behalf ofthe public as trustees for naturalre

CERCLA and Executive Order 12580,

sources. Because DOE is the SRS land man

“ Sup
erfund Implementatio

n
,” require Federal

ager, it is also the primary Federal trustee.
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evaluating natural resource injuries and for as

sessing damages related to such an injury . If

there is a release or threat of a release from the

SRS, DOE must notify and coordinate its trustee

activities with other state and Federal “ CO

trustees.” As a CERCLA lead response agency,

DOE must conduct a natural resource damage

assessment to determine the ecological threat

posed by an actual orpossible release of a haz

ardous substance (43 CFR 11).

River Site directs the comprehensive remedia

tion of the SRS in accordance with CERCLA

andRCRA, and thus integrates the CERCLA re

sponse
action process

and the correctivemeas

ures provisions ofRCRA Sections 3004(u ) and

3004 (v). The FFA also provides specific direc

tion for the implementation of the CERCLA

naturalresource damage assessment provisions

at the SRS (see Section 5.5).

TC
TC

5.4.2 STATUS

In accordance with Section 120 ofCERCLA,

DOE has entered into an interagency agreement

with EPA and SCDHEC (EPA 1993a ). The

Federal Facility Agreement for the Savannah

Section 5.5 discusses SRS compliance with re

medial response and natural resource damage

assessment requirements.

5.5 Federal Facility Agreement

5.5.1 REQUIREMENTS dance with Section XIV of the FFA, can result

in the listing of areas in Appendix G.2 (No

Further Action ) or they can be a preliminary

step in the remedial action process.

The FFA,which becameeffective on August 16 ,

1993, directs the comprehensive remediation of

the SRS. It contains requirements for site in

vestigation and remediation of releases and po

tential releases of hazardous substances under

CERCLA, and for corrective action for releases

ofhazardouswastes or hazardous constituents

under RCRA (EPA 1993a ). As such, it inte

grates the CERCLA response action process

with the corrective measures provisions of

RCRA Sections 3004(u ) and 3004(v ). The fol

lowing paragraphsdescribe the overall response

action process in the FFA .

The remedial action process is conducted for

units listed in Appendix C , RCRA/CERCLA

Units, of the FFA . DOE has designated someof

these as Operable Units,which generally in

clude contaminated surface water, soils, or

groundwater in designated geographical por

tions of the Site (i.e., an Operable Unit is a geo

graphical location or area). The topography and

hydrology of the Site enable its division into six

larger units,which represent the watersheds of

the primary stream systems. This process des

ignates the stream systems as Integrator Oper

able Units (IOUs). SRS streamsand tributaries

defined as IOUSweremoved from Appendix G

of the FFA to Appendix C ,making them subject

to the development of an RFI/RIwork plan

rather than the site evaluation process .

The first step in the response action process is

the evaluation of newly discovered releases and

potential releases of hazardous substances to

determine if they should be included in Appen

dix G.1 of the FFA, the Site Evaluation List.

Site evaluations,which are described in Section

X ofthe FFA , are preliminary analyses ofpo

tential and known releases to determine theneed

for further investigation under the provisions for

a RCRA Facility Investigation/Remedial Inves

tigation (RFI/RI), removal action ,or no further

action . Removalactions consist of near-term

actions to abate,minimize, stabilize, mitigate, or

eliminate a release or the threat of release.

These actions,which are conducted in accor

The remedial action process for the units listed

in Appendix C includes the development ofan

RFI/RIWork Plan that describes the investiga

tion strategy for the collection ofdata to assess

the nature and extentof the release based on the

Conceptual Site ReleaseModel. RFIRI studies

are conducted in accordance with the work plan

to determine the nature and extent of contami
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Section XLV of the FFA affirmsDOE respon

sibilities as NaturalResource Trustee atthe

SRS. As a trustee, DOE follows established

procedures to assess damages to natural re

sources (43 CFR 11). Further, in accordance

with CERCLA, DOEmust devise and imple

ment a plan to restore, replace , or acquire the

equivalentof such resources .

nation . A Baseline Risk Assessment addresses

the current or potential future impact to human

health and the environment. Next, an evaluation

of various remedial alternatives is performed

using the nine CERCLA criteria contained in

the National Oil and Hazardous Substances

Pollution Contingency Plan (NCP ;40 CFR Part

300). The correctivemeasures study/feasibility

study (CMS/FS) report presents the results of

this analysis. Next, a Statementof Ba

sis/Proposed Plan is prepared and made avail

able for public review of the preferred

alternative . TheRCRA permitmodification and

Record of Decision (ROD ) provide the final

documentation of the selection of the remedial

alternative and the response to public input.

5.5.2 STATUS

The following paragraphs provide information

on the compliance of the alternatives presented

in this EIS to the FFA, in relation to the units

described above .

5.5.2.1 L - Lake

An interim remedial action can be taken to ad

dress a threat in the short term while a perma

nent remedial solution is being developed. The

implementation of interim remedial actions of

ten achieves a quick reduction of risk or the

stabilization of an ongoing migration of releases

of hazardous substances. In general, the interim

nature of these actionsmakes it appropriate to

proceed with the remedy selection process.

Under the No - Action Alternative, the River

Water System would continue to supply water

to the K- and L -Reactor areas and L -Lake would

remain at full pool; under the other two alterna

tives,DOE would shut down the system and

would pumpno water to L -Lake, resulting in the

gradual lowering of the water level to the his

toric stream channel exposing contaminated

sediments. Section 4.1 discusses the affected

environment and impacts to L -Lake.
Appendixes C and G.1 of the FFA identify

components of the River Water System as

RCRA/CERCLA units or Site Evaluation areas,

respectively. Table 5-1 lists these components .

Table 5-1. River Water System components subject to remedialaction under the FederalFacility

Agreement

Unit
Status

Par Pond (including the precooler ponds and canals)

L -Lake

Fourmile Branch IOUC(including unnamed tributary south of C -Area )

Lower Three Runs IOU

Pen Branch IOU (including Indian Grave Branch)

Steel Creek IOU

RCRA/CERCLA unita

Site Evaluation areab

RCRA /CERCLA unit

RCRA/CERCLA unit

RCRA /CERCLA unit

RCRA/CERCLA unit

a .
RCRA /CERCLA units are listed in Appendix C of the Federal Facility Agreement.

b. Site Evaluation areas are listed in Appendix G of the Federal Facility Agreement.

IOU = Integrator Operable Unit.
C.
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DOE is conducting the site evaluation for the L

Lake unit under the requirements set forth in

Section X of the FFA, and has prepared an in

ternal draft site evaluation report. Appendix A

discusses the preliminary characterization and

other remedial activities under the FFA for L

Lake.

TC

t
o

5.5.2.2 SRS Streams

DOE would conduct the remedial action process

for the SRS streams listed as IOUsin Appendix

C of the FFA. Ongoing monitoring and charac

terization (summarized in the SRS Annual Envi

ronmental Report) would continue for each area .

DOE will evaluate each IOU as part of the ongo

ing FFA-driven environmental restoration proc

ess. Impacts at SRS streams would not vary

significantly among the alternatives.

Lowering the elevation of the surface water

level at Par Pond resulted in the exposure of ap

proximately 1,340 acres (5.4 square kilometers)

of sediments contaminated with cesium and

mercury. DOE conducted a limited , qualitative

human health risk assessment on the exposed

sediments. The assessment identified a poten

tial for additional exposure and the need to

evaluate alternatives for reducing that exposure

(WSRC 1992). In addition , DOE performed an

assessmentof environmental risks based on ex

isting information (DOE 1993c). Remedial al

ternatives were developed for the Par Pond

operable unit to reduce the human health and

environment risk from cesium - 137 contamina

tion in the exposed sediments. The selected in

terim remedy consisted of restoring and

maintaining the water level in Par Pond to the

200-foot (61.0 -meter) level after the repair of

the dam (WSRC 1995e).

TE
TE

5.5.2.3 Par Pond

In March 1991 a routine inspection of the Par

Pond Dam noted a small surface depression on

the downstream face. Based on the inspection

report, DOE conducted a detailed structural in

vestigation and initiated a simultaneous precau

tionary drawdown of the Par Pond reservoir. On

July 17, 1991DOE notified EPA Region IV that

possible dam failure at Par Pond could be an

imminent and substantial endangerment to pub

lic alth , safety , and the environment under

CERCLA, Section 104. DOE and EPA viewed

the drawdown of Par Pond as a removal action

under Section 300.415(d )(3 ) of the National

Contingency Plan . From June through Septem

ber 1991 DOE lowered the level from 200 feet

(61.0 meters) to 181 feet (55.2 meters) to reduce

risk and consequences of potential flooding in

downstream communities in the eventof a

catastrophic dam failure. The dam repair was

approved under a CERCLA 106 Abatement Ac

tion Letter (WSRC 1995e). By July 1, 1994 the

repairs were complete and the Par Pond Dam

was structurally sound to restore the reservoir to

predrawdown water levels.

Based on public comments on the interim action

proposed plan,DOE conducted an environ

mental assessment (EA ; DOE 1995a) to evalu

ate potential environmental impacts of allowing

the water level in Par Pond to fluctuate natu

rally. Themodel indicated that the water level

would notbe likely to fall below 196.2 feet

(59.8 meters); therefore, 195 feet (59.4 meters)

became the lower limit for bounding the as

sessmentof the potential environmental impacts

of the natural fluctuation ofthe water level. The

finalEA process ended with a Finding of No

Significant Impact (DOE 1995b). Beyond what

the EA addressed, likely impacts at Par Pond

would not vary among the alternatives consid

ered in this EIS . A review ofPar Pond and the

interim action continue through the implemen

tation of theRemedial Investigation/Feasibility

Study process, which is required in accordance

with the termsof the FFA, with field activities

scheduled to begin during the first quarter of

Fiscal Year 2004 (FFA , Appendix E ). Section

4.3 describes the affected environment and im

pacts to Par Pond.

TE
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5.5.2.4 NaturalResource Damages

NEPA requires Federal agencies to consider the

environmental impacts of an action during the

planning and decisionmaking stages of a proj

ect. The RCRAICERCLA process that DOE has

implemented at the SRS specifically requires an

ecological assessment during thebaseline and

alternatives risk assessment phase . This as

sessment can be a constructive link to the natu

ral resource trustee process because the data

generated for the RCRA/CERCLA study is also

useful for determining injury and quantifying

resource service reductions.

sources within themeaning ofCERCLA

(Section 107 (f) (1 ) ]. Timely considerations of

Natural Resource Damage Assessmentissues

during the NEPA process can be important be

cause Section 107 of CERCLA excludes liabil

ity for damages that result from a dischargeor

release " when the damages are specifically

identified as an irreversible and irretrievable

commitment of a natural resource in an envi

ronmental impact statement or other comparable

environmentalanalysis."

The analyses in this EIS address the environ

mental impacts ofalternative actions in accor

dance with CERCLA and NEPA. Section 4.8

identifies the irreversible and irretrievable

commitments of resources thatwould occur un

der implementation of the Proposed Action .

In addition to the NEPA requirement to identify

any irreversible and irretrievable commitment

ofresources, DOE intends to identify such re

5.6 Emergency Planning and Community Right- to -Know Act

5.6.1 REQUIREMENTS
Executive Order 12856 , " Federal Compliance

with Right-to -Know Laws and Pollution Pre

vention Requirements,” requires Federal facili

ties to comply with the Act.

5.6.2 STATUS

The Emergency Planning and Community

Right-to -Know Act of 1986 (42USC 11001 et

seq.) requires emergency planning including

notification to communities and government

agencies of the presence and release of specific

chemicals. EPA implements the Act (40 CFR

355, 370, and 372). Under Subtitle A , Federal

facilities, including those that DOE owns,must

provide a variety of information (such as inven

tories of specific chemicals used or stored and

releases thatoccur from these facilities) to state

emergency response commissions and local

emergency planning committees to ensure that

emergency plans are ready to respond to acci

dental releases ofhazardous substances.

Each year, DOE submits hazardous chemical

inventory and toxic release inventory reports to

SCDHEC and to localemergency planning

committees in Aiken, Allendale, and Barnwell

Counties. The alternatives in this EIS would not

result in changes to chemical inventories or the

use of toxic chemicals; therefore, DOE antici

pates no changes in the hazardous chemicalin

ventory and toxic release inventory reports.

5.7 Clean Water Act

5.7.1 REQUIREMENTS

The objectivesof the Clean Water Act are to

restore and maintain the chemical, physical, and

biological integrity of thenation's waterways.

This Act prohibits the discharge of toxic pol

lutants in toxic amounts” to navigable waters of

the United States. Section 313 requires the

branches of the Federalgovernmentto comply

with Federal, state , interstate, and localre

quirements. In addition to setting water quality

standards for the nation's waterways, the Act

establishes guidelines and limitations fordis

charges from point sources, and a permitting

program for these sources known as the
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National Pollutant Discharge Elimination Sys

tem (NPDES; 40 CFR 122 et seq .).

implementation ofthe Federal Guidelines for

Dam Safety. FERC performsinspections on

dam structures at DOE facilities, including the

Par Pond and L -Lake Dams, to fulfill the De

partment's responsibility for dam safety .

In 1996 SCDHEC issued NPDES permitNum

ber SC0000175 (SCDHEC 1996c),which ad

dresses the outfalls associated with the River

Water System (Table 5-2 ).

EPA has overall responsibility for enforcing the

Clean Water Actbuthas delegated to SCDHEC

primary enforcement authority forwaters in

South Carolina. Under the South Carolina Pol

lution Control Act, SCDHEC operates a permit

ting program (R.61-9 , “ TheNational Pollutant

Discharge Elimination System ” ). The Clean

Water Act and implementing regulations apply

to naturally occurring and accelerator-produced

radioisotopes. However, they do not apply to

source,by-product, or special nuclear material

as defined by the Atomic Energy Act. DOE

discharges containing radioactive materials that

are not source, by-product, or special nuclear

material would be regulated by Clean Water Act

programs.

Table 5-2. National Pollutant Discharge Elimi

nation System Permit Number SC0000175

outfalls .

Reactor Outfall Receiving water body

C -Reactor C - 4 Fourmile Branch

K -Reactor K - 18 Indian Grave Branch of Pen

Branch

L -Reactor L -07 L -Lake

P -Reactor P - 19 Par Pond

South Carolina classifies all SRS waters as

" freshwaters" (R.61-68). Water quality stan

dards for this classification [R.61-68.G (3 )] indi

cate that these waters are “ suitable for fishing

and the survival and propagation of a balanced

indigenous aquatic community.” In addition,

SCDHEC antidegradation rules (R.61-68.D )

state that the stream flowsnecessary to protect

classified and existing uses and water quality

supporting these uses shall be maintained con

sistentwith riparian rights to reasonable use of

water.”

These outfalls accept discharges, if any, from

theRiver Water System . The K- and L - Area

outfalls also receive sanitary wastewater efflu

ents from the reactor areas. DOE can divert the

flow from outfall P -19 to outfall P -13, which

also receives the sanitary wastewater effluent

from P -Area, and discharge to the headwaters of

Steel Creek above L -Lake. The SRS is in

compliance with NPDES permit requirements

for these outfalls.

5.7.2 STATUS

The following sectionspresent pertinent infor

mation on the compliance status of the alterna

tives considered in this EIS .

5.7.2.1 No Action

Lower Three Runs Creek is a State -designated

navigablewater below Par Pond Dam . The U.S. Te

Army Corps of Engineers (USACE) and

SCDHEC administer permits for construction in

such waters. USACE also issues permits under

Section 404 of the Clean Water Act for the dis

charge of dredged or fill material into navigable

waters. Under Section 401 of the Clean Water

Act, applicants for a permit for an activity that

may result in a discharge to navigable waters

mustreceive certification from SCDHEC that

applicable State water quality standardswill not

be violated .

Small sanitary wastewater treatment plants in

K- and P -Areas discharge through NPDES out

falls to theheadwaters of Indian Grave Branch

and Steel Creek , respectively . DOE has evalu

ated alternatives to resolve the compliance is

sues, if any, that would occur at these NPDES

permitted outfalls ifDOE selected the No

Action Alternative (the small pumpwould

continue to supply river water to L -Area , but the

DOE has sought the assistance of the Federal

Energy Regulatory Commission (FERC) in the
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pumping
of river water to K- and P -Areas would L -Lake. Preliminary

calculations
indicate that

the effluent from the L - Area sanitary wastewa
stop ).

ter treatment plant would not be able to meet the

5.7.2.2 Shut Down and Deactivate SCDHEC standards for water quality without

blending from other area effluents such as river

Navigable Waters Requirements water flows. DOE has prepared a study that

presents three options (using septic tanks and

DOE has consulted with the USACE on the pro tile fields, using spray fields, and tying into the

posed shutdown of the River Water System and existing central system ) and an approximate

potential impacts from the drawdown of L cost for treating the L -Area sanitary wastewater

Lake. USACE solicited comments on the DOE (Huffines 1996b ). If DOE selected a shutdown

proposal from relevant State and Federal per alternative , it would evaluate in detail the cost

mitting and naturalresource agencies, and re impacts of alternativemethods to address

ceived none. Therefore, USACE concluded that compliance for the L -Area sanitary wastewater

no restoration or other remedial action in rela treatment effluent (see Section 4.1.2.2.2).

tion to L -Lake would be necessary (Veal 1996 ).

DOEwould obtain any required permits (e.g.,

DOE also consulted with the FERC on re for septic tank installation) to implement the

quirements related to the L -Lake Dam as a re selected method for treating the L -Area sanitary

sult of the proposed shutdown of the River wastewater.

Water System . FERC indicated thatDOEmust

continue to maintain the dam after the draw 5.7.2.3 Shut Down and Maintain

down in the samemanner as if the lake was still

in place; therefore, this alternative includes
Compliance status and issues under this alterna

these activities. Ongoing maintenance activities tive would be the same as those described in

would include ensuring that the dam gates do Section 5.7.2.2, assuming the layup schemese

notbecome obstructed with debris in a way that lected does not include continued operation of

could cause refill of the reservoir (Jones 1996b). the small pump.

NPDES Permit Requirements

A small sanitary wastewater treatment plant in

L -Area discharges through an NPDES outfall to

5.8 Safe Drinking Water Act

5.8.1 REQUIREMENTS South Carolina Safe Drinking Water Act,

SCDHEC has established a drinking water

The Safe Drinking Water Act protects the qual regulatory program .

ity of public water supplies and other sources of

drinking water. It establishes drinking water The regulationsspecify thatthe average annual

quality standards thatmust bemet. The Act and concentration ofmanmade radionuclides in

Executive Order 12088 direct Federal facilities drinking water delivered to the user shall not

to comply with the Safe Drinking Water Act. produce a dose equivalent greater than 4 mil

EPA has promulgat
ed regulations implementing

the Safe Drinking Water Act (40 CFR 100-149),

and has delegated primary enforcement author

ity to SCDHE
C for public water systemsin

South Carolina. Under the authority of the
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5.8.2 STATUS

DOE does not expect impacts from radiological

releases to downstream water users or SRS

drinkingwater systemsunder the alternatives it

considers in this EIS. These water supplies

would continue to conform to Federal drinking

water standards.

5.9 Clean Air Act

5.9.1 REQUIREMENTS states. In South Carolina, EPA has retained

authority over DOE radionuclide emissions (40

CFR 61) and has delegated to SCDHEC the re

sponsibility for the rest of the regulated pollut

ants and other requirements. Under the

authority of the South Carolina Pollution Con

trol Act, SCDHEC established the State's air

pollution controlprogram .

The Clean Air Act establishes a nationalpro

gram to protect air quality and regulates sources

of air pollution. Requirements include permits,

emissionsand operating standards, and monitor

ing. The Act is intended to protect and en

hance the quality of the Nation's air resources

so as to promote the public health and welfare

and theproductive capacity of its population."

Section 118 of the Act and Executive Order

12088 require each Federal agency with juris

diction over property or facility thatmight result

in the discharge of air pollutants to comply with

" all federal, state, interstate, and localrequire

ments” with regard to the control and abatement

of air pollution

5.9.2 STATUS

The SCDHEC Bureau of Air Quality Control is

sues operating permits and performs Prevention

of Significant Deterioration reviews. None of

the alternatives in this EIS would require new

SCDHEC operating permits or modifications to

existing permits for facilities associated with the

River Water System . No EPA approvals for

radionuclide emissions would be required .The Act requires EPA to :

reEstablish National AmbientAir Quality

Standards as necessary to protect public

health ,with an adequate margin of safety ,

from any known or anticipated effect of a

regulated pollutant

Establish national standards of performance

for new or modified stationary sources or air

pollutants (42 USC 7411)

Evaluate specific emissions increases to

prevent significant deterioration in air qual

ity

The Clean Air Act, as amended in 1990 ,

quires Federal actions to conform to any State

implementation plan approved or promulgated

under Section 110 of the Act. The FinalRule

(40 CFR 51 Subpart W ) provides regulatory

guidelines and de minimis levels. The guide

lines specify requirements for conformity analy

ses. However, Federal actions that do not

contribute pollutants above the specified de

minimis levels are exempt from conformity

analysis requirements. Emissions resulting

from the alternatives considered in this EIS

would be less than the de minimis levels . There

fore, these actions would be exempt from con

formity analysis.

The Government regulates hazardous air pollut

ants, including radionuclides, separately . Air

emissions are regulated in 40 CFR 50-99,and

radionuclide emissions are regulated under the

National Emission Standards for Hazardous Air

Pollutants program (40 CFR 61).

Toxic air pollutant emissions resulting from the

alternatives in this EIS would remain in compli

ance with the South Carolina Standard 8 regula

tions (R.61-62).

EPA has overall authority for the Clean Air Act,

but it can delegate primary authority to the
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The SRS operates within the EPA limits for the

regulation of airborne radionuclides

(40 CFR 61). Airbornereleases from contami

nated sediments exposed as a result of the alter

natives in this EIS would remain in compliance

with these limits .

5.10 Endangered Species Act and Related Statutes

5.10.1 REQUIREMENTS

TC

manner to “kill...anymigratory bird.” Although

no permit for this project is required under the

Act, DOE is required to consult with the Fish

and Wildlife Service regarding impacts to mi

gratory birds to evaluate ways to avoid or

minimize these effects in accordance with the

Fish and Wildlife Service Mitigation Policy

(DOI 1981).

The Endangered Species Act is intended to pre

vent the further decline of endangered and

threatened species and to restore such species

and their habitats. This Act also promotes bio

diversity of genes, communities, and ecosys

tems. The U.S. Department of Commerce

(NationalMarine Fisheries Service) and U.S.

Department of the Interior (Fish and Wildlife

Service) administer the Act jointly. Section 7 of

the Act requires Federal agencies to consult

with the NationalMarine Fisheries Service or

the Fish and Wildlife Service, as appropriate, to

ensure that any action they authorize, fund, or

perform is not likely to jeopardize the continued

existence of an endangered species or to result

in the destruction or adverse modification of

critical habitat of such species unless the agency

receives an exemption in accordance with Sec

Severalother statutes (Fish and Wildlife Coor

dination Act, Anadromous Fish Conservation

TC Act, Bald Eagle Protection Act, and South

CarolinaNongame and Endangered Species

Conservation Act) require Federal and state

agencies to consider the impacts of their actions

on biological resources.

5.10.2 STATUS

tion 7 (h ).

The Migratory Bird Treaty Act, as amended , is

intended to protect birds that have common mi

gration patternsbetween the United States and

Canada,Mexico , Japan , and Russia . It regulates

TC the harvest of migratory birds by specifying

things such as themode ofharvest, hunting sea

sons, and bag limits. The Act stipulates that it is

unlawful at any time, by anymeans, or in any

DOE directed the preparation of a biological as

sessment(LeMaster 1996 ) to evaluate the ef

fects of the proposed actions related to the River

Water System on several Federally protected

species (bald eagle ,wood stork, American alli

gator, and the shortnose sturgeon). DOE has

TC initiated formal consultation with the Fish and

Wildlife Service and NationalMarine Fisheries

Service concerning the impacts of the Proposed

Action .

5.11 Executive Orders 11990 and 11988

5.11.1 REQUIREMENTS undertaken . Agencies are to avoid impacts to

floodplains to the extent practicable. DOE

regulations (10 CFR 1022) establish procedures

for compliance with these Executive Orders.

Executive Order 11990 , “ Protection of Wet

lands,” requires Federal agencies to avoid short

and long-term adverse impacts to wetlands if a

practicable alternative exists. Executive Order

11988,“ Floodplain Management,” directs Fed

eral agencies to establish procedures to ensure

that they consider potential effects of flood haz

ards and floodplain management for any action
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5.11.2 STATUS

Sections 4.1.5 , 4.2.5 , and 4.3.5 contain the

floodplain/wetland assessmentrequired by DOE

regulations ( 10 CFR 1022.12). In addition ,

these regulations require DOE to design or

modify its actions to minimize potential harm to

wetlands or in floodplains (10 CFR 1022.15).

DOE policy is to preserve and protect SRS

wetland resources in accordance with the na

tional goal of “no net loss ” ofwetlands. DOE

would implementthenecessary mitigation

measures to achieve this goal under the alterna

tives considered in this EIS .

5.12 Executive Order 12898

5.12.1 REQUIREMENTS effects of its programs, policies, or activities on

minority populations and low -incomepopula

tions."

5.12.2 STATUS

Executive Order 12898, “ FederalActions to

Address Environmental Justice in Minority and

Low - Income Populations," requires each Fed

eral agency to make achieving environmental

justice part of its mission by identifying and ad

dressing, as appropriate , disproportionately high

and adverse human health and environmental

This EIS incorporates environmental justice in

its analyses of the alternatives .

5.13 CulturalResource Statutes

5.13.1 REQUIREMENTS importance orhuman remains and other objects

belonging to Native Americans. DOE has

committed to provide copies of environmental

impactdocuments related to its activities in the

CentralSavannah River Valley to the Yuchi

TribalOrganization, Inc., the National Council

ofthe Muskogee Creek, and the Indian People's

Muskogee Tribal Town Confederacy .

Culturalresources on the SRS are subject to the

American Indian Religious Freedom Act

(AIRFA ) of 1978 (42 USC 1996 ), theNative

American Graves Protection and Repatriation

Act (25 USC 3001), and theNational Historic

Preservation Act (16 USC 470 et seq.). AIRFA

reaffirmsNative American religious freedom

under the First Amendment and protects and

preserves the rightof American Indians to be

lieve, express, and exercise their traditional re

ligions. The Act requires that Federal actions

avoid interfering with access to sacred locations

and traditional resources that are integral to the

practice of those religions. The Native Ameri

can Graves Protection and Repatriation Act of

1990 directs the Secretary of the Interior to

promote repatriation of Federal archaeological

collections that are culturally affiliated with

Native American tribes and such collections

held by museums that receive Federal funds.

These Actsrequire DOE to notify affected tribes

ofthe discovery of sites or itemsofreligious

The National Historic Preservation Act, as

amended, enables the placementof sites with

significant historic value on theNational Regis

ter ofHistoric Places. The Act requires no

permits or certifications. However, if a Federal

activity could impact a historic property , consul

tation with the Advisory Councilon Historic

Preservation must take place and will usually

lead to a Memorandum of Agreement with

stipulations that the agencymust follow to

minimize adverse impacts. Coordination with

the State Historic Preservation Officer ensures

the proper identification of potentially signifi

cant resources and the implementation of ap

propriate mitigation actions.
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5.13.2 STATUS and initiated reconsultation with the State His

toric Preservation Officer on themitigation of

new sites of historic significance that L-Lake

might inundate or that additional surveys of the

lakemight discover (DOE 1984).

A February 1981 archeological and historic sur

vey of the Steel Creek terrace and floodplain

system revealed five sites that were nominated

to the NationalRegister ofHistoric Places (i.e.,

important and worthy of preservation from ad

verse effects). DOE submitted the survey report

to the South Carolina State Historic Preserva

tion Officer ,which conducted a site visit in

March 1982 and subsequently concurred with

DOE that the proposed L -Reactor restart would

not affect the sites. DOE developed and imple

mented a monitoring plan to protect the sites,

DOE does not expect activities performed under

the alternatives in this EIS to cause impacts to

cultural resources because initial construction in

the affected areas would have destroyed

important resources. DOE would mitigate im

pacts to cultural resources that might be discov

ered through avoidance or data recovery.
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APPENDIX A. INVESTIGATION AND POTENTIAL REMEDIAL

ACTIONS FOR L -LAKE

Federal Facility Agreement (FFA; EPA 1993) ,

which provides the appropriate framework for

planning site remediations.

L10-04

1

As discussed in Section 1.1 , the U.S. Depart

mentofEnergy (DOE) views potential future

remedial actionsregarding L -Lake and actions it

might take in the near term regarding operation

of the River Water System to be connected ac

tions. The purpose of this environmental impact

statement (EIS) is to assist DOE in making a

decision in 1997 on the operation ofthe River

Water System that could change the current

status of L -Lakewith respect to such parameters

as water levels and associated potential risks

from exposure to contaminated lakebed sedi

ments.

The DOE Office ofNational Environmental

Policy Act (NEPA ) Policy and Assistance has

provided recommendations regarding the appro

priate way to address such connected actions in

its NEPA documents (DOE 1993). In accor

dance with these recommendations, DOE de

scribes in this EIS (Section 4.5 ) the cumulative

impacts of the Proposed Action and potential

remedial actions regarding L -Lake that could

result from the FFA process, but is deferring

any analysis ofremedial action alternatives until

they are ready for consideration.

DOE has initiated discussions with EPA and

SCDHEC to ensure appropriate consistency and

coordination is maintained between this opera

tion decision and remedial decisions for L -Lake.

Remedial decisions for the lake will be in ac

cordance with the process set forth in the

L10-04

This appendix supports the cumulative impacts

discussion in Section 4.5 by describing potential

future remedial actions that DOE could take un

der the FFA with respect to L -Lake.

A.1 Current and Potential Future Status of L -Lake Under the Federal

Facility Agreement

As discussed in Section 5.5 , DOE has entered

into an FFA with the U.S. EnvironmentalPro

tection Agency (EPA) and the South Carolina

Department ofHealth and Environmental Con

trol(SCDHEC ) in accordance with Section 120

of the Comprehensive EnvironmentalResponse,

Compensation, and Liability Act (CERCLA).

This agreementestablishes the process DOE

uses to evaluate actually or potentially contami

nated sites at the Savannah River Site (SRS)

and, if necessary, to remediate contaminated

sites with appropriate consideration of the po

tential risks they pose to human health and the

environment.

existing and available information; field inves

tigations conducted during this phase are nor

mally limited in scope. Results of a site

evaluation can provide the basis for no further

action , near-term actions to reduce or eliminate

an actual or potential threat (i.e., a removal ac

tion ),or a decision to list the unit in Appendix C

of the FFA for further evaluation . L -Lake is

currently listed as a Site Evaluation unit in Ap

pendix G.1 of the FFA .

TE

In general,newly discovered sites and other

sites that meritpreliminary evaluation are des

ignated as Site Evaluation units and are listed in

Appendix G.1 of the FFA. These sites receive

formal site evaluations that rely primarily on

Sites listed in Appendix C , called Resource

Conservation and Recovery Act (RCRA )

CERCLA units, are subject to the remedial ac

tion process established in the FFA. This proc

ess generally includes detailed RCRA Facility

Investigation /Remedial Investigation (RFI/RI)

studies to determine the nature and extent of

contamination , a baseline risk assessment to

determine the risk posed by the contamination

A - 1
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|accomplish these objectives withoutcompleting

the final Site Evaluation Report.
L10-01

and, ifnecessary, remedial actions selected on

the basis of a formal Corrective Measures

Study/Feasibility Study (CMS/FS),which in

cludes a rigorous alternatives analysis. Public

comments on the proposed remedialalternative

will be facilitated with a Statementof Ba

sis/Proposed Plan. The RCRA permitmodifi

cation and Record of Decision provide the final

documentation of the selection of remedialal

ternative and response to public comment.

Existing information indicates that the stream

channel and floodplain of Steel Creek upstream ,

downstream , and within L -Lake are contami

nated by radionuclides, primarily cesium -137

but also cobalt-60 , as a result of discharges from

reactor operations before the construction of the

impoundment. In some locations, low level of

this contamination extends to lakebed sediments

beyond the original stream channel and flood

plain . IfDOE implements the Proposed Action

considered in this EIS , L -Lake would be dewa

tered, ultimately restoring Steel Creek and its

floodplain to conditions similar to those existing

before its impoundment and exposing these

contaminated sediments.

TheRCRAICERCLA units listed in Appendix C

of the FFA include contaminated stream sys

temson the SRS. These systemsare termed In

tegrator Operable Units (IOUS) in recognition of

the need to considermultiple sources ofcon

tamination in their watersheds as part of the re

medial action process for these streams. In view

of this peculiarity, the scope ofthe remedial ac

tion strategy for an IOU ismore similar in scope

to a long-term site evaluation than the tradi

tional remedialaction process applied to indi

vidualRCRA/CERCLA units, as described

above. The Steel Creek stream channel and

floodplain above, below , and beneath the L

Lake impoundment are among the IOUs listed

in Appendix C. Investigations to determine the

nature and extent of contamination and studies

to determine appropriate remedial actions for

the Steel Creek watershed willbe conducted in

accordance with the FFA.

As noted above, DOE believes that sufficient in

formation to make ultimate remedial decisions

TE for L -Lake will notbe available until required

studies under the FFA are complete. Therefore,

DOE undertook a specific study (PRC 1996,

1997a, 1997b, 1997c) to identify and evaluate

the likely range of remedial action alternatives

TE |

that it might ultimately consider under the FFA.

A particular objective of the study is to makea

preliminary estimate of potential remediation

costs for various alternatives to control risks

from exposure to contaminated sediments

within the lake exclusive of the Steel Creek

stream channel and floodplain . (DOEwould

evaluate and, if appropriate, propose remedia

tion of the stream channel and floodplain as part

ofthe Steel Creek IOU.) The remedial alterna

tives study, which was conducted to help guide

DOE economic decisions associated with the

River WaterSystem in the near term , is sum

marized in Section A.2,based on the initial

study report (PRC 1996 ) and subsequentanaly

TE sis revisions (PRC 1997a, 1997b, 1997c).

TC

L10-01

DOEhad originally planned to complete a Site

Evaluation Report for L -Lake by December

1996. This report was being prepared in accor

dance with the FFA to determine the need for

additional future investigations and identify any

removal actions thatmay be appropriate for this

unit and to help determine the appropriate rela

tionship of this unit to the Steel Creek IOU .

However, in response to EPA's comments on

the Draft EIS , DOE believes that sufficient in

formation is presented in this Appendix to

A - 2
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A.2 Range of Remedial Options for L - Lake

The DOE study of potential remedial options

and associated costs for L -Lake (PRC 1996 ,

1997a, 1997b, 1997c) uses historic process
|TE

knowledge about contaminant releasemecha

nisms and L -Lakedevelopment, and results of

past and ongoing sampling activities to estimate

the nature and extent of contamination in lake

sediments. Remedial goal options (RGOs), ex

pressed as sediment contaminant concentrations

corresponding to target risk levels,were estab

lished using hypothetical exposure scenarios.

Based on this information, spatial distribution of

contamination in lake bottom sediments above

RGOswas delineated. Finally , remedial action

options likely to be able to meet preliminary

remedial action goals were identified and

evaluated with respect to cost and other relevant

factors, as described in Section A.2.4 . The fol

lowing subsections summarize these elements of

the study

level consistent with the floodplain , so contami

nants from the purgewater tended to be depos

ited in both the stream channel and the

floodplain . Radioactivity release reports sug

gest thatmostof these contaminant releases oc

curred before 1971; only minimal releases have

occurred since the formation of L -Lake in 1985 .

|TE

Cesium -137 has a strong affinity for sediments ,

so themajority of this contaminant was ad

sorbed or deposited in the sediments of the 11.2

mile (18.0-kilometer) Steel Creek system before

reaching the Savannah River. Based on DOE

sponsored studies cited by PRC (1996 ), the es

timated cesium - 137 inventory in the entire creek

system from upstream of L -Reactor to the Sa

vannah River, including L -Lake, is 58 curies

(decay corrected to 1996).

A.2.1 GENERAL NATURE AND EXTENT

OF L -LAKE SEDIMENT CONTAMINA

TION

Detailed information on thenature and extent of

contamination to support final remedial deci

sionswill be developed in the context of the

FFA . However, sufficient information is avail

able from historic processknowledge and from

past and ongoing sampling activities to examine

a range of potential remedial options for L

Lake. This information indicates that the con

taminants ofmost concern in the lake sediments

are radionuclides, particularly cesium -137 and

to a lesser extent cobalt-60, which are the focus

of the potential remedial options study (PRC

1996 , 1997a, 1997b ) .

DOE has conducted extensive investigations of

the L -Lake vicinity using a variety of sampling

and analysis techniques. Data from a preim

poundmentaerial radiological survey of the

L -Lake vicinity conducted in 1985 indicated

that the contamination zone for cesium -137 and

cobalt-60 corresponded to the historic stream

channel and floodplain . Another aerial radio

logical survey conducted in 1986 after the im

poundmentof L -Lake indicated only minor

changes from the previous year in the spatial

distribution of these contaminants upstream and

downstream from L -Lake. This technique could

notobtain data for submerged areas of L -Lake.

TE

Radionuclide contamination ofSteel Creek is

primarily from purgewater discharges from dis

assembly basins containing fuel elements at P

Reactor and L -Reactor before this practice was

discontinued in the early 1970s (DOE 1984).

The large flow of the coolingwater discharge

containing the purge water raised the stream

DOE conducted underwater gamma surveys in

1995 and 1996 to identify any post

impoundment changes in the distribution of

manmade radiation levels in L -Lake. The 1995

study included in situ measurements from

96 locations on the lake bottom and laboratory

analysis results from sediment samples from

20 locations. The 1996 study involved the use

of approximately 195 in situ measurement loca

tions and 76 sediment sample locations. The re

sults from these surveys indicted no major

change in manmade radionuclide distributions

TE
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population living and working in the contami

direct radiation , and inhalation of contaminated

DOE/EIS-0268

since radiologicalmapping of the lake basin in
A.2.2 PRELIMINARYREMEDIAL GOAL

1985, though minor differences are apparent.
OPTIONS AND SCREENING VALUES

Additional samples of lake bottom sediments
For comparison purposes, the potential remedial

were obtained and analyzed in 1995 and 1996 . options study considered two exposure scenar

Analytical results for samples obtained in 1995, ios , current/future onsite worker and hypotheti

consisting of sediment samples from eight loca cal future resident. Screening values for

tions including the submerged stream channel sedimentcontaminant concentrations were de

and floodplain , indicate that organic contami
rived for each scenario .

nants are well below EPA Region IV risk -based

concentrations used as screening levels at the | Forthe Draft EIS,DOE developed the onsite

SRS.
worker exposure scenario and associated expo

sure parameter values using the information

In the summer of 1996 surface sediment sam
from EPA's Hazardous Waste Remedial Action

ples (0 to 1 foot) (0 to 0.3 meter) were collected Program (HAZWRAP 1996 ) with input from

from approximately 45 locations in the lake
the Savannah River Technology Center (SRTC)

(including the stream channel and floodplain ) at the SRS. DOE used best professional judg

and 13 background locations for analysis of
ment,knowledge ofthe types of activities that

toxic metals, gross alpha, nonvolatile beta ,
occur at the SRS, and the likely parameters

gammapulse height analysis, plutonium - alpha these activities would generate in place of stan

series, and uranium - alpha series (Phase 1 sam dard EPA default values (i.e., EPA 1991).

pling). Analysis of validated data from this

sampling effort indicates that low concentra
This onsite worker exposure scenario was re

tions of radionuclide contamination are present
vised for the Final EIS to reflect a more realistic

in the lakebed outside of the original stream
exposure assessment for an environmental re

channel and floodplain (PRC 1996 , 1997b). searcher or sampler than that reflected in

Analysis of these data also indicates that some HAZWRAP (1996 ). The currentscenario as

toxic metals are present at low concentrations in
sumes that an environmental researcher or

the lake. Later in 1996 , DOE collected lake sampler is present in the L -Lake vicinity for

sediment core samples from additional 22 se 5 years, 15 weeks per year, and 6 hours per

lected locations in L -Lake (Phase 2 sampling).
TC week. This scenario is consistentwith that used

in Section 4.1.8.2 of this EIS .

DOE used analytical results from the summer of

1996 sampling to identify areas of the lake bot
Exposure routes considered for the onsite

tom that could present a risk above target levels
worker scenario were inhalation of resuspended

under assumed exposure scenarios. The results
particulate

s from dried lake basin sediments and

were used in combinatio
n

with the 1996 under ingestion,dermal exposure, and externalexpo

water gamma survey data as the basis for the
sure attributable to direct contactwith soiland

potential remedial options study (PRC 1996 ). sediment in the lake basin .

Subsequent analyses reported by PRC (1997a,

1997b, 1997c) also used validated radionuclide
The screening values for the hypothetical onsite

analysis results from the 0 to 1 foot (0 to

0.3 meter) level in cores obtained during the

resident exposure scenario were determined us

ing risk -based assessment methods developed

Phase 2 sampling. The updated options analysis by the EPA . The scenario assumes a human

based on these analyses is summarized in this

appendix. The location of data points in L -Lake

upon which the study is based are shown in Fig

nated area for as long as 30 years. Exposure as

ure A - 1 .

sumptions include incidentalsoil ingestion,

L9.16

TC

L9-19

particulates.
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.

3675000

3674000

3673000

3672000

L9-19

3667100

Legend:

O Data Point

3667000
FullPool

Channel

Floodplain

Source: PRC (1997b)

PK64-2PC

Figure A - 1. Data points used for L -Lake remedial options analysis.
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Screening values for both cesium -137 and

cobalt-60 were derived from these risk analyses

for each scenario at two risk levels: 10-4 (i.e.,

one additional estimated cancerper 10,000 ex

posed persons) and 10-6 (i.e.,one additional es

timated cancer per 1million exposed persons).

These screening values, listed in Table A - 1 , do

not take credit for radioactive decay or a period

ofinstitutional control (i.e.,uncontrolled expo

sure is assumed to begin immediately ). These

are conservative assumptions considering

DOE's anticipated nonresidential use of the site

and the half-life of these radionuclides (30 years

for cesium - 137 and 5.24 years for cobalt-60).

cause EPA Region IV and SCDHEC have not

endorsed the use of radiological decay and insti

tutional control in risk analyses performed un

der the FFA . For similar reasons,DOE did not

establish screening values for this remedialop

tions analysis based on its current SRSworker

limits (700 millirem per year ) and limits to the

general public ( 100 millirem per year), or a 15

millirem -per -year cleanup standard for unre

stricted (i.e., residential) use being considered

by DOE and EPA , all of which would result in

higher screening values and less stringent

cleanup goals.

Overall, these screening values are conservative

(i.e., low ). This conservatism is particularly

indicated by the screening concentration for ce

sium -137 corresponding to the 10-6 risk level

for the residential scenario (0.02 picocurie per

gram ),which is wellbelow the average concen

tration of 0.09 picocurie per gram observed in

the 13 background soil samples obtained in the

summer of 1996 .

Only those screening values listed in bold type

in Table A - 1 were selected as preliminary

RGOs for the options analysis (PRC 1996 ).

TC DOE dropped cobalt-60 values becausesam

pling data indicate that cobalt-60 ,where it ex

ceeds screening values, is colocated with

cesium -137 in excess of screening values, and

cesium -137 has a longer half-life than cobalt-60

(30 years versus 5.24 years). Similarly, theuse

of cesium -137 screening values was assumed to

adequately accommodate the low levels of toxic

metals that exist in lake sediments based on

analysis of validated data observed in the lake;

no organic contaminants have been noted above

screening levels (Section A.2.1). Cesium -137

was thus considered to be the primary “ risk

driver” for the analysis.

L9-16Assuming a 30 -year period of institutional con

trol and accounting for radioactive decay would

increase the screening values in Table A - 1 by a

factor of 2.7 for cesium -137 and a factor of 200

for cobalt-60. However, DOE used the lower

values for this remedial options analysis be

Table A -1. Risk-based screening values for cesium - 137 and cobalt-60 in L -Lake sediments.

Sediment concentration (picocuries per gram )a

Onsite worker scenario
Future onsite resident scenario

Contaminant
Risk = 10-4 Risk = 10-6 Risk = 10-4

Risk = 10-6

Cesium - 137 930
0.021

9.3 2.1

TC
Cobalt-60

100 2.7 0.48
0.0048

a . Values in bold denote remedial goal options.
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A.2.3 DELINEATION OF CONTAMINA

TION ZONES CORRESPONDING TO

REMEDIAL GOAL OPTIONS

Creek IOU would necessarily include thatpor

tion of the creek and floodplain currently occu

pied by L -Lake.

A.2.4 DESCRIPTION OF REMEDIAL

OPTIONS

DOE evaluated fourremedial options for areas

of the former lake bottom considered to be

contaminated under the risk scenarios consid

ered in the analysis, as follows:

Assuming that some form of action or remedia

tion would be required if a cesium -137 RGO

was exceeded, areas of lake-bottom sediment

contamination corresponding to the four se

lected RGO values (i.e., bold values in

Table A - 1) were delineated on the basis of

sampling and survey data as described in Sec

tion A.2.1. Figure A - 2 showsthe results. As

shown, no cesium - 137 sedimentconcentrations

exceeded 930 picocuries per gram , indicating

thatno remedial action would be necessary un

der an onsite worker scenario at the 10-4 risk

level. Similarly , the analysis indicates that only

a very small area (perhaps 1 acre ) outside of the

Steel Creek channel and floodplain may require

remediation, assuming the onsite worker sce

nario at the 10-6 risk level.

TC
Option 1 - NoAction

Option 2 - Institutional Control

Option 3 - Soil Cover

. TE
Option 4 - Excavation and Disposal of

Contaminated Soil

These optionswere themost reasonable within

the rangeofpossible alternatives based on pro

fessional judgment, knowledge ofSRS activi

ties, and prior experience obtained as a result of

detailed feasibility studies completed for two

SRS waste sites where similar remedial alterna

tiveswere considered .

At the other extreme, approximately 750 acres

(3.0 square kilometers) comprised of virtually

all the lakebottom exceptthe area occupied by

the inundated Steel Creek channel and flood

plain would require remediation to protecton

site residents at the 10-6 risk level. This would

not be a realistic option, since background con

centrations are above the 10-6 risk level as well.

TC

No -Action Option

TE
TE

For the intermediate scenario , which assumes

protection of future residents at the 10-4 risk

level, an estimated 170 acres (0.69 square kilo

meter) ofthe lake bottom , exceptthe currently

inundated stream channel and floodplain ,would

require remediation (Figure A - 2 ) .

Under the no -action remedial option, DOE

would take no action to address contamination

ofexposed L -Lake sediments; to monitor, re

move, treat, or otherwise mitigate this contami

nation under any of the identified risk scenarios;

or to minimize the threat or potentialthreat to

human health and the environment.

TC

InstitutionalControl Option

TE
The inundated stream channel and floodplain ,

which occupies about 170 acres (0.69 square

kilometer) of the lake bottom , is not part of the

area considered for the remedial options analy

sis (PRC 1996 ) because corresponding areas

above, below , and beneath L -Lake exhibit radio

logical contamination above risk -based screen

ing levels and are partof the Steel Creek

watershed IOU . In addition, any remedial ac

tions determined under the FFA for the Steel

The institutional controls determined to be most

applicable to areas ofcontaminated sediments

exposed in L -Lake and thus assumed for the al

ternatives analysis consist of existing SRS ac

cess controls to maintain the SRS industrialuse ;

deed notifications and, if appropriate , deed re

strictions in the event the property is transferred

to non -Federal ownership ; and posting of

warning signs. Itwas assumed that during the

A - 7
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NORTH

Onsite Worker

Risk Level = 10-6

Residential

Risk Level= 10-6

Cs-137 > 9.3 pCi/g
Cs-137 > 0.021 pCi/g

L9-19

Onsite Worker

Risk Level = 10-4

Residential

Risk Level == 10-4

Cs-137 > 930 pCi/g Cs-137 > 2.1 pCi/g

Legend:

Contaminatio
n
zone

FullPool

Channel

Floodplain

1 Mile

0 0.5

Note : Options analysis does not address contamination within the stream channel and floodplain .

Source: PRC (1996,1997b ). Scale

PK64-2
PC

Figure A -2. Assumed contamination zones for L -Lake remedial options analysis.
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Soil Excavation and DisposalOption
TC

period of DOE control, such existing access

controls as barriers, fences, and controlled areas

would be used to maintain the SRS for industrial

use . If the property is transferred to non1 -Federal

ownership , theU.S. Governmentwould , in ac

cordance with CERCLA Section 120(h ), create

a deed that includes notification in perpetuity of

the contamination . It was also assumed that a

survey plat of L -Lake prepared by a profes

sionalland surveyor would be placed in the

county records. In addition to the notification, a

deed restriction to preclude residential use of the

property may also be utilized when and if the

area was to be transferred to private ownership .

Warning signs would be posted at all roads in

tersecting the contaminated zone.

TC

The option of excavation and disposal of con

taminated soil would involve the removal of

contaminated soil with conventional earthmov

ing equipment to a depth of 2 feet (0.6 meter )

over approximately 1 acre (4,000 square meters)

for the onsite worker scenario at the 10-6 risk

level, or 3 feet (0.9meter) over 750 acres (3.0

square kilometers) or 170 acres (0.69 square

kilometers) depending on the resident scenario

analyzed (10-6 risk and 10-4 risk , respectively ).

The assumptions for excavation depth are based

on information collected during construction of

the L -Lake Dam ,which indicate that the ap

proximate depth of the 1.1 picocuries per gram

contour is 24 inches (61 centimeters ) (PRC

1996 ). Existing SRS disposal facilities are not

designed to manage large quantities of contami

nated soil; therefore, the analysis assumes that

the contaminated soil would be disposed of at a

licensed offsite facility (e.g., the Chemical

Waste Management Facility , Emile, Alabama;

the Envirocare Facility , Clive, Utah ). Exca

vated areas would be filled with clean soil and

revegetated.

TC

Soil Cover Option
TE

A.2.5 EVALUATION OF REMEDIAL

OPTIONS

The soil cover option considered most appro

priate for this site consists of a native soil cover;

vegetative cover for erosion control; short-term

institutional controls to limit worker exposure

during drawdown and in the long term to ensure

designated land use , prevent excavation and

shallow wells, etc.; 30 years of inspection and

maintenance ; and reviewsofthe remedy with

regulators at 5- year intervals for 30 years. The

primary purpose of the barrier would be to limit

exposure to gamma radiation associated with

the radionuclide contaminants present. The ex

tent and thickness ofneeded soil cover would

depend on the scenario considered. None would

berequired for the onsite worker ( 10-4 risk )

scenario . A 1- foot (0.3 -meter) thick cover over

approximately 1 acre (4,000 square meters)

would be used for the worker ( 10-6 risk ) sce

nario and a 4 -foot ( 1.2 -meter) thick cover over

750 acres (3.0 squarekilometers) or 170 acres

(0.69 square kilometers) would be used for the

resident ( 10-6 risk ) and resident (10-4 risk ) sce

narios, respectively . Deed notificationsmay be

effected to restrict a small area to industrial use

under the worker ( 10-6 risk ) scenario and would

be effected to prevent deep excavation and in

stallation of shallow wells under both resident

scenarios.

DOE used methods similar to those thatwould

be conducted in a CERCLA feasibility study

under the FFA (see Section 5.5 ) to evaluate re

medial options. DOE used the following six (of

the nine) CERCLA criteria normally used for

such evaluations:

. Overall protection of human health and the

environment

Cost

TC

.
Implementability

Short- term effectiveness

Long-term effectiveness

Reduction of contaminant toxicity ,mobility ,

and volume

.
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TC

T
C

.

(Risk = 10-6)

Compliance with state and Federalregulations, with respect to the onsite worker (10-4 risk)

one of the three criteria that was not used, was scenario because none of the L -Lake sedi

assumed to be achieved, or appropriate waivers
ment contamination exceeds the remedial

obtained,regardlessoftheremedial action se goal option of 930 picocuries per gram .

lected. The two remaining criteria , state agency However, this option would not protect

acceptance and community acceptance,are onsite workers at the 10-6 risk level, at least

modifying criteria in the development of a pre within a small area, or future residents at

ferred alternative under the CERCLA process either the 10-4 or 10-6 risk levels because

and were not considered appropriate to the DOE would take no action to reduce risk

NEPA remedial options analysis. posed by contaminated sediments. Existing

radiological contamination is at levels that

Results of the evaluation with respect to the six would result in doses significantly below

selected criteria are described below .
the 1 -rad-per-day threshold commonly cited

for ecological receptors. As with allreme

No Action (Table A - 2) - The no -action op
dial options considered,no reduction of

tion is clearly the remedial option of choice

Table A -2 . L -Lake remedial options analysis evaluation criteria ratings for the no -action option.

Onsite worker Onsite worker Future resident
Future resident

Evaluation criteria
(Risk = 10-4 ) (Risk = 10-6). (Risk = 10-4 )

Overall protection Good – No Moderate - Not protective Poor – Not protective at Poor - Notprotectiveat

ofhuman health contamination at 9.3 -picocuries-per -gram 2.1-picocuries-per-gram 0.021-picocurie-per-gram

and environment above RGO but in only a small RGO . RGO.

930 picocuries area (approximately 1 acre

-per-gram (4,000 square meters )].

RGO.a

Cost Good - No Good - No cost. Good - No cost.
Good - No cost.

cost.

Implementability Good - No ac Good - No active remedia Good - No active remedia

tive remedia tion . tion . tion .

tion needed .

Short-term effec Good - No Moderate - No short-term Moderate - Existing land Moderate - Existing land

tiveness risk above protection ofworkers at use controls limit access.

RGO .
9.3 -picocuries- per-gram No construction activities

RGO, but in only a small and associated impacts.
and associated impacts.

area, and no construction

activities and associated

impacts.

Long-term effec Good - No Moderate - No effort to Poor- No effort to mitigate Poor -No effort to mitigate

tiveness
risk above mitigate exposure to con exposure to contaminated

RGO . taminated sediments, but sediments, but naturalde

they are confined to a small cay would reduce radio

area, and natural decay logical risk .

would reduce radiological

risk .

Reduction of
NAD Poor - No active remedia Poor - No active remedia

contaminant tox
tion . tion . tion .

icity ,mobility ,

and volume

Good - No activeremedia

TC

use controls limit access .

No construction activities

exposu
re

to contami
nated

sedime
nts

, butnaturalde

cay would reduce radio

logica
l risk.

Poor - No active remedia

a .

b .

RGO = Remedial goal option.

NA = Notapplicable .
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TC
contaminant toxicity, mobility, or volume

would be effected, butoverall risk would be

reduced by radioactive decay of the ce

sium -137 (half-life = 30 years ), which

would reach background levels in approxi

mately 100 years.

Institutional Control (Table A - 3) - Institutional

control, consisting primarily of SRS security

measures, sign postings, deed notifications and ,

if appropriate , restrictions, would be inexpen

sive and readily implemented under all scenar

ios . This remedial option is rated as having

good effectiveness in the short term and as

moderate with respect to long-term effective

ness and overall protection of human health un

der the onsite worker (10-6 risk ) and both future

resident scenarios.

Table A -3 . L -Lake remedial options analysis evaluation criteria ratings for the institutional control

option.

Onsite

Evaluation criteria worker Onsite worker Future resident Future resident

(Risk = 10-4) (Risk = 10-6) (Risk = 10-4) (Risk = 10-6)

Overall protection NAS Moderate - controls were Moderate - Land would be Moderate - Land would be

ofhuman health
notobserved, risk to restricted to industrial use. restricted to industrialuse.

and environment worker would exceed 10-6 Effective as long as warn Effective as long as warn

for approximately 1 acre ing signs and security ing signsand security

along the floodplain . Natu measures are maintained measures are maintained

ral decay would reduce ra
and deed restrictions are and deed restrictions are

diological risk .
enforced. If controls are enforced . If controls are

not observed, risk to resi notobserved, risk to resi

dents would exceed 10-4 . dents would exceed 10-6 .

Natural decay would re Natural decay would re

duce radiological risk . duce radiological risk .

Cost NA Good - $ 10,000 for sign Good - $ 15,000 for sign Good - $ 15,000 for sign

placementand deed notifi placement and deed notifi placement and deed notifi

cation costs . cation costs . cation costs .

TC

Implementability NA Good - No active remedia

tion .

Good - No active remedia

tion .

Good - No active remedia

tion .

Short-term effec

tiveness

NA

TC

Long-term effec

tiveness

NA

Good - Worker exposure

would be limited . No con

struction activities neces

sary for implementation.

Moderate - Effective as

long as warning signs and

security measures are

maintained and land use

controls are observed.

Naturaldecay would re

duce radiological risk .

Good - Land use controls

would limit access. No

construction activities nec

essary for implementation.

Moderate - Effective as

long as warning signs and

security measures are

maintained and land use

controls are observed .

Natural decay would re

duce radiological risk .

Good - Land use controls

would limit access. No

construction activitiesnec

essary for implementation.

Moderate - Effective as

long as warning signs and

security measures are

maintained and land use

controls are observed .

Natural decay would re

duce radiological risk .

NA Poor - No active remedia

tion .

Poor - No active remedia

tion .

Reduction of

contaminant tox

icity ,mobility ,

and volume

Poor - No active remedia

tion .

a .
NA = Not applicable.
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amountof soil excavation and disposal re

quired. Cost for this alternative would be

very high for either of the future resident

scenarios ($ 380 million or $ 1.7 billion,de

pending on risk level).

TC

A.2.6 CONCLUSIONS

Soil Cover (Table A -4 ) - This option is

rated good in terms of overall protection of

human health for both onsite workers (10-6

risk level) and future residents (10-4 and

10-6 risk levels) assuming cover ismain

tained and land use controls are observed . It

would notbe as readily implementable or as

effective in the short-term under the 10-6

risk future resident scenario because of the

additional soil cover required [ 1 foot versus

4 feet (0.3 meter versus 1.2 meters)] com

pared to the 10-6 risk worker scenario and

the additionaltimerequired to install the

cover ( e.g., 1 year versus 5 years after the

10-year lake drawdown period (Jones and

Lamarre 1994)]. This option would be ex

pensive to implement for the future resident

scenario (estimated costs of approximately

$30 to $ 131 million , depending on risk

level).

The preliminary analysis summarized in Sec

tion A.2 indicates that remedial options to re

duce risk posed by contaminated lakebed

sediments above the SteelCreek stream channel

and floodplain may range from no action to very

intensive remediation involving removal and

offsite disposal of contaminated soils.

TC

.

TE

Soil Excavation and Offsite Disposal

(Table A -5 ) - This option is rated good in

terms of overall protection of human health

and the environment and long-term effec

tiveness for onsite worker (10-6 risk level)

and future resident scenariosbecause all

contaminated soils above the respective

RGOs would be removed. However, short

term effectiveness is rated poor for both

future resident scenarios because of the long

construction periods required ( 13 years and

55 years based on the capability to move

180 cubic yards (138 cubic meters ) per day

(PRC 1996 )], increased probability of

worker injuries or fatalities, and adverse ef

fects from the transportation oflarge

amounts of contaminated soils to an offsite

disposal facility.

TE |Based on the evaluations presented in this

analysis, DOE believes that institutional con

trols to prevent residential use of this area fora

period that allows for natural radiologicaldecay

to safe levels may be themostreasonable op

tion . No action may be necessary to protect

workers at the 10-4 risk level. In addition ,this

preliminary analysis indicates that onsite worker

exposure levels would be well below the current

SRS occupational standard for radiation protec

tion of 700 millirem per year, which corre

sponds to a cesium -137 concentration of

approximately 1,962 picocuries per gram

TC (compared to 9.3 picocuries per gram of ce

sium -137 for the onsite worker scenario at

10-6 risk ). If the cleanup standard for unre

stricted use (residential scenario ) of 15 millirem

per year proposed by EPA and DOE was prom

ulgated,no remedial action for this areamaybe

necessary . An annual effective dose equivalent

of 15 millirem corresponds to approximately

9 picocuries per gram for cesium -137 and an

average excess lifetime carcinogenic risk of ap

proximately 3 x 10-4. Moreover, natural decay

would reduce cesium - 137 to near background

TE

TC

Implementability is rated good for the onsite

worker ( 10-6 risk ) but poor for the future

resident scenarios, because of the large

levels in 100 years.
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Table A - 4 . L -Lakeremedial options analysis evaluation criteria ratings for the soil cover option.

Onsite worker Onsite worker Future resident Future resident

Evaluation criteria
(Risk = 10-4 ) (Risk = 10-6 ) (Risk = 10-4 ) (Risk = 10-6)

Overall protection NA Good - Cover and obser Good - Cover and obser Good - Cover and obser

of human health vance of land use controls vance of land use controls vance of land use controls

would prevent direct expo would preventdirect expo would prevent direct expo

sure . Natural decay would sure . Natural decay would sure. Natural decay would

reduce radiological risk. reduce radiological risk . reduce radiologicalrisk .

Cost NA Moderate - $ 100,000 cost Poor - $ 29.7 million (29.6 Poor - $ 131 million

of filling plus inspection million cubic feet at $ 1 per (130.7 million cubic feet at

andmaintenance costs. cubic foot plus inspection $ 1 per cubic foot plus in

and maintenance costs). spection and maintenance

costs )

Implementability NA Good - Equipment and Moderate - Equipment and Moderate - Equipment and

materials could be readily materials could be readily materials could be obtained

obtained . Cover could be obtained but quantity of readily , but quantity of soil

installed in 1 year. soil required would be very required would be very

large and would require 1 large and would require as

year or more to install. long as 5 years to install.

Short-term effec NA Moderate - Reliance on Moderate - Reliance on Poor - Reliance on institu

tiveness institutional controls during institutional controls during tional controls during

drawdown period but con drawdown period . Protec drawdown period . Protec

tamination is limited to ap tive equipmentand other tive equipment and other

proximately 1 acrenear controls would berequired controls would be required

floodplain . Protective to protect workers during to protect workers during

equipmentand other con 1 -year construction period. 5 -year construction period.

trols would be required to

protectworkers during

construction period (less

than 1 year ).

Long-term effec NA Moderate - Effective as Moderate - Effective as Moderate - Effective as

tiveness long as land use controls long as land use controls long as land use controls

are observed and cover is are observed and cover is are observed and cover is

maintained. Natural decay maintained. Natural decay maintained. Naturaldecay

would reduce radiological would reduceradiological would reduce radiological

risk . risk . risk .

Reduction of NA Poor - Airborne dust would Poor - Airborne dust would Poor - Airborne dust would

contaminant tox be reduced, butno other be reduced ,but no other be reduced, butno other

icity ,mobility ,
reductions would be ef reductions would be ef reductions would be ef

and volume fected . However, natural fected . However, natural fected. However , natural

decay would reduce ce decay would reduce ce decay would reduce ce

sium -137 concentrations to sium - 137 concentrations to sium -137 concentrations to

background in approxi background in approxi background in approxi

mately 100 years. mately 100 years. mately 100 years.

TC

a . NA = Not applicable .

A - 13



volume, although natural de- volume, although natural de- volume, althoughnaturalde

cay of cesium - 137 would re- cay ofcesium - 137 would re- cay of cesium -137 would re

background in approximately background in approximately background in approximately
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Table A -5 . L -Lake remedial options analysis evaluation criteria ratings for the soil excavation and off

site disposal option.

Onsite worker Onsite worker Future resident Future resident

Evaluation criteria
(Risk = 10-4) (Risk = 10-6 ) (Risk = 10-4 ) (Risk = 10-6)

Overall protection NAa Good - Complete protection Good - Complete protection Good - Complete protection

of human health and
of onsite worker after soils of onsite worker after soils of human health and envi

environment
contaminated above 9.3 pi contaminated above 2.1 pi ronment after soils contami

cocuriesper gram of cesium- cocuriesper gram of cesium- nated above approximate

137 are removed and back 137 are removed and back background concentrations

filling and regrading with filling and regrading with of cesium - 137 were removed

clean soilwas complete . clean soilwas complete. and backfilling and regrading

with clean soilwas complete.

Cost NA Moderate - Approximately Poor - Approximately $380 Poor - Approximately $ 1.7

$ 1.4 million exclusive of million exclusive of transpor- billion exclusive of transpor

transportation costs. tation costs (22.2 million tation costs (98 million cubic

cubic feet at $ 0.80 per cubic feet at $ 0.80 per cubic foot

foot for excavation, regrad- for excavation, regrading

ing, plus $ 16.30 per cubic plus $ 16.30 per cubic foot

foot for disposal; 7.4 million for disposal; 32.7 million

square feet at $0.20 per square foot at $0.20 per

square foot for revegetation ). square foot for revegetation)

Implementability NA Good - Equipmentand ma Moderate - Equipment and
Poor - Equipment andmate

terials could be obtained but materials could be obtained
rials could be obtained read

would take approximately 1 but would take up to 13 years ily, but quantity of soil

year to implement. to implement.
required would be large and

would require as long as

55 years to implement

TC Short-term effec NA Moderate -Requires institu
Poor - Requires institutional Poor -Requires institutional

tiveness tional controls during draw controls during drawdown
controls during drawdown

down period but
period. Protective equipment period. Protective equipment

contamination is limited to and other controls would
and other controls would

approximat
ely

1 acre near protect workersbut likeli

floodplain . Protective hood of injury or fatality
hood of injury or fatality

equipment and other controls during 13-year construction during 55-year construction

would be required to protect period would be high. Some period would be high. Some

workers during 1-year con risk to public and environ

struction period. Some risk ment during transportation .

to public and environment

during transportation .

Long-term effec NA Good - Contaminated mate Good - Contaminated mate
Good - Contaminate

d
mate

tiveness
rials above 9.3 picocuries

rials above 2.1 picocuries per rials above approximate

per gram of cesium - 137 gram of cesium - 137 would

would be removed and be removed and replaced by of cesium -137 would be re

replaced by clean fill . clean fill.

moved and replaced byclean

fill.

Reduction of con
NA Poor - No treatment to re

taminant toxicity ,

Poor - No treatment to re

duce toxicity ,mobility , or

mobility , and vol

duce toxicity, mobility , or

duce concentrations to duce concentrations to

protect workers but likeli

risk to public and environ

ment during transportatio
n .

backgr
ound

concentra
tions

Poor - No treatment to re

duce toxicity,mobility, or

ume

duce concentra
tions

to

100 years .
100 years.

100 years .

a .
NA = Not applicable .
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A.3 Conclusions Regarding Potential Remedial Actions for L -Lake

Based on the preliminary options analysis sum

marized in Section A.2 , institutional control or

possibly no action may be themost appropriate

remedial option for areas of contaminated lake

bottom sediments above the stream channel and

floodplain areas thatwould be eventually ex

posed if the lake was drained . Remediation op

tions for the contaminated stream channel and

floodplain currently submerged in the lakewere

not examined in the preliminary remedial op

tions analysis, butwould be considered as part

of the SteelCreek IOU , which is similarly con

taminated .

L10-04 posed by exposed contaminated sediments

would have to be considered under any option in

which the lake was drained, and such parame

ters as controlofwoody vegetation on exposed

areas and the feasibility and cost of refilling the

lake ( e.g., to reduce risk to acceptable levels by

natural decay of radionuclides ) are likely to be

important parameters that would be of little or

no concern if L -Lake remained intact.

DOE recognizes that draining L-Lake under the

alternatives it is considering in this EIS would

change the nature but not the range of remedial

options available for exposed contamination in

the stream channel, floodplain , and other lake

bottom areas from those currently available

( i.e., with the lake intact). For example, the risk

However,DOE is coordinating with EPA and

SCDHEC as necessary to ensure that decisions

itmakes with respect to the River Water System

in this EIS are compatible with potential reme

dial decisions to bemade for L -Lake under the

FFA. As appropriate, DOE will document in a

mitigation action plan actions it would have to

take to ensure this compatibility in the interim

between issuance of a Record of Decision for

this EIS and issuance of remedial decisions un

der the FFA .
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B.1 ECOLOGICAL RISK ASSESSMENTAPPROACH

.

Ecologicalreceptors on and near Par Pond, receptors may occur) are identified .

L -Lake, Lower Three Runs, and Steel Creek Receptor- specific toxicity reference values

might be at risk from contaminants present in
(TRVs) are also derived during this step .

their surface water, sediment, and biota as a This step is undertaken concurrently with

result ofthe Proposed Action . Increased the exposure assessmentdescribed below .

concentrations of tritium in other onsite streams

also pose a potential ecological risk . Step 2 : Preliminary Exposure Assessment

Accordingly , an ecological risk assessment and Risk Characterization (Section B.1.2 )

(ERA ) that focused on the Proposed Action was

performed to characterize the potential risks
Preliminary Exposure Assessment - This

from site -related contaminants to ecological portion of the ERA includes the

receptors that inhabit the waterbody areas. This
identification of the data used to represent

section provides an outline of the general
concentrationsofcontaminants to which

approach that was taken to assess the impacts of
ecological receptors may be exposed in

site contamination on ecological receptors and
variousmedia and the actual selection of

the habitats that support these organisms. This
exposure point contaminant concentrations

assessment generally followed a two -step
from those data . Calculation of receptor

process, as follows: specific contaminantdoses is also

performed

Step 1: Preliminary Problem Formulation
Risk Characterization - In this step ,

and Ecological Effects Characterization
exposure point concentrations are compared

(Section B.1.1 )
to screening values in order to characterize

potential risk to ecological receptors of

Preliminary Problem Formulation - This is
concern from contaminant exposure. TRVs

the first phase of an ERA, which discusses
are also compared to contaminant doses.

the goals, breadth , and focus of the

COPCs found to pose potentialrisk after

assessment. It includes general descriptions
these comparisons are placed on a list of

of the waterbodies to be investigated with

ecological contaminants of concern (COCs).

emphasis on the habitats and ecological

receptors present. This phase also involves
When these two steps are completed, the results

characterization of contaminant sources and
can be interpreted and the uncertainties

migration pathways, evaluation of routesof associated with the ERA can be addressed. The

contaminant exposure, and selection of
above process, described in further detailbelow ,

ecological contaminants ofpotential
represents the generalERA approach

concern (COPCs). Assessmentand
recommended in U.S. Environmental Protection

measurementendpoints that will be Agency (EPA) guidance for Superfund (EPA

evaluated are also selected in this phase . 1996a), and is a summation of EPA Region 4

Finally, a conceptualmodel is developed recommended ERA guidelines (EPA 1995a),

that describes how contaminants associated which served as the basis for the ERA

with the waterbodiesmay come into contact methodology (Figure B.1). Furthermore, the

with ecological receptors . ERA was conducted in accordance with other

Ecological Effects Characterization - In this available ERA guidance documents (EPA

phase ,medium -specific ecological
1996b ;Wentsel et al. 1996 ), and recent

screening values for each COPC (i.e.,
publications (Suter 1993; Calabrese and

concentrations of each contaminant above
Baldwin 1993).

which adverse effects to ecological

Appendix B was substantially expanded in response to a comment in the letter from EPA (L10-02); no change

1

bars appear.
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1. Preliminary Problem Formulation and Ecological Effects Evaluation

2. Preliminary Exposure Assessmentand Risk Characterization

SMDP

3. Problem Formulation: Assessment EndpointRefinement and Testable Hypothesis

SMDP

4. ConceptualModelRefinement: FinalMeasurementEndpointSelection and StudyDesign

SMDP

5.Site Assessmentto confirm Ecological Sampling and Analysis Plan

SMDP

6. Site Field Investigation

7. FinalRisk Characterization

8. Risk Management

SMDP

Source: Adapted from EPA (1996a).

SMDP: Scientific/ManagementDecision Points .

PK64-2P
C

Figure B - 1. Steps in the EcologicalRisk Assessment process .

B - 2



DOE/EIS -0268

Due to the potential complexity of ERAs, they

are often conducted using a tiered approach and

punctuated with Scientific/Management

Decision Points (SMDPs;Figure B - 1 ), which

aremeetings involving the risk assessors, risk

managers, and clients to controlcosts,prevent

unnecessary analyses, and ensure that the ERA

is proceeding in an efficient, timely manner.

Information analyzed in one tier is evaluated to

determine whether the objectives of the study

have been met and then may be used to identify

the data required for the nexttier, if necessary .

This Tier 1 ERA can be considered a

" screening-level" assessment, or " preliminary

risk evaluation” (EPA 1995a), since it is based

on only a conservative initial screening of

contaminant concentrations against

contaminant-specific screening values (EPA

1995a ).

Tier 2 and Tier 3 assessments, referred to as

" semi-quantitative" and " quantitative"

assessments, respectively, aremore focused

studies that incorporate the initial screening but

also encompass detailed laboratory and field

studies or extensivemodeling (EPA 1996a).

This ERA , designed to focus mainly on the

potential risks to ecological receptors from

contaminant exposure that could result from the

Proposed Action,may be useful for Tier 2 or

Tier 3 assessments thatmay be conducted as

part of the remedialinvestigation/feasibility

study process. The same process summarized

above was used to assess potential ecological

risks at each waterbody investigated in this

ERA.

B.1.1 Preliminary Problem Formulation and Ecological

Effects Characterization

Major Contaminant Sources,Migration

Pathways, and Exposure Routes

Section B.1.1.1 discusses the components of

preliminary problem formulation and Section

B.1.1.2 discusses the components of ecological

effects characterization .

B.1.1.1 PRELIMINARY PROBLEM

FORMULATION

Site Backgrounds and Ecological Settings

The preliminary problem formulation of an

ERA contains a description of the background

of each study site as well as a description ofthe

ecological setting. However, as detailed

descriptions of these itemshave been presented

elsewhere in this EIS , they will notbe presented

here.

Themajor contaminant sources for all

waterbodies are sediments. As such ,

contaminants are largely bound to sediments

and are not expected to significantly migrate to

other areas or other media . It is likely that

receding or fluctuating water levels would lead

to the exposure ofsediments to the elements,

creating new surface soils. This would also

preclude significant contaminantmigration via

surface water as water levels decrease.

However, a potential migration pathway is

resuspension ofcontaminants into surface water

via fluctuating water levels. Constituents in the

exposed sediments (soils) may also volatilize

from surficialmaterial or becomeairborne via

resuspension. Contaminated fugitive dustmay

also be generated during ground-disturbing

activities , such as recontouring of the L -Lake

basin thatmay be necessary . Yet, volatilization

and fugitive dust generally represent a

negligible release pathway and exposure route

for wildlife except in certain situations, such as

Habitat Types and Ecological Receptors

The preliminary problem formulation of an

ERA also contains a description of the specific

habitat types and ecologicalreceptors that are

found on each study area. However, detailed

descriptions of these itemsare presented

elsewhere in this EIS .

B - 3



difficult to interpret. However,measurement

endpoints indicative of observed adverse effects

assessment endpoint. For example, contaminant
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following a large spill of a volatile compound. endpoints are “measurable ecological

Since the water bodies of concern in this characteristics that are related to the valued

assessmentwere already considered to be characteristic chosen as the assessment

contaminated and do not potentially receive
endpoint" (EPA 1996b). For this ERA, themost

groundwater contaminated with non
appropriate assessment endpoint was the

radiological contaminants, the groundwater-to maintenance of aquatic and terrestrial receptor

surface water pathway wasnot applicable .
populations. Note that the maintenance of

receptor populations applies only to exposure to

Aquatic and semi-aquatic organisms inhabiting contaminants. That is, it is not intended to

the waterbodies of interest in this ERA may be relate to declines in certain receptor populations

exposed to contaminants via direct contact with from physical changes as a result of the

surface water, submerged sediments, and
Proposed Action . Therefore,the specific

exposed sediments, via incidental ingestion of
objectives of this assessment were to determine

surface water, submerged sediments, and
if exposure to contaminants in the surface water,

exposed sediments, and via consumption of sediments, and exposed sediments ( surface

contaminated food items. Again , since water soils) on and near Par Pond, L -Lake, Lower

levels are assumed to recede in the reservoirs,
Three Runs, and SteelCreek are likely to result

exposure to contaminants in surfacewater was in declines in ecological receptor populations,

considered only in certain instances in this
primarily as a result of the Proposed Action.

assessment, such as at Par Pond , where water Declines in populationsas a result of

levels will be maintained and will fluctuate . contaminant exposure could result in a shiftin

community structure and possible elimination of

Selection of EcologicalContaminants of resident species from aquatic environments.

Potential Concern

It should be noted that for this screening-level

COPCswere all contaminants, both radiological ERA, broad assessment endpoints were

and non-radiological, detected in the studies that conservatively selected to apply to all possible

are discussed in detail in Section B.1.2.1.

However, for the non -radiological contaminants ,

species. More focused assessment endpoints

willbe selected if additional,more focused

calcium , iron ,magnesium , potassium , and

sodium were excluded as COPCs since they are

ecological investigation
s
are warranted. These

essentialnutrients that are toxic only in

more focused endpointswould likely be

extremely high concentrations. For radiological

contaminant- specific or applicable to only

contaminants, potassium -40 was excluded since

species that are shown to potentially be atrisk in

it is a naturally occurring radionuclide. Also ,

the screening -level ERA.

radiological and non -radiological contaminants As indicated above,measurementendpoints are

thatwere detected in 5 percent or less of the

samples collected in anymedium for any study

related to assessment endpoints,butthese

at each area were initially excluded as COPCs.

endpoints are more easily quantified or

observed. In essence,measurement endpoints

Assessment and Meas
urement Endpoints

serve as surrogates for assessment endpoints.

While declines in populations and shifts in

As discussed in EPA (1995a) and Wentsel et al.

community structure can be quantified, studies

( 1996 ), one of the major tasks in problem

of this nature are generally time-consuming and

formulation is the selection of asses
sment and

measureme
nt

endpoints. An assessment

endpoint is defined as “ an explicit expression of

on individuals are relatively easy to measurein

actualenvironmen
tal

values that are to be

toxicity studies and can be related to the

protected ” (EPA 1996b). Me
asurement

concentration
s
that lead to decreased
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reproductive success or increased mortality of

individuals in toxicity tests could, if found in the

environment, result in shifts in population

structure , potentially altering the community

composition of the waterbodies investigated in

this ERA .

ERA were determined by identifying the most

likely pathways of contaminant release and

transport. A complete exposure pathway has

three components: a source of contaminants that

can be released to the environment; a route of

contaminant transport through an environmental

medium ; and an exposure or contact point for an

ecological receptor. A comprehensive

conceptualmodel for this ERA is presented in

Figure B.2 .

B.1.1.2 ECOLOGICAL EFFECTS

ASSESSMENT

B.1.1.2.1 Non -radiological

For surface water, the measurementendpoints

were contaminant concentrations in surface

water associated with adverse effects on growth ,

survival, and reproduction of aquatic organisms

(surface water screening levels). Again ,

exposure to contaminated surface waterwas

considered only in certain situations since

surface water levels are generally assumed to

fluctuate or recede, such as at L -Lake. For

sediments, themeasurement endpoints were

contaminant concentrations in sediment

associated with adverse effects on growth ,

survival, and reproduction ofbenthic organisms

(sediment screening levels). For surface soils

( exposed sediments ), themeasurement

endpoints were contaminant concentrations in

surface soil associated with adverse effects on

growth , survival, and reproduction of terrestrial

invertebrates ( surface soil screening levels). For

terrestrial plants, themeasurement endpoints

were contaminant concentrations in surface soil

associated with adverse effects on growth ,

survival, and reproduction ofvegetation

(terrestrial plant screening levels). For

terrestrialwildlife , the measurement endpoints

were doses of contaminants associated with

adverse effects on growth , survival, and

reproduction (TRVs).

For this ERA, ecologically-based screening

values, concentrations of contaminants in

variousmedia protective of ecological

receptors, were selected to screen exposure

point concentrations of COPCs in surface water,

sediment, and surface soil (exposed sediments)

to determine if they should be retained as COCs.

The focus of this assessment is primarily

potential risks from submerged and exposed

sediments, and therefore, surfacewater

screening levels were obtained only for Par

Pond. It is assumed that at L -Lake the water

levelwill eventually recede to a small stream ,

rendering currentassessment of potential risks

from surface water contaminants irrelevant.

Methods used for the selection ofmedia

specific screening levels used in this ERA are

provided below .

Selection of SurfaceWater Screening Levels

Conceptual SiteModel

The conceptualmodel is designed as a diagram

to identify potentially exposed receptor

populations and applicable exposure routes,

based on the physical nature ofthe site and the

potential contaminant source areas. Actual or

potential exposures of ecological receptors

associated with the waterbodies assessed in this

Surface water screening levels used for this

ERA were primarily EPA Region 4 ecological

screening levels for freshwater systems (EPA

1995a). When these values were not available

for certain contaminants, suitable screening

levels were obtained from EPA (1996c). Surface

water screening levels used in this assessment

are presented in Table B - 1.

B - 5
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Table B - 1. Ecological screening levels for Par Pond surface water.

Ecological

Contaminant of Screening Level

Potential Concern (ug/L ) Source

Aluminum 87

Antimony 160

Arsenic 190

Barium 3.9

Beryllium 0.53

Cadmium 0.66

Cobalt 3

EPA Region 4 surface water screening level (EPA 1995a)

EPA Region 4 surface water screening level (EPA 1995a)

EPA Region 4 surface water screening level (EPA 1995a)

EPA Tier II value (EPA 1996c)

EPA Region 4 surface water screening level (EPA 1995a)

EPA Region 4 surface water screening level (EPA 1995a)

EPA Tier II value (EPA 1996c)

EPA Region 4 surface water screening level (EPA 1995a)

EPA Tier II value (EPA 1996c )

EPA Region 4 surface water screening level (EPA 1995a)

EPA Region 4 surface water screening level (EPA 1995a)

EPA Region 4 surface water screening level (EPA 1995a)

EPA Region 4 surface water screening level (EPA 1995a)

Iron 1,000

Manganese 80

Nickel 87.7

Selenium 5

Thallium 4

Zinc 58.9

Selection ofSediment Screening Levels

Although the primary focus of thenon

radiological assessment is the new surface soils

created by receding water levels and potentially

affected terrestrial receptors, fluctuating water

levels may cause newly created surface soils to

be frequently inundated . Thus, potentialrisks to

benthic receptorswere also investigated .

calculated using equilibrium partitioning

methods. Ontario Ministry of the Environment

sediment screening levels (OME 1992) were

also used when values were not available from

the sources listed above. Sediment screening

levels used in this assessment are presented in

Table B - 2 .

Selection of Surface Soil Screening Levels

Screening levels for sediment-dwelling

organismswere obtained from themost widely

accepted guidance. EPA Region 4 ecological

screening levelswere preferentially used,which

are primarily Effects Range-Low values from

NationalOceanic and Atmospheric

Administration (Long et al. 1995 ; Long and

Morgan 1991). When valueswere not available

from these sources, screening levels were

obtained from most recent EPA guidance (EPA

1996c), which includes EPA sediment quality

criteria and EPA sediment quality benchmarks

Surface soil screening levels were obtained

from the Oak Ridge National Laboratory On

line EcologicalDatabase (ORNL 1996 ). These

values are based on potential toxicity to

earthwormsand soilmicrobes. These receptors

could presumably inhabit exposed sediments as

water levels recede and exposed sediments

becomesurface soils . EPA Region III

ecological soil screening levels were also used

(EPA 1995b ). Surface soil screening levels

used in this assessmentare presented in

Table B - 3 .
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described below . TRVswere identified that
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Table B - 2 . Ecological screening levels for Par Pond and L -Lake sediment.

Contaminant of Ecological

Potential Concern Screening Level
Source

Inorganics (mg/kg)

Aluminum
NA

Antimony
12 EPA Region 4 sediment screening level (EPA 1995a)

Arsenic
7.24 EPA Region 4 sediment screening level (EPA 1995a)

Barium NA

Beryllium
NA

Chromium
52.3 EPA Region 4 sediment screening level (EPA 1995a)

Cobalt NA

Copper
18.7 EPA Region 4 sediment screening level (EPA 1995a)

Lead
30.2 EPA Region 4 sediment screening level (EPA 1995a)

Manganese
460 Ontario Lowest Effects Level (OME 1992 )

Mercury
0.13 EPA Region 4 sediment screening level (EPA 1995a)

Nickel
15.9 EPA Region 4 sediment screening level (EPA 1995a )

Selenium NA

Thallium NA

Vanadium NA

Zinc 124 EPA Region 4 sediment screening level (EPA 1995a)

Organics (ug/kg)

Acetone NA

Xylene
25 EPA sediment screening level using Equilibrium Partitioning (EPA 1996 )

NA = Not available .

Selection of Terrestrial Plant Screening
concern on Savannah River Site (SRS)

Levels
waterbodies,at least in part,asa resultof

mercury inputs from Savannah Riverwater.

Screening levels for assessing risk to terrestrial Unlikemostmetals,mercury is known to

plants were also gathered from the ORNL
biomagnify in the foodchain , potentially

database. These screening levels are
resulting in elevated body burdens for species in

concentrati
ons

of contamina
nts in soils

higher trophic levels. Other metals were not

associated with toxicity to plants. Terrestrial included in themodeling since they did not

plants would most likely invadenewly exposed
generally exceed screening levels used in this

sediments as water levels recede. Terrestrial ERA (i.e., were not elevated ), and are generally

plant screening levels used in this ERA are notknown to biomagnify.

presented in Table B - 4 .

Derivation of Toxicity Reference Values

Formodeling potential risks ofmercury to

terrestrial receptors,toxic doses (TRVs)for

In addition to contaminant concentration

individual terrestrial receptors were derived for

screening against ecological screening levels,

comparison to doses that the receptorsmay

modeling of potential risks to terrestrial

receive in the environment. TRVswere

receptors from mercury in Par Pond and L -Lake

determined for the representative terrestrial

sediments was also performed . Mercu
ry was

receptors chosen for this ERA ,which are

chosen formodel
ing since it has been of
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0.4

Table B - 3. Ecological screening levels for Par Pond and L -Lake surface soil.

Contaminant of Ecological

Potential Concern Screening Level Source

Inorganics (mg/kg)

Aluminum
600 ORNL soil screening level for earthworms or soilmicrobes (ORNL 1996)

Antimony NAS

Arsenic 60
ORNL soil screening level for earthwormsor soilmicrobes (ORNL 1996 )

Barium
3,000 ORNL soil screening level for earthwormsor soil microbes (ORNL 1996 )

Beryllium NA

Chromium ORNL soil screening level for earthwormsor soilmicrobes (ORNL 1996 )

Cobalt
1,000 ORNL soil screening level for earthwormsor soil microbes (ORNL 1996 )

Copper 50 ORNL soil screening level for earthwormsor soilmicrobes (ORNL 1996 )

Lead 500 ORNL soil screening level for earthwormsor soilmicrobes (ORNL 1996)

Manganese 100
ORNL soil screening level for earthwormsor soilmicrobes (ORNL 1996 )

Mercury 0.1 ORNL soil screening level for earthwormsor soilmicrobes (ORNL 1996 )

Nickel
200 ORNL soil screening level for earthwormsor soilmicrobes (ORNL 1996 )

Selenium
70 ORNL soil screening level for earthworms or soilmicrobes (ORNL 1996 )

Thallium NA

Vanadium 20 ORNL soil screening level for earthwormsor soil microbes (ORNL 1996 )

Zinc 200 ORNL soil screening levelfor earthworms or soilmicrobes (ORNL 1996)

Organics (ug/kg)

Acetone NA

Xylene 100 EPA Region III surface soil screening level (EPA 1995b)

a . NA = Not available.

represent a threshold for sublethal effects .

Sublethal effects are defined as those based on

the measurement endpoint, impairment of

reproduction , growth, or survival. TRVswere

derived separately for avian andmammalian

species, as discussed below . Since toxicity data

for the specific representative receptors chosen

were not available , toxicity data from laboratory

species were extrapolated to be representative of

receptor species. In these instances, a metabolic

scaling factor was employed to extrapolate from

laboratory species to receptor species, which is

also discussed below .

trophic level or guild . Also , the socio -cultural

nature of the receptor species ( e.g. threatened or

endangered species) was also considered . For

each of the representative species, information

on life history was collected, including diet,

average body weight, food ingestion rates, water

ingestion rates, home range, and exposure

durations (percent of totaltime that a receptor

may reside at the site ), when applicable .

Representative species were chosen to represent

the species most likely to be exposed to the

highestcontaminant concentrations because of

its position in the food web, diet (ingestion rate

and food type),home range (contained within

the area of contamination), and body size. The

species selected were assumed to be

representative of other species within the same

For the non-radiological terrestrialmodeling in

this ERA, the representative species chosen

include the bald eagle (Halieeatus

leucocephalus), eastern cottontail (Sylvilagus

floridanus), and wood stork (Mycteria

americana ). The bald eagle was chosen

primarily since it is a federally threatened

species protected by the Endangered Species

Act, and is of special concern on SRS. This

species is ofspecial social, political, aesthetic ,

and cultural concern as well, and is widely

regarded as a symbol of ecological health . It is
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sediments , thisexposure route was assumed to
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Table B -4 . Ecological screening levels for Par Pond and L -Lake terrestrial plants.

Contaminantof Ecological

Potential Concern Screening Level Source

Inorganics (mg/kg)

Aluminum 50 ORNL screening level for terrestrial plants (ORNL 1996)

Antimony
5 ORNL screening level for terrestrial plants (ORNL 1996)

Arsenic 10
ORNL screening level for terrestrial plants (ORNL 1996)

Barium 500
ORNL screening level for terrestrial plants (ORNL 1996)

Beryllium 10
ORNL screening level for terrestrial plants (ORNL 1996)

Chromium
ORNL screening level for terrestrial plants (ORNL 1996)

Cobalt 20
ORNL screening level for terrestrial plants (ORNL 1996)

Copper 100
ORNL screening level for terrestrialplants (ORNL 1996)

Lead 50
ORNL screening level for terrestrialplants (ORNL 1996)

Manganese 500 ORNL screening level for terrestrial plants (ORNL 1996)

Mercury 0.3
ORNL screening level for terrestrialplants (ORNL 1996)

Nickel
30

ORNL screening level for terrestrial plants (ORNL 1996)

Selenium
ORNL screening level for terrestrial plants (ORNL 1996)

Thallium
ORNL screening level for terrestrialplants (ORNL 1996)

Vanadium 2
ORNL screening level for terrestrial plants (ORNL 1996)

Zinc
50 ORNL screening level for terrestrial plants (ORNL 1996)

Organics (ug/kg)

Acetone NA

Xylene 100,000 ORNL screening level for terrestrial plants (ORNL 1996)

NA = Not available.

also representative of other fish -eating raptors
samples in L -Lake (Paller 1996) and Par Pond

found on SRS ( e.g., osprey). For conservatism ,
(Paller and Wike 1996a). Hence, exposure to

the bald eagle was assumed to forage on
mercury via drinking surface water was not

largemouth bass from either Par Pond or L -Lake included in themodel. Also,mostraptors such

exclusively. The diet of bald eagles in South

Carolina consists almost exclusively of fish, and

as eagles generally prey on fish while near

eagles on SRS have been observed feedingon

aquatic environments and, as a result, would not

largemouth bass (Hart et al. 1996 ). Since they

be expected to comeinto contactwith,and

ingest, contaminated sediment. Although an

are generally a larger , piscivo
rous fish , bass

contain higher body burdens ofmercury than

eagle may incidentally ingest sediment while

smaller fish , adding additional conservatism to

consuming dead fish or carrion on exposed

themodel. Also , recent studieshave detected

mercury in Par Pond and L -lake bass,

beminimaland inconsequentialcomparedto

as
described below .

exposure from contaminated fish flesh. Thus,it

wasnot included in the model. The exposure

Although bald eagles are known to drink water ,

parameters used in this ERA for the bald eagle

no mercur
y was detected in recentsurface water are presented on Table B -5 .

1
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Table B -5. Summary of receptor parameter information for Par Pond and L -Lakemodeling of potential

risks from exposure to mercury .

Receptor Parameter Value Reference

Bald Eagle Body Weight 4,500 g EPA (1993)

Food Ingestion Rate 0.540 kg/day Calculated from EPA (1993)

Soil/Sediment Ingestion Rate NAa NA

Diet Composition 100 % largemouth bass
NA

HomeRange ( % time on Par Assumed to be 100 % NA

Pond or L -Lake)

Laboratory Toxicity Value 0.064mg/kg/day ORNL (1996 )

Body/Metabolic Scaling Factor 0.61 NA

Final Toxicity Reference Value 0.04mg/kg/day NA

Cottontail BodyWeight
1,134 g EPA (1993)

Rabbit

Food Ingestion Rate 0.096 kg/day Estimated from EPA (1993)

Soil/Sediment Ingestion Rate 6.3 % of diet Based on jackrabbit, from

EPA (1993)

Diet Composition 93.7 % vegetation
NA

Home Range (% time on Par Assumed to be 100 % NA

Pond or L -Lake)

Laboratory Toxicity Value 0.16 mg/kg/day ORNL (1996 )

Body/Metabolic Scaling Factor 0.67
NA

Final Toxicity Reference Value 0.11mg/kg/day
NA

Wood Stork Body Weight 2,268 g Estimated from EPA (1993)

Food Ingestion Rate 0.40 kg/day Estimated from EPA (1993)

Soil/Sediment Ingestion Rate 7.3 % of diet Based on sandpiper, from

EPA (1993)

Diet Composition 92.7 % small fish NA

HomeRange ( % time on Par Assumed to be 100 % NA

Pond or L -Lake)

Laboratory Toxicity Value 0.064mg/kg/day ORNL (1996 )

Body/Metabolic Scaling Factor 0.76
NA

Final Toxicity Reference Value 0.05 mg/kg/day
NA

a . NA = Not applicable .

Since no data were available from toxicity

studies on the bald eagle, toxicity information

was gathered from the Oak Ridge National

Laboratory for a study on mercury exposure for

themallard (ORNL 1996 ). The study

investigated reproductive impairmentofthis

avian species from exposure to methylmercury

diacyandiamide in the laboratory . The study

calculated a Lowest-Observed-Adverse -Effects

Level (LOAEL ) of 0.064 mg/kg/day2. The

LOAEL was used instead of the No-Observed

Adverse-Effects -Level (NOAEL) since it is

based on actual effects. That is, the NOAEL is

derived from the lowest concentration at which

no effects were observed in the test,whereas the

LOAEL is based on the lowest concentration in

the laboratory at which adverse effects were

2 mg/kg/day = milligram of contaminantper

kilogram of tissue per day.
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conservatively assumed to forage in theseareas.

piscivorouswading birds that occur on Par Pond

DOE/EIS -0268

observed. To extrapolate between the mallard vegetation . Uptake ofmercury by plants was

and the bald eagle, a body size (metabolic) modeled using themaximum and average

scaling factor was employed. The scaling factor concentrations in soil, which weremultiplied by

is based on the relative sizes of the laboratory
a mercury- specific plant biotransfer factor

test species and the receptor species; therefore, presented by Baes et al. (1984). Since the

it adjusts the toxicity data, in this case the cottontail also spendsmost of its time in contact

LOAEL, based on size-related differences in with the soil, exposure to contaminated surface

metabolism . That is, smaller species generally soils via incidental ingestion was also

have a higher metabolism and are expected to
considered in themodel. Again, since no

metabolize and excrete contaminants at a faster mercury was detected in surface water of either

rate (ORNL 1996). Themetabolic (body size) Par Pond or L -Lake, exposure to contaminated

scaling factor is calculated as follows (derived drinking water was not considered. The

from ORNL 1996 ):
exposure parameters used in this ERA for the

cottontail rabbit are presented on Table B-5.

(BM [ /BM1) 1/3

Since no data were available from mercury

where: BML = bodymass of the laboratory test toxicity studies on the cottontail rabbit,toxicity

species
information was obtained from the Oak Ridge

National Laboratory for a study on the rat

BMI = bodymass of the receptor
(ORNL 1996 ). The rat is known to be

species
especially sensitive to contaminants; therefore,

its use as the laboratory species adds

This value wasmultiplied by the test species
conservatism to the assessment. The endpoint

LOAEL to calculate the bald eagle LOAEL of for that study was impairmentof reproduction

0.04mg/kg/day. The eagle LOAEL formercury
from exposure to methylmercuric chloride. A

was then used in themodel and compared to the
LOAEL of 0.16mg/kg/day was calculated for

modeledmercury dose for Par Pond and
that study. The body scaling factorwas also

L -Lake.
employed to derive the final LOAEL forthe

rabbit of 0.11mg/kg/day.

The eastern cottontail was chosen as a

representative speciesbecause it is a common
The wood stork was chosen primarily since itis

small, herbivorou
s mammal found on SRS a federally threatened species protected by the

(Cothran et al. 1991). Itwould be expected to Endangered Species Act, and is of special

forage on newly created surface soils (exposed
concern on SRS. Like the bald eagle,this

sediments ) as the water levels fluctuate in Par
species is ofspecial social, political,aesthetic,

Pond and L -Lake and eventually recede in
and cultural concern as well. The wood stork

L -Lake over several years . It would be in was assumed to forage on small fish from either

constant contact with the surface soil, increasing Par Pond or L -Lake exclusively, since it is

the chancesofconta
minantexposure. It was

also chosen since it is relatively representative

known to feed primarily on small fish (Stokes

of other small mammals found on SRS. The

and Stokes 1996 ). Although wood storks have

cottontail was conservativ
ely

assumed to forage

not been observed foraging on Par Pondor

exclusively on exposed Par Pond or L -Lake

L-Lake in several years (LeMaster 1996), they

have been observed on other sites on SRS, and

sediments. Given the size of the rabbit's home

range [as small as 0.8 hectare (2 acres); EPA

Par Pond and L -Lake may provide foraging

1993], this may be a realistic (i.e., not overly

areas for this species. Therefore,they were

conservativ
e
) ass

umption. The primary

exposure route for this herbivo
re was assumed

They are also representative of other

to be exposure from consuming contaminated
and L -Lake, such asthe great blue heron.
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Although wood storks are expected to ingest

water, no mercury wasdetected in recent

surface water samples in L -Lake (Paller 1996 )

and Par Pond (Paller and Wike 1996a). Hence,

exposure to mercury via drinking surface water

was not included in the model. The wood stork

may incidentally ingest sedimentwhile feeding.

Thus, incidental ingestion of sedimentwas

included as an exposure parameter. The

exposure parameters used in this ERA for the

wood stork are presented on Table B -5 .

that, unlikenon -radiological contaminants ,

simple radiological screening levels akin to

ambientwater quality criteria or Region 4

sediment screening levels do not exist. Hence,

only modeling, and not simple screening of

concentrations against screening levels,was

performed .

Since no data were available from toxicity

studies on the wood stork , toxicity information

was gathered from the Oak Ridge National

Laboratory for a study ofmercury exposure for

the mallard, as discussed above for the bald

eagle (ORNL 1996 ). The study calculated an

LOAEL of 0.064mg/kg/day. The body scaling

factor was employed to derive the final LOAEL

of 0.05mg/kg/day for the wood stork.

The U.S. Department of Energy (DOE)

radiation dose limit to aquatic organisms is

1.0 rad per day (DOE Order 5400.5). For

terrestrial organisms, this ERA uses a radiation

dose limit of 0.1 rad per day. The International

Atomic Energ Agency has concluded that

“ there is no convincing evidence from the

scientific literature that chronic radiation dose

rates below 1 milligray per day (36.5 rad per

year) will harm animal or plant populations"

(IAEA 1992).

B.1.1.2.2 . Radiological

Screeningvalues for radiological constituents

were established as two times the average

concentration in the reference sediment samples

(i.e., background). Only radiological

constituents that exceeded two times the

average background concentration were

incorporated into radiologicalmodeling of

potentialrisks to several ecological receptors.

A concentration less than two times the

background concentration is not indicative of a

contaminant release (EPA 1996c) and can be

considered statistically insignificant considering

the applicable dose limits. It should be noted

The radiological portion of this ERA analyzed

two of the same receptor species selected for the

non - radiological portion of the study ( i.e., bald

eagle and wood stork ) for the reasons described

earlier in the non -radiological discussion. Also ,

potential risks from radiological contaminants

weremodeled for a generalized minnow -sized

fish , largemouth bass, osprey, and the great blue

heron . Potential risk to fish from non

radiological contaminants was notmodeled

since sufficientcontaminant data for these

receptors were available from several other

studies. The conservative dietary assumptions

for the species used in the non-radiological

portion of this ERA (as described earlier), and

the others, were also used in the radiological

portion of the analysis.

B.1.2 Preliminary Exposure Assessmentand Risk Characterization

Section B.1.2.1 describes the components of

preliminary exposure assessment and

Section B.1.2.2 describes the components of

risk characterization .

B - 13



sediment contaminant screening for these areas.

environmentalmonitoring ofsediments in 1994

and 1995 were used to obtain exposure point

DOE /EIS -0268

B.1.2.1 PRELIMINARY EXPOSURE this assessment were re -evaluated and analyzed

ASSESSMENT for this ERA (Dunn andMartin 1997). Forty

four surface sediment samples (0 to 6 inches)

Non- radiologicaland Radiological: Exposure collected throughout the lakeas part ofthe site

Point Concentrations and Contaminant evaluation , in both the floodplain and stream

Doses channel,were used for this ERA (Appendix F).

Samples were also collected from reference

Data used to obtain exposure pointcontaminant areas, including drainagesofSteel Creek and

concentrations for the waterbodies assessed in Meyers Branch, its main tributary. The L-Lake

this ERA were gathered from several sources. and reference location samples were analyzed

A discussion of the data and studies used to for radionuclides and metals. Organics were not

obtain exposure point contaminant
analyzed for and were not evaluated for L-Lake

concentrations for this ERA is provided below . in this ERA since they were not detected in

L -Lake sediments in a previous study (Kochet

Non-radiological and radiological sediment al. 1996 ). Also , no knownmajor releases or

contaminant concentration data for Par Pond sourcesof organic contaminants to L -Lake have

were obtained from Paller and Wike (1996a).
existed or are known to exist. Maximum and

For that study, fifteen surface soil samples
average concentration

s ofmetals and

spread among each major region of Par Pond radionuclides in the 44 samples were used to

(North Arm , Intake Arm , Hot Arm , and Main

Body) were collected from exposed sediments

represent exposure point contaminant

concentrations in sediments/exposed soils. The

during the drawdown in 1995, and each were

analyzed for radionuclides and mercury . Also ,

maximum and average concentrations of

several sediment sampleswere collected in each

mercury from that study were also used to

major region ofPar Pond and composited for

represent the soil concentrations of that

constituent in themodeling of exposure for the

each region, resulting in a totaloffour samples. cottontail rabbit at L -Lake. Since fluctuating

Ten samples were also collected from two

reference locations, onenear Lost Lake and one

water levels in Par Pond and L -Lakemay result

near Road D. The composite and reference

in re -inundation of exposed sediments, the

sediment contaminant concentrations were

samples were analyzed for radionuclides and considered to be characteristic of both surface

mercury , as well as totalchlorinated

hydrocarbon ( TCL) organics, target analyte list

soil and sediment. Surface sediment samples

(TAL) metals, and polychlorinated biphenyls.

were used since they are the horizon of

Themaximum and average concentration
s
of all

sediments that terrestrial receptorsmay be

non-radiologicaland radiological contaminants

exposed to when water levels recede or

fluctuate.

detected in all samples described above were

used to represent exposure point contaminant

concentrations in sediments/exposed soils. The

Recently collected non-radiologicalsediment

maximum and average concentrations of

contaminant data for Steel Creek and Lower

mercury from that study were also used to

Three Runs are not abundant. Sufficient data

represent the soil concentra
tions of that

were not available to conduct a thorough

constituent in the modelin
g ofexposure for the

cottontail rabbit at Par Pond.

However,one sediment sample in SteelCreek

and Lower Three Runs is collected each year as,

For L -Lake, sedim
ent data from recent sampling

part of SRS-wide environment
al

monitoring and

as part of a Site Evaluation were used to obtain

analyzed for inorganics,pesticides, and

representative exposure pointcontamin
ant

herbicides (WSRC 1996 ). Data from

concentration
s
(Dunn, Gladde

n , andMartin .

1996 ). Selected data from that study germaneto
contaminant concentration

s
for each stream .
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However, themost recent inorganic data for

Lower Three Runs and Steel Creek are from

1994. The samples were collected at a location

approximately 4 miles and 1 mile downstream

of Par Pond and L -Lake, respectively. Two

samples also collected from the same sampling

location in each stream , one in 1994 and one in

1995 ,were used to obtain exposure point

contaminant concentrations for pesticides and

herbicides. The highest of the two values was

used as the exposure point concentration .

Surface water exposure pointcontaminant

concentrations for Par Pondwere obtained from

Paller and Wike (1996b ). For that study, a

surface water sample was collected in each arm

of Par Pond (north ,middle ,west, and near the

dam ). Samples were collected from near the

surface and near the bottom , resulting in a total

of eight samples. Each sample was analyzed for

TAL metals and radionuclides. Organics were

not analyzed for, presumably due to the absence

of organic contaminant sources along Par Pond

and upstream in Upper Three Runs. No

suitable, recently collected background or

reference data were available for surface water.

Also , since L -Lakewater levels are expected to

recede to the original stream bed , current

surface water data for that waterbody were not

assessed since the results would be of limited

value.

Recently collected radiological sediment

contaminant data for Steel Creek and Lower

Three Runsare not sufficient to conduct a

thorough sedimentcontaminant screening for

these areas. Results from seven surface water

samples from Steel Creek were reported in the

SRS Environmental Data supplement to the

1995 SRS Environmental Report (WSRC 1996 ).

However, only one sample was reported from

Lower Three Runs, and this sample was taken at

themouth of the stream .

In addition to the studies listed above, numerous

other investigations have been performed on the

waterbodies evaluated in this ERA and their

ecological receptors. These include, but are not

limited to , studies involving surface water

chemistry , terrestrial receptors and terrestrial

ecology , and aquatic receptors and aquatic

ecology. Applicable studies, both non

radiological and radiological,were qualitatively

assessed in the ERA and used in the weightof

evidence approach to assessing potential

ecological risks in the risk characterization step

for each site described in Section B.1.2.2 .

Non-radiological: Contaminant Doses for

Representative Receptors

Due to the nature of the data described above,

averages could not be calculated for each class

of contaminants at each stream . Organics other

than pesticides and herbicideswere not analyzed

for, presumably since no upstream sources of

these contaminants are known to exist or have

existed . Also , the absence of extensive

sediment data for inorganics, pesticides, and

herbicides is somewhatmitigated by several

factors. First of all , it is assumed that the

contaminated portions of the streams(i.e., the

channels) would remain wet or generally

inundated under the Proposed Action due to

groundwater inputs, flooding, and the

maintenance of 10 cubic - foot (0.28 -cubic

meter) per second (minimum ) stream flow in

Lower Three Runs and Steel Creek . This would

minimize exposure formany types of terrestrial

receptors, such as smallmammals, to exposed

contaminated sediments, as well as exposure for

terrestrial plants that would invade permanently

exposed soils. Further,avian predators such as

the eagle,and osprey are expected to feed much

more often on the open water of the lakes rather

than on the smaller streams.

The actual dose of a COPC (in this case,

mercury ) a receptor species receives as the

result of indirect or direct exposure is dependent

upon the habits of the species and other factors.

Asmentioned earlier, a simplemodelwas used

to predict dietary exposures for representative

receptor species to be compared to TRVs

discussed previously . Both themaximum and

average detected concentrations of contaminants

were used in themodel. Modelruns were

performed for the bald eagle using the

maximum and average concentrations of
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FI fractional intake (percentof

homerange that overlaps

impacted area ; assumed to be

100 % )

SA percentof diet that equals soil

AF absorption fraction (unitless;

assumed to = 100 % )

F food consumed (mg/day)

mercury detected in largemouth bass in Par

Pond (Paller and Wike 1996b) and L -Lake

(Paller 1996 ). For the cottontail, both the

maximum and average detected concentrations

in sediments ( exposed soils) from the studies

discussed above were used to determine

contaminant concentrations in terrestrial

vegetation and were also used to calculate

incidental ingestion ofmercury from

contaminated soil. For the wood stork ,

contaminant concentrations in small fish that

this receptor was assumed to forage on were

obtained from preliminary data generated by the

Savannah River Ecology Laboratory as part of

on -goingwood stork ecology studies (Bryan ,

Brisbin , and Jagoe 1997). Several species of

fish in Par Pond and L -Lake were collected and

analyzed formercury by SREL , including

largemouth bass,bluegill, brook silversides,

warmouth , sunfish ( several types), and lake

chubsucker. For each of these species , only fish

of a size that the wood stork would be expected

to forage on ( approximately 120millimeters or

smaller ) were collected.

WR = body weight(kg)

CF conversion factor (kg to mg)

Ingestion of Food items

Intestinal absorption ofmercury was

conservatively assumed to equal 100 percent.

The following equation was used to estimate

mercury intake from ingestion of contaminated

food items:

PD ingestion of food =

The equations used to calculate the dose of

mercury ingested for each exposure route for the

bald eagle , wood stork , and cottontail rabbit are

presented below .

(Cfood * Fx FA > FI x AF)

(WR x CF)

where : PD
predicted dose from ingestion

of food items (mg/kg/day)

Incidental Ingestion of Soil/Sediment

Cfood = contamina
nt

concentratio
n

(vegetation orprey;mg/kg)

Intestinal absorption ofmercury in

soil/sediment was conservatively assumed to

equal 100 percent. Daily intake ofmercury as a

result of ingestion of soil/sediment was

determined using the following equation :

F
food consumed (mg/day)

FA
animals/vegetation as a

percentage of diet

PD ingestion of soil =

FI

(Csoil > FI SA ~ AF F )

(WRX CF)

fractional intake (percent of

home range that overlaps

affected area ; assumed to be

100 % )where : PD =
predicted dose from ingestion

of soil (mg/kg/day)
AF

absorp
tion

fraction (unitless,

assum
ed

to = 100 % )

Csoil concentration in soil (mg/kg)
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WR weight ofreceptor (kg) the COC in the food source by the food

consumption rate, and by a species-specific dose

conversion factor .
CF conversion factor (kg to mg)

Radiological: ContaminantDoses for

Representative Receptors

Radiation dose to receptor species from

radiological COCs is dependent on species

specific habits and other species-specific

parameters, such asbioaccumulation factors. A

simple but conservativemodelwas used to

estimate radiation doses to receptor species

based on exposure to contaminants in ambient

water, uptake of contaminants in water,

exposure to contaminants in sediments ( for

fish ), and exposure to contaminants through the

ingestion of fish (for avian species).

The calculation of dose conversion factors for

ingestion for all avian species is similar. For

purposes of these calculations, the animals are

assumed to possess similar metabolic processes

ashumanswith regard to retention and

excretion of radioisotopes; the chemistry of

radioisotopes in the animals' bodies is assumed

to be the same as that ofhumans. Equations

from the International Commission on

RadiologicalProtection were used to predict the

uptake rate and body burden ofradioactive

material over the lifespan of the animals, which

is assumed to be one year. All isotopes were

assumed to be uniformly distributed throughout

the body of the animal. For purposes of this

calculation, the entirety ofthe alpha and beta

particle energies was assumed to be absorbed

within the body of the animals. Although only a

small fraction of the energy emitted by the

isotopes of concern is due to gamma rays, their

contribution to the absorbed dose is taken into

account by assuming that the animals have the

following effective radii: osprey - 1.2 inches

(3 centimeters), heron - 2 inches (5 centimeters ),

bald eagle - 4 inches ( 10 centimeters), and wood

stork - 4 inches (10 centimeters). Tabulated

values (Baker and Soldat 1992) ofabsorbed

energy per disintegration were utilized.

Radiation dose to fish from exposure to

contaminants in ambient water was calculated

by multiplying the concentration ofeach

radiological COC in the ambient water by a

submersion dose conversion factor. Radiation

dose to fish from uptake of contaminants in

water was calculated by multiplying the

concentration ofeach radiological COC in the

ambient water by a species- specific

bioaccumulation factor for the given COC, and

by a species -specific internal dose conversion

factor. Likewise, the radiation dose to fish from

exposure to contaminants in sediments was

calculated by multiplying the concentration of

each radiological COC in the sedimentby an

external dose conversion factor. Radiation

doses from these three pathways were added

together for a totalradiation dose . Total

radiation dose was calculated for both the

maximum and average COC concentrations in

applicable media.

Radiation doses to avian species were calculated

for the consumption of contaminated food

items. It is conservatively assumed thateach

avian species subsists entirely on a diet of

contaminated minnows or largemouth bass, as

appropriate for the given avian species. The

radiation dose for the avian species was

calculated by multiplying the concentration of

Internal dose conversion factors for minnows

and largemouth bass were calculated by

assuming a steady- state concentration of

radioactive materialwithin the tissues of the

animal. The absorbed dose dueto particulate

radiation is calculated as described above for

avian species. For photon radiation , the

absorbed fractions are assumed to be equal to

that for a sphere of waterwith an effective

radius of 0.6 inches ( 1.4 centimeters) (minnow )

and 2.8 inches (7 centimeters) (bass) (Baker and

Soldat 1992). The externaldose to minnows

and largemouth bass in streams is assumed to

result from two sources: the water surrounding

the fish and the sedimentbeneath the fish . For

purposes of the submersion dose calculation , the
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where: HQi - Hazard Quotientfor COPC"1"

(unitless )

EPC ; = Exposure Point Concentration

for COPC " " (ug/kg ormg/kg)

minnows and largemouth bass are assumed to

be surrounded at all times in their lifespan by an

infinite body ofwater with a uniform

distribution of radioactive material. The

externaldose is assumed to arise entirely from

photon radiation . Tabulated values (Baker and

Soldat 1992) of immersion dose conversion

factors were utilized . External dose conversion

factors from exposure ofminnows and

largemouth bass to sediment on the bottom of

the streamswere calculated using the

MicroShield computer code .

ESL ; = Ecological Screening Level for

COPC “ i” (ug/kg ormg/kg)

B.1.2.2 RISK CHARACTERIZATION

B.1.2.2.1 Non -Radiological

As identified by EPA (1995a), the preliminary

risk characterization step in the ecological risk

assessmentprocess compares exposure point

contaminant concentrations with screening

levels protective of ecologicalreceptors , or

contaminantdoses to TRVs. Once this step was

completed for this study, the results were

reviewed to determine whether little or no

ecological risk is associated with the Proposed

Action at the sites or if additional information

must be generated to verify that ecological

receptors are at risk . Prior to the comparisons

described above, the maximum and average

concentrations of inorganic contaminants at

each site were compared to two times the

average concentrations in background samples .

Inorganic COPCsthat did not havemaximum or

average concentrations in excess of two times

the background concentration were excluded

from further consideration . This step is

performed since concentrations of inorganics

can benaturally high and not indicative of

contaminant releases (EPA 1996c).

When the ratio of the exposure point

concentration to its respective screening level

exceeded 1.0, adverse impacts were considered

possible , and the COPC was retained as COC.

TheHQ value should not be construed as being

probabilistic; rather, it is a numerical indicator

of the extentto which an exposure point

concentration exceeds or is less than a screening

level. When HQ values exceed 1.0, they are an

indication that ecological receptors are

potentially at risk; additional evaluation or data

may be necessary to confirm with greater

certainty whether ecological receptors are

actually at risk , especially since most screening

levels are conservatively derived . Furthermore,

other factors, such as low frequency of

detection,may mitigate potential risks for a

COC with an elevatedHQ value. Because of

the conservatism inherent in most screening

level derivation , EPA Region III (EPA 1994)

has suggested that HQs greater than one are

indicative of low to moderate potential risk;

HQs greater than 10 are indicative of moderate

potential risk ; and HQs greater than 100 are

indicative of high potential risk . However,

these classificationswere used only as a general

guide, and individual exceedances of screening

levels andHQ values were each scrutinized.

The use ofHQs is probably the mostcommon

method used for risk characterizatio
n in ERAS.

Advantagesofthis method , according to

Barnthouse et al. (1986),include the following:

The ratio of the exposure point contaminant

concentration to the screening level is called the

Hazard Quotient (HQ), and is defined as

follows:
TheHQ method is relatively easy to use,is

generally accepted, and can be applied to

any data.
HQi= EPC ;/ESL;
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Themethod is usefulwhen a largenumber

of contaminantsmust be screened .

was also used . HQ values for each exposure

route were summed to obtain a HIbased on all

exposure routes .

B.1.2.2.2 Radiological

This method of risk characterization has some

inherent limitations. One primary limitation is

that it is a “ no/maybe” method for relating

toxicity to exposure. Also, it uses single values

for exposure concentrations and screening levels

and does not account for the variability in both

these parameters nor for incremental or

cumulative toxicity . To address cumulative

toxicity , HQswere summed for all contaminants

with similarmodes of action in a given medium

to obtain a Hazard Index (HI). Although similar

to an HQ in that an HI value of one or greater

indicates potential risk , the HI should be

interpreted with caution. The HI valuemay

exacerbate the preceding uncertainties in the

assessment. For example,most of an HI value

may be due to a single contaminant that has a

high HQ but a low frequency ofdetection .

Also, ecological toxicity is not necessarily

additive even ifmodes of action are similar. As

mentioned above,multiple contaminantsmay

have synergistic , and even ameliorating, effects.

For radiological contaminants, the preliminary

risk characterization step in the ecological risk

assessment process compares exposure point

contaminantconcentrations with screening

levels (background), and , for the remaining

radionuclides, radiation doses to the guideline

doses described earlier. For this study, the

results of the preliminary risk characterization

were reviewed to determine if ecological risk is

associated with the Proposed Action at the

waterbodies or if additional information must be

generated to verify that ecological receptors are

at risk .

The comparisonsdescribed above are presented

in site- specific screening tables to select COCs

for each individual waterbody assessment

section. Screening tables include the frequency

of detection for each COPC , as well as the

exposure pointconcentration , and asmentioned

earlier, contaminant-specific screening levels.

Note that due to the absence of extensive non

radiological data for Lower Three Runs and

Steel Creek, the data and results were not tabled.

Some contaminants were present in somemedia

forwhich no suitable screening values were

available. In these instances, these

contaminants were conservatively retained as

COCs and qualitatively assessed . For

comparison of doses to TRVs, theHQ method

Again , as a screening value, themaximum and

average concentrations of radiological

contaminants at each site were compared to two

times the average concentrations in background

samples. RadiologicalCOPCsthat did not have

maximum or average concentrations in excess

of two times the background concentration were

excluded from further consideration . Any

inorganic concentration less than two times the

background concentration may notbe indicative

of a contaminantrelease (EPA 1996c) and can

be considered statistically insignificant

considering the applicable dose limits.

Radiologicaldoses were compared to DOE

radiation dose limit for aquatic organismsof

1.0 rad per day (DOE Order 5400.5). For

terrestrial organisms, this ERA used a radiation

dose limit of 0.1 rad per day. The International

Atomic Energy Agency has concluded that there

is " no convincing evidence from the scientific

literature that chronic radiation dose rates below

1 milligray per day ( 36.5 rad per year) will harm

animal or plant populations” (IAEA 1992).

B.1.3 Uncertainty Analysis

Uncertainty is associated with all aspects of the

ERA process. This section provides a summary

ofthe general uncertainties involved in this

ERA, with a discussion ofhow they may affect

the final risk values and conclusions. Some

additional discussion of site - specific
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uncertainties are also contained in site -specific Uncertainty associated with the exposure

assessment sectionsbelow .
assessment includes the methods used and

the assumptionsmade to determine

Once an ERA is complete, the resultsmustbe
exposure point concentrationsor calculate

reviewed and evaluated to identify the types and
contaminant doses.

magnitudes of uncertainties involved. Relying
Uncertainty in risk characterization includes

on results from a risk assessment without

that associated with combining conservative

consideration of uncertainties , limitations, and
assumptionsmade in earlier activities.

assumptions inherent in the process can be

misleading. Ifnumerous conservative B.1.3.1 UNCERTAINTY IN THE

assumptions are combined in the ERA process, PRELIMINARY PROBLEM

the resulting calculations will propagate the FORMULATION

uncertainties associated with each of those

assumptions. The resulting bias is toward For themost part, ecological risk assessments

overpredicting risks. Thus, both the results of are performed to assess the potential for current

the risk assessment and the uncertainties

associated with those resultsmust be considered

or future risks given a constant environmental

scenario . Although ERAsare occasionally

when making risk management decisions. conducted that are based on modeled data for

Generally , risk assessments carry two types of

changing environmentalconditions in the

uncertainty : measurement and informational.

future, uncertainties are introduced into the

Measurement uncertainty refers to the

process when assessing potential risks for a

variability inherent in measured data . The risk

future scenario that is not fully understood. In

assessment reflects the accumulated variances

particular, fluctuatingwater levels in the future

of the individual values used for several

under the Proposed Action introduce variables

different parameters. Informational uncertainty

that are difficult to fully account for in the

stems from the limited availability of necessary

assessment. This includes uncertainty involved

information . Often the gap between what is

in determining contaminantmigration and

needed and what is available is significant;

exposure routes. For example,mercury maybe

information regarding the effects of some

resuspended in the water column from

contaminants on wildlife receptors, the

fluctuating water levels, but it is difficult to

biologicalmechanism of a contaminan
t
, the

predict the magnitude ofsuch contaminant

impactofphysiologic
al

differences on exposure

migration and the extent to which receptors may

pathways, or the behavior of a contaminant in

be adversely affected .

various environmentalmedia is often absent.
B.1.3.2 UNCERTAINTY IN THE

Uncertainty is associated with each of the steps

ECOLOGICAL EFFECTS

of the risk assessment process:

CHARACTERIZATION

Uncertainty in preliminary problem

A great deal of uncertainty in this risk

formulation can result from limited

assessmentarises from the nature and quality of

information regarding contaminan
t
sources,

the available toxicity data used to derive

releasemechani
sms

, and exposure routes .

screening levels. This uncertainty is reduced

Uncertainty in the ecological effects

when similar effects are observed across

characterizatio
n

arises from the quality of

the existing screening values and toxicity

themagnitude ofthe response is clearly dose

data to support a det
ermination of potentia

l

adverse impacts to ecological receptors. species. Most screening levels are basedonthe

1
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most conservative assumptions possible.

Although an inherent levelof conservatism is

needed in a screening-level ecological risk

assessment to ensure that themost sensitive

receptors are protected , conservative screening

levelsmay heavily overestimate potential risks

and the resulting HQ values may bemisleading.

Both ambientwater quality criteria (as used in

Region 4 screening levels) and many sediment

screening values used in this assessmentare

based on laboratory studies that do not take into

accountmitigating or ameliorating physical and

chemical conditions in the environment.

Therefore , uncertainty is introduced into the

assessment, and the results tend to overestimate

potential risks.

used to extrapolate for the bald eagle and wood

stork , and rat toxicity data were used for the

cottontail rabbit. Both the mallard and rat are

generally considered to be sensitive to

contaminants. Therefore, the use of data for

these organismsmay increase the chances that

potentialrisks are being over -predicted.

Nonetheless , the use of toxicity data for species

other than those investigated in the modeling

introduces uncertainty .

B.1.3.3 UNCERTAINTY IN THE

EXPOSURE ASSESSMENT

In addition, ERAs, unlike human health risk

assessments, must consider risks to many

different species. Calculation of risk values for

every potential receptor species is not possible.

For this ERA, conservative screening levels

protective of a wide range ofecological

receptors were sought. The underlying

assumption associated with the use of these

screening levels is that contaminant

concentrations in excess of these values are

indicative of potential impacts to actual

receptors inhabiting the area . However, species

specific physiological differences thatmay

influence an organism's response to a

contaminant or subtle behavioral differences

thatmay increase/decrease a receptor's contact

with a contaminant are seldom known. Also ,

some contaminants were present in somemedia

forwhich no suitable screening levels were

available, and as a result , they could not be

quantitatively assessed. For these reasons, the

use of screening levels,while necessary , will

introduce error into the results of an assessment.

Uncertainty in the exposure assessment arises

mainly in themethodsused to obtain exposure

point concentrations. The maximum detected

contaminant concentrations were generally used

to represent the highest contaminant

concentrations to which ecologicalreceptors

mightbe exposed. Ifthe samples evaluated in

this ERA are representative ofcontaminant

concentrations associated with the sites, then

this approach is conservative and should

overestimate potentialrisks to ecological

receptors. Themaximum concentration of a

contaminant in a given medium may have been

collected in a “ hot spot” ofcontamination, and

may bemuch higher than the remaining values

in the data set. Again , although use of

maximum values is appropriate for screening in

an ERA, they may grossly overpredict potential

risks. To somewhatmitigate these

uncertainties, average concentrations were also

used , but they do not fully account for the

uncertainties involved in selecting exposure

pointcontaminantconcentrations.

Individualreceptor species were chosen for

modeling of potential risks from exposure to

mercury. As discussed earlier, toxicity

reference values were obtained for each species.

Since no toxicity tests have been conducted for

the receptors chosen , laboratory toxicity data

from similar specieswere obtained and

extrapolated . Toxicity data for themallard were

Also , several inputparameters were used in the

modeling calculations for each receptor. To

maintain a relatively high level of conservatism

in this screening-level assessment,worst-case

values were used to calculate risk values for

each receptor (e.g., exposure to maximum

concentration of mercury in fish for thewood

stork and eagle). However, it is highly unlikely

that the very conservative values used for each

exposure parameter will hold true in the

environment. The use of several of these
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Manganese (HQ = 3.96) andmercury (HQ=

4.8 ) were present in maximum concentrations in

assumptions in the calculations increases the

chances that the risks are over-predicted,

introducing uncertainty into the results.

B.1.3.4 UNCERTAINTY IN THE RISK

CHARACTERIZATION

Furthermore, data used to obtain exposure point

contaminantconcentrations and contaminant

concentrations in fish for the mercury modeling

were obtained from several different sources.

Although each of these studies was scrutinized

to determine if it was adequate for its use in this

assessment, the use of data from different

sources contributes to uncertainties. For

example,laboratory analyses were performed by

different laboratorieswhich may have different

detection limits in their methods, slightly

different analytical protocols, and so forth .

Uncertainty in the risk characterization is

affected by all aspects of the ERA process

described in the above sections. Uncertainty in

risk characterization also stems, in part, from

the fact that differentcomponents of the ERA

are combined and compared in this step. Each

of those components already contains different

types ofuncertainty , as discussed above. Thus,

uncertainties may be propagated when these

components are combined . To try to reducethe

overall uncertainty in the risk assessment,the

weightof evidence approach is used to make

risk decisions. This approach takes the results

of all aspects of the assessment into account,

including the uncertainties, to make

determinations ofpotential risk/no risk.

B.2 PAR POND

SedimentsThemajor elements of preliminary problem

formulation , ecological effects assessment, and

exposure assessment for the Par Pond ERA are

discussed in Section B.1 . Hence, only the risk

characterization results and discussion are

presented in this section .

B.2.1 NON -RADIOLOGICAL

CONTAMINANTS

Risk Characterization - Results

Only the maximum concentration ofmercury

exceeded its sediment screening level, witha

HQ value of 3.72 (Table B -8). Most

contaminants'maximum concentrations did not

exceed two timesthe average background

concentration . Thallium was conservatively

retained as a sediment COC since themaximum

detected concentration exceeded two times the

average background concentration and no

suitable sediment screening levelwas available.

Acetone was conservatively retained as a

sedimentCOC since no suitable screening level

was available. No inorganic contaminants had

average concentrations in excess of two times

their background concentrations (Table B-9).

Acetone was also conservatively retained as a

COC under the average scenario since no

suitable screening level was available.

The results of the risk characterization step for

each aspect of the Par Pond assessmentare

presented below .

Surface Water

In Par Pond surface water,barium (HQ = 4.62) ,

beryllium (HQ = 2.83), and cadmium (HQ =

1.52) had HQ values in excess of one

(Table B -6 ). These three metals also had

average concentrations with HQs greater than 1

(Table B - 7). Since no suitable site- specific

background data were available ,
concentrations

were not compared to two times the average

background concentration .

Surface Soil

excess ofscreening levels (Table B-10).

Thallium was conservatively retained asa COC
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column. However, Paller and Wike (1996b)did

impoundment. For these reasons, it is unlikely

DOE/EIS -0268

since themaximum detected concentration
media. For the wood stork , an HI of 1.50 was

exceeded two times the average background
calculated using themaximum fish and

concentration and no suitable soil screening
sediment concentrations (Table B - 14 ). Using

level was available . All other inorganics had

the average concentrations, a HI of 0.58 was

maximum concentrations that did not exceed
generated.

two times theaverage background

concentrations. Acetone was conservatively
Risk Characterization - Discussion

retained as a sediment COC since no suitable

screening levelwasavailable . No inorganic

To begin with , due to the general absence of

contaminants had average concentrations in

COCs with similar modes ofaction, the

excess of two times their background

calculation ofHIvalues for sediments, surface

concentrations ( Table B -11). Acetone was also

soils, or terrestrial plants was not applicable.

conservatively retained as a COC under the

average scenario sinceno suitable soil screening

Surface Water

levelwas available .
In Par Pond surface water barium , beryllium ,

Terrestrial Plants

and cadmium exceeded screening levels.

However, the HQ values were relatively low .

Mercury (HQ = 1.61) and thallium (HQ = 6.4 ) Beryllium and cadmium were detected only in

were the only inorganic contaminants whose

one sample , suggesting that the presence of

maximum concentration exceeded its terrestrial these inorganics in surface waters isnot

plant screening level (Table B - 12 ). All other

widespread. Barium was detected in all surface

inorganics exceptmanganese had maximum

water samples, but the HQ values may be due to

concentration
s less than two times the average

the conservatism inherent in the screening level.

background concentrations. Acetonewas

For example, background barium concentrations

conservativ
ely

retained as a terrestrial plant

in river waters in the U.S. range up to 150

COC under themaximum scenario since no

microgramsperliter (Jorgensen, Nielsen,and

suitable screening levelwas available. No

Jorgensen 1991),two orders ofmagnitude

inorganics had average concentration
s
that

higher than the screening level. Appreciable

exceeded two times the average background

levels of barium sulfate occur in surface waters

concentration
s

(Table B -13) . Acetonewas

because natural waters often contain high

conservatively retained as a sediment COC

sulfate concentration
s (ATSDR 1992).

under the average scenario since no suitable

Background levels of barium at many

screening levelwas available.

Departme
nt

ofDefense sites frequently exceed

the screening level. Also, barium was nota

MercuryModeling in the Foodchain
COC in sediments, as discussed below .

Using themaximum concentrati
on

ofmercury

Fluctuati
ng water levels in Par Pond under the

Proposed Action could potentially result in

in fish , the HI for the bald eagle at Par Pond was

9.54 (Table B -14 ). Using the average

resuspens
ion

of contamina
nts

into the water

concentra
tions

, a HIvalue of 2.02 was

calculate
d
. For the cottontail rabbit, a HI of

not observe increased inorganic contaminant

0.34 was calculated using themaxim
um

concentra
tions in Par Pond surface waterduring

concentra
tions

ofmercur
y in plants and surface

the recentdrawdow
n and refill of the

soils (Table B -14 ). A HI value of 0.05 was

calculated for the cottontail rabbit using the

that barium , beryllium , or cadmium pose

average concentrati
ons

ofmercury in those

significa
nt

potentialrisks to aquatic receptors.
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Thallium was conservatively retained as a COC

DOE/EIS-0268

Table B - 14 . Results ofmercury modeling in the foodchain for bald eagle , cottontail rabbit, and wood

stork in Par Pond and L -Lake.

Hazard Index : Hazard Index : Average

Receptor
Waterbody Maximum Concentration Concentration

Bald eagle
Par Pond 9.54 2.02

L -Lake 3.21 1.28

Eastern cottontail
Par Pond 0.34 0.05

L -Lake 0.26 0.05

Wood stork
Par Pond 1.5 0.58

L -Lake 0.81 0.29

Sediments Surface Soils

Ofall of the contaminants detected in Par Pond In soils,mercury was also a COC (HQ = 4.8)

sediments, only mercury had a maximum
using the maximum concentration , as was

concentration in excess of two times the average
manganese (HQ = 4). Yet both HQ valueswere

background concentration and the screening
not significantly elevated . It is unlikely that soil

level, and itsHQ value (3.7 ) was not invertebrates would be exposed to themaximum

significantly elevated. Moreover, it is unlikely concentration ofthese inorganics in surface

that benthic invertebrates would be exposed to soils. The average concentration ofmercury

the maximum concentration ofmercury in was less than twotimes the average background

sediments. The average concentration of concentration and the soil screening level.

mercury was less than two times the average
Again , the relatively large number of samples

background concentration and the sediment
analyzed for mercury in Par Pond sediments

screening level. The relatively large number of
(soils) increases the statistical validity ofthe

samples analyzed for mercury in Par Pond average concentration. The average

sediments (n = 149) increases the confidence in concentration ofmanganese did not exceed two

use of the average concentration. Acetonewas

conservatively retained as a COC since no

times the average background concentration.

Acetone was conservatively retained as a COC

suitable screening levelwas available . since no suitable screening level was available.

Although this organic doesnot naturally occur Although this organic is notnaturally occurring

in sediments, the maximum detected
in soils, themaximum detected concentration

concentration only slightly exceeded the only slightly exceeded the average

average concentration in background samples, concentration in background samples, andthe

and the average concentration in Par Pond was

less than the average concentration in

average concentrati
on

in ParPond was less than

background. Also , acetone is a common

the average concentrati
on

in background. Also,

laboratory contamin
ant

. Thus, it is unlikely that

acetone is a common laboratory contaminant.

adverse effects to benthic organisms are

occurring or would occur as a result of exposu
re

since itsmaximum concentratio
n
exceededtwo

to mercury or acetone in sediments.

times the average background andno screening

level was available. Yet thallium was only
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detected in two of four samples and the average

detected concentration did not exceed two times

the average background concentration . As

result, it is unlikely that adverse effects to

earthwormsor soilmicrobes would occur as a

result of exposure to mercury, manganese,

acetone, or thallium in exposed sediments that

become surface soils .

conducive to growth and propagation ofplants

exist regardless of the presence of contaminants

(Wike et al. 1994 ). Therefore, it is unlikely that

terrestrial plants would experience adverse

effects as a result of exposure to mercury or

acetone in surface soils (exposed sediments ).

Modeling ofMercury in the Foodchain

Terrestrial Plants

Ofall of the contaminants detected in Par Pond

sediments that could eventually become surface

soils,mercury had a maximum concentration in

excess of two times the average background

concentration and the plant screening level, but

its HQ value ( 1.6 ) was rather low . The

maximum concentration of thallium exceeded

the screening level. Yetthis appears to be due

in large part to the conservatism inherent in the

screening level. Specifically, the average

background concentration of thallium was three

times the screening level. Similar to benthos

and soil invertebrates, it is unlikely that

terrestrial plants would be exposed to the

maximum concentration ofmercury or thallium

in sediments. The average concentrations of

mercury and thallium were less than two times

the average background concentrations and the

terrestrial plant screening levels. Again , the

relatively large number of samples analyzed for

mercury in Par Pond sediments (n = 149)

increases the confidence in use of the average

concentration .

For themodelingofmercury in the foodchain ,

HI values for the cottontail indicated that risks

were insignificant. This was the case for both

the maximum and averagemercury

concentrations in plants and soil. Paller and

Wike (1996a) collected cotton rats along the

shore of Par Pond during drawdown in 1995 and

analyzed them for selected radiologicaland

non -radiological contaminants . Mercury was

detected in 37 percentof the cotton rat samples

(n = 29) and themaximum whole body

concentration was 0.03 mg/kg. Based on a

review of the literature on the effects ofmercury

on wildlife , Thompson (1996 ) suggested a

mercury concentration of approximately 30

mg/kg wet weight in the liver or kidney as lethal

orat least harmfulto wild mammals. Note that

the mercury concentrations in cotton rats were

generally below soil levels, indicating little or

no bioconcentration of this metal.

Acetone was conservatively retained as a

terrestrial plant COC since no suitable screening

levelwas available . Although this organic is

not naturally occurring in sediments, the

maximum detected concentration only slightly

exceeded the average concentration in

background samples, and the average

concentration in Par Pond was less than the

average concentration in background. Organics

are also not transferred from soil to plant tissue

to the degree that inorganics are. Also ,wetland

and semi-aquatic plants aggressively invaded

newly created wetland soils during the recent

drawdown,suggesting that conditions

Cadmium and lead were also detected in cotton

rat samples atmaximum whole body

concentrationsof0.765 and 2.5mg/kg,

respectively , and average concentrations of0.19

and 2.19 for cadmium and lead , respectively. In

a systematic study ofbackground lead levels in

soft tissues of smallmammalsMa (1996 )

concluded that on sandy soils average kidney

concentrations of lead are 0.11 to 0.44 mg/kg in

mice and voles and 3.8 to 5.5 mg/kg for shrews.

Whole-body background levels would

undoubtedly bemuch higher, especially since

most lead is sequestered in the bones; certainly

higher than themaximum and average detected

concentrations in Par Pond cotton rats.

Cooke and Johnson (1996) suggest a 100 mg/kg

kidney cadmium concentration as a critical

concentration in wild mammals. Themaximum

B -33



mammals, and road kills (Stalmaster 1987),and

on road kills (Mayer , Hoppe, andKennamer

DOE/EIS- 0268

detected whole body concentrations ofcadmium 100 percent of fish contain the maximum

in Par Pond cotton rats wasmuch lower than detected concentration ofmercury

this critical concentration. For these reasons, it

is likely that arsenic, cadmium , and mercury
It is highly unlikely that these assumptionsare

would most likely pose little or no potential risk indicative of actual field conditions. Par Pond

to smallmammals whomay inhabit the shores was assumed to equal the homerange of the

of Par Pond as the lake level fluctuates or eagle . Par Pond is approximately 1,012 hectare

decreases.
in size. Although the homerange of thebald

eagle can vary greatly and is dependenton a

Asmentioned earlier,modeling ofmercury in number of factors, EPA (1993) has presented a

the foodchain was undertaken in this ERA for typical homerange for the eagle of 1,830

severalreasons. Most importantly , the
hectares ( 18.3 squarekilometers). Using the

modelingwas performed due to the presence of alternative homerange and the other

detectable levels ofmercury in Par Pond and L conservative assumptions, HI values of 5.3 and

Lake fish that are prey for piscivorous receptors. 1.1 are generated for themaximum and average

In particular, they are prey for birds such as the exposure scenarios , respectively .

bald eagle and wood stork . Mercury

concentrations in fish in several Par Pond
The fact that individual bald eagles are present

studies exceeded the mercury value in fish that on SRS for only a portion of the year, generally

has been proposed as protective ofpiscivorous late fall/early winter to late spring (Sprunt and

birds of0.1mg/kg (Eisler 1987). However, this Chamberlain 1970), also reduces the potential

value is a generalized concentration that is not risks associated with exposure to mercury from

species-specific for toxicity . It also does not
Par Pond. If the bald eagle's time on SRS is

take into account species- specific differences in taken into account (an average of ninemonths

behavior and physiology that influence the of the year, or 75 percent of the year; Wike etal.

amountof contaminate
d fish a speciesmay

1994 ), the HIvalues decrease to 3.9 and 0.8 for

consume and amount of mercury they absorb . the maximum and average scenarios,

As such, the value of 0.1mg/kg should be respectively.

viewed only as an initial screening

concentration . Therefore, again , due to
Also, 100 percent absorption in the gut is highly

exceedances of this value in Par Pond (and L
unlikely. As little as 24 percent of ingested

Lake) fish,modeling was performed which
metalsmay be absorbed into the gut (Freeman

incorporated site- specific parameters and
et al. 1993). Absorption of mercury in the gutis

species -specific toxicity data .
dependent on the amount of methylmercury

ingested , which ismore toxic and is absorbed

For the modeling of potential risks to the bald
more readily than elemental mercury (Klaassen,

eagle, the HI value for the average and Amdur, and Doull 1986 ). Methylmercury

maximum mercury concentration in Par Pond generally comprises up to 95 percentof total

fish indicated potential risks. However, this mercury found in fish (Wiener and Spry 1996 ),

value was calculated using several conserva
tive

but the actual amount of ingestedmercury

assumptions, including the following: absorbed is likely to be less than 95 percentof

totalmercury. Itwas also assumed that the bald

100 percent absorption of mercury in the gut eagle fed exclusively on Par Pond fish. Bald

100 percent of food as Par Pond fish
eagles are opportunist

ic
feeders known to eata

home
range = Par Pond

variety offoods, including birds, small

exposure to themaxim
um concentrati

on birds on SRS have been observed foraging not

detected in fish only on fish but on coots (Hart etal.1986)and
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1986 ). Asa result, it is unlikely that bald eagles

would feed exclusively on Par Pond fish or

exclusively on any forage from Par Pond.

Also, it is unlikely that the eagle would be

exposed to themaximum detected

concentrations ofmercury in fish . Statistically

it ismore likely that they would be exposed to

the average concentration which again yielded a

Hi less than 1. Since the average concentration

scenario HI valuewasless than 1.0 when using

only a few of themore realistic parameters, it is

unlikely thatmercury in Par Pond fish pose a

significant potentialrisk to the bald eagle.

above,which was based on sublethal effects,

indicated that adverse, chronic effects are

unlikely . Most importantly , bald eagles

occupying the nestnear Par Pond have

successfully reproduced in recent years (Hart et

al. 1996 ). Hart et al. (1996 ) suggested that the

successful reproduction of eagleson SRS

indicates that if sublethal effects on eagles are

occurring,they are not substantially affecting

reproduction .

It should also be noted that for this ERA, the

most conservative TRV available from all avian

laboratory toxicity studies formercury was

used. Other studies in the literature present less

conservative toxicity data for avian species

exposure to mercury. To illustrate , ORNL

(1996 ) presented an LOAEL of0.9 mg/kg/day

for the Japanese quail. Using themetabolic

scaling factor for the eagle, a final TRV of 0.29

mg/kg/day is calculated. If this TRV is used in

themodel, HI values of 1.32 and 0.28 are

generated for themaximum and average

concentration exposure scenarios, respectively.

Taking the realistic home range described above

into account for the maximum concentration

scenario, an HI value of 0.73 is obtained,

indicating insignificant potential risks. It should

be noted that for the inclusion of the more

realistic homerange , it was assumed that

concentrations of mercury in forage from other

areas on SRSwere lower than at Par Pond .

HI values for the wood stork were 1.5 for the

maximum concentration scenario and 0.58 for

the average exposure scenario . For the average

concentration, this indicates that if this species

forages on Par Pond fish , potential risks from

exposure to mercury would be insignificant.

The HI value for themaximum scenario

indicates potentialrisks. However, calculations

were also performed with several conservative

assumptions. Ifmore realistic values had been

used for these parameters, the HI values would

have been much lower. For example, as

mentioned earlier , thewood stork is found on

SRS for an average ofeightmonthsof the year

(66 percent of the year; LeMaster 1996 ). If this

value is used in the equations to calculate

potential risks for themaximum concentration

scenario , the HI value drops to 0.99 . Also, it is

much more likely that thewood stork would be

exposed to the average concentration of mercury

in small fish ; the average concentration HIis

approximately 39 percentof themaximum

concentration HI. Taking this into account, the

maximum HI value of 0.99 decreases to 0.39.

Wood storkshave not been observed feeding on

Par Pond in many years (LeMaster 1996 ), but if

they were to forage on the impoundment, it

appears that potential risks from exposure to

mercury would be low .

In addition to the modeling discussed above, a

study on the potential effects ofmercury and

cesium - 137 on bald eagles on Par Pond and L

Lake was recently conducted (Hart et al. 1996).

The study compared the levels ofmercury in

largemouth bass with doses ofmercury known

to cause toxic effects in laboratory studies. The

study concluded that the consumption of

mercury-contaminated fish would not result in

toxic effects on bald eagles, although it

conceded that sublethal effects may be possible.

Yet the foodchain modeling study discussed

Also , if the less conservative toxicity study data

mentioned in the bald eagle discussion

considered, a final TRV for the wood stork of

0.40 mg/kg/day is obtained . When this value is

used in themodel calculations, HI values of

0.19 and 0.07 are generated for themaximum

and average concentration exposure scenarios,
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observed reproductive effects on loons(Gavia

mg/kg. Concentrations ofmercury in smallfish

in Par Pond and L -Lake of the size preferred by

Scheuhammer and Blancher (1994) determined

DOE/EIS -0268

respectively . These would also indicate concentrations (liver, kidney, blood, brain) in

insignificant potential risks to the wood stork . excess of 1.1mg/kg can be considered to be

presumptive evidence of an environmental

Par Pond Fish Community mercury problem . Also , the value of 1.1mg/kg

presented by Eisler (although tissue specific )is

Several studies have been conducted to evaluate approximately twice the average whole body

the concentration ofmercury in Par Pond fish concentration ofmercury detected in Par Pond

with respect to adverse effects on the fish bass (0.673mg/kg; Paller and Wike 1996b).

community. Paller and Wike ( 1996b) reported Themaximum concentrations in chubsucker,

maximum concentrationsof 3.18 mg/kg of bluegill, andmosquitofish aremuch lowerthan

mercury in Par Pond bass, 0.216 mg/kg in lake Eisler's value. From these values, it is evident

chubsucker, and 0.203mg/kg in bluegill. that little overlap exists between the

Newman andMessier (1994) investigated concentrations of mercury detected in Par Pond

mercury bioaccumulation in mosquitofish on fish and the concentrations ofmercury known to

SRS. The maximum detected concentration in cause toxic effects in fish . Hence, it is unlikely

Par Pondmosquitofish was 0.02mg/kg. As part thatmercury poses potential risks to fishes that

ofthe Savannah River Ecology Laboratory
inhabit Par Pond.

Wood Stork Program mentioned earlier, several

species of fish were collected and analyzed for It should be noted that the average
concentration

mercury . A maximum concentration among all of mercury detected in Par Pond bass (and

fish of 0.42 was detected in a warmouth (Bryan , L -Lake bass) is comparable to or lower than the

Brisbin , and Jagoe 1997). In mercury-sensitive average concentration detected in bass from

species such as walleye, brain tissue

concentrations of 3 mg/kg or greater probably

many streams, reservoirs, and rivers in South

Carolina (Younginer 1997). Table B - 15

indicate toxic effects (Wiener and Spry 1996 ). presents the average concentration ofmercury

Formuscle tissue, field studies indicated that in largemouth bass in a number of South

residues of6 to 20mg/kg are associated with Carolina waterbodieswhere concentrations are

toxicity , and in the laboratory ranges are similar,

with muscle residues of 5 to 8mg/kg in

comparable to or higherthan those in Par Pond

bass .

walleyes and 10 to 20mg/kg in salmonids

causing sublethal.effects or death (Wiener and These data suggest thatbald eaglesthat forage

Spry 1996 ). on Par Pond or L -Lake largemouth bass are

All of these toxic concentrations are higher than

generally exposed to lower levels ofmercury

the concentration
s
observed in Par Pond fish ,

than eagles that forage on other rivers and

reservoirs in the Coastal Plain of South

with the exception of themaximum value

detected in bass in Par Pond. However , it

Carolina. As such, potential risks from mercury

should be noted that the Par Pond values are

exposure appear to be lower for this species if

whole body concentrati
ons

, whereas the toxic

they forage on SRS reservoirs than if they

concentrati
ons

mentioned above are organ

forage on other Coastal Plain Waterbodies.

specific. Wiener and Spry (1996 ) indicate that

whole body concentration
s
associated with

Moreover, Scheuhammer, and Blancher(1994)

sublethal or lethal toxic effects are about 5

mg/kg for brook trout and 10mg/kg for rainbow

immer)when mercury concentrationsin prey,

trout. These same authors suggest a NOAEL of

generally small fish , averaged less than 0.3

3 mg/kgwhole body for brook trout. EPA

(1985) suggested a criterion of 5.0 mg/kg whole

body as protective of brook trout. Eisler (1987)

the wood stork averaged greater than 0.3mgkg

has suggested that individual tissue

(Bryan, Brisbin , and Jagoe 1997). Also,

B - 36



DOE/EIS -0268

Table B - 15 . Average concentrations of

mercury in largemouth bass in selected South

Carolina lakes and rivers.

Concentration

Waterbody
(mg/kg)

Par Ponda 0.673

L -Lakeb 0.425

Black River 2.01

Combahee River 1.61

Edisto River 1.84

Flat Rock Pond 0.72

Great Pee Dee River 1.28

IntracoastalWaterway 1.34

LakeMarion 0.37

Langley Pond 1.65

Little Pee Dee River 2.33

Lyches River 1.52

North Fork Edisto River 1.41

Pocotaligo River 1.63

Savannah River (Beech Island area) 0.75

South Fork Edisto River 2.18

Webb Wildlife Center 1.24

Vaucluse Pond 0.92

Waccamaw River 1.63

Windsor Lake 0.47

tables above pertain to totalmercury. It is

widely known that methylmercury is themore

toxic form of thismetal. Also , toxic effects of

methylmercury on more critical life stages,

such as eggs and embryos, are themost likely

manifestations ofmercury in the aquatic

environment. In fact, Wiener and Spry (1996 )

concluded that the primary effect of elevated

methylmercury on fish populations is reduced

reproductive success resulting from toxicity of

maternally derived mercury to embryonic and

larval stages. However, if it is assumed that the

ratios ofmethylmercury in the laboratory study

fish are comparable to the levels ofmethyl

mercury in Par Pond fish, there is still little

overlap in toxic and observed concentrations.

Also , the speciesmost sensitive to mercury ,

such as walleye and trout,were used in the

toxicity studies cited above . Most importantly ,

despite the presence of contaminants, Par Pond

supports a diverse, self-sustaining, and

relatively stable fish community that is similar

to those found in other southeastern reservoirs

(Paller and Wike 1996b ).

B.2.2 RADIOLOGICAL CONTAMINANTS

a .
As reported by Paller and Wike (1996b ).

b . As reported by Paller (1996 ).

Risk Characterization - Results and

Discussion

that up to 30 percent of the lakes in Ontario with

fish small enough for loons to forage on had

mercury concentrations in fish greater than 0.3

mg/kg, although mercury concentrations were

pH dependent.

In Par Pond, only cesium - 137 and cobalt-60

exceeded the initial screening level of two times

the reference background concentration.

Radiation doses for each pathway and each

receptor species for these COCs for fish are

presented in Table B - 16 . Radiation doses for

avian species are presented in Table B -17.

The EPA National Study of Chemical Residues

in Fish (EPA 1992) presents data on mercury

concentrations in several fish species collected

from 1986-1989 at 374 locations (a mix of sites

known to be contaminated and background

sites). More than 60 percentofthewaterbodies

contained fish tissue with concentrations greater

than 0.1mg/kg (Eisler's value for protection of

avian piscivores ).

These radiation dose values ( a maximum of 360

millirad per year for fish and 2,517 millirad a

year for avian species) are well below the

365,000 millirad per year (1.0 rad per day) DOE

limit for aquatic organismsor the 36,500

mrad/ yr (0.1 rad per day) limit for terrestrial

organisms. Therefore, the potential ecological

risks from radiological contaminants in Par

Pondmedia can be considered to be very small.

It should be noted that all of themercury

concentrations in fish discussed in the textand
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Table B - 16 . Radiation dose to fish in Par Pond (in millirad per year).

Dose from Submersion Dose from Ingestion Dose from Sediment Total dose

Receptor
Cs- 137 Co-60 Cs- 137 Co-60 Cs- 137 C0-60 (mrad/yt)

Maximum Concentrations

Minnow 0.05 0.0 10.4 0.0 204.7 5.6 221

0.05Largemouth Bass
149 0.0 204.7 360

Average Concentrations

Minnow 0.03 0.0 7.1 39.3 0.7 47.2

Largemouth Bass 0.03 0.0 101 0.0 39.3 141

Table B -17. Radiation dose to avian species from consumption of fish from Par Pond.

Dose from food source

Food consumption (millirad per year )
Total dose

Receptor Rate (kg/yr) Cs- 137 Co-60 (millirad per year)

Maximum Concentrations

Osprey 122 2,517 0.0 2,517

Greatblue heron 146 221 0.0 221

Bald Eagle 197 1,962 0.0 1,962

Wood Stork
146 205 0.0

205

Average Concentrations

Osprey 122 1,708 0.0
1,708

Great blue heron
146 150 0.0

150

Bald Eagle 197 1,331 0.0

Wood Stork
146 139 0.0

139

In addition , another study ofcontaminan
ts

in Par Pond, cesium - 137, is notpresent in

Par Pond sediments, Paller and Wike (1996a), concentration
s likely to produce deleterious

examined the potential ecological effects to effects on terrestrial organismsthat may utilize

smallmammals (using the cotton rat as a the sediments when they are exposed by lower

representative receptor ). This study concluded water levels .

that the principal radiological contaminant in

B.3 L -LAKE

Themajor elements of preliminary problem

formulation , ecological effects assessment, and

characteriz
ation

results and discussion and the

exposure assessment for the L -Lake ERA are

section .

discussed in Section B.1 . Hence, only the risk

1,331
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B.3.1 Non -radiologicalContaminants

Risk Characterization - Results times average background and no suitable

screening level was available.

The results of the risk characterization step for

each aspect of the L -Lake assessment are

presented below .

Terrestrial Plants

Sediments

Themaximum concentrations of several

inorganics exceeded two times the average

background concentrations and screening levels

(Table B -22). These include aluminum , arsenic ,

chromium , lead , manganese,mercury, selenium ,

thallium , vanadium , and zinc. Using average

concentrations, chromium , thallium , and

vanadium exceeded two times background and

screening levels (Table B -23).

Mercury Modeling in the Foodchain

Severalof the inorganics detected in L -Lake

sediments were present in maximum

concentrations that exceeded two times the

average background concentration and their

sediment screening level (Table B - 18). These

include arsenic , chromium , copper, lead ,

manganese,mercury, nickel, and zinc. In

addition , aluminum , beryllium , barium , cobalt,

thallium , and vanadium were conservatively

retained as COCs since their maximum

concentrations exceeded background and no

suitable sediment screening levels were

available . Using the average detected

concentrations, no inorganics exceeded two

times theaverage background concentration and

the screening level (Table B -19). Beryllium ,

cobalt, thallium ,and vanadium were

conservatively retained as COCs since their

average concentrations exceeded two times the

average background concentration andno

suitable screening levelswere available.

For the bald eagle,HI values of 3.21 and 1.28

were calculated for themaximum and average

exposure scenarios, respectively (Table B -14).

The cottontail rabbit had HI values of 0.26 for

themaximum scenario and 0.05 for the average

scenario ( Table B -14 ). For thewood stork , a HI

of 0.81 was calculated for themaximum

exposure scenario and a value of 0.29 was

generated for the average scenario (Table B -14).

Risk Characterization - Discussion

Surface Soil

To begin with , due to the general absence of

COCs with similar modes ofaction , the

calculation of HI values for sediments, surface

soils, or terrestrial plants was not applicable.

Sediments

Using themaximum detected concentrations,

aluminum , arsenic, chromium ,manganese ,

mercury, and vanadium exceeded two times the

average background concentration and their soil

screening levels (Table B -20). Beryllium and

thallium were conservatively retained as COCs

since they exceeded two times average

background and no suitable screening levelwas

available. The average concentrationsof

chromium and vanadium exceeded two times

the average background concentrations and their

screening levels (Table B -21). Beryllium and

thallium were conservatively retained as COCs

since their average concentrations exceeded two

The maximum detected concentrations of

several metals exceeded sediment screening

levels. However ,most of these exceedances

were low . The HQ value for arsenic (8.49) was

slightly elevated, but arsenic was detected in

only aboutone- fourth of the samples. It is

unlikely that benthic invertebrates willbe

exposed to the maximum detected

concentrations of all contaminants, including

arsenic. Statistically they are likely to be

exposed to the average concentrations. Yet, no
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In the late 1980s, over 40 species ofwetland

L - Lake (Kroeger 1990 ). The establishment of

sediment contaminants were present in average

concentrations that exceeded screening levels .

Somemetals (aluminum , barium , beryllium ,

selenium , and vanadium ) had maximum

concentrations that exceeded two times average

background but could not be quantitatively

assessed since no suitable sediment screening

levelswere available. Under the average

concentration scenario , beryllium , cobalt,

thallium and vanadium exceeded two times the

averagebackground but could notbe

quantitatively assessed due to the absence of

screening levels. Of these inorganics, selenium

and thallium were detected in only 3 and 5 of 44

samples,respectively . Also , the average

concentrations ofaluminum and cobalt either

did notexceed two times the average

background concentrations or were present in

concentrations that did not greatly exceed

background. The average concentration of

vanadium , however , significantly exceeded the

average background concentration .

Nonetheless, vanadium is ubiquitous in the

environment (Klaassen , Amdur, and Doull

1986 ), and is not believed to be highly toxic in

the environment (Mailman 1980 ). Thus, itmay

benaturally elevated. For these reasons,

although maximum concentrations of some

inorganics exceed conservative screening levels,

potential impacts to benthic receptors from

inorganics in sediments appear to be unlikely .

part to the conservative nature of the screening

level. The average concentration of chromium

in background is more than 16 times the

screening level 0.4 mg/kg. Also note thatthe

average detected concentration of thisinorganic

in L -Lake is barely twice the average

background concentration. Under the average

scenario , beryllium and thallium were

conservatively retained as COCssince they

exceeded two times the average background

concentration and no suitable soil screening

levels were available . Thallium was only

detected in 5 of44 samples. Beryllium had a

high frequency of detection, but its average

detected concentration only slightly exceede

two times its average background concentration.

Additionally, beryllium toxicosis is generally

associated with human exposure to airborne

forms (Klaassen , Amdur, and Doull 1986).

Beryllium is known to decrease fidelity of DNA

synthesis, but hasnot been shown to cause

genetic effects to bacterial systems,whichmay

be present in exposed sedimentsthat become

surface soils .

Terrestrial Plants

Surface Soils

For potentialrisks to soil invertebrates from

inorganics in L -Lake sediments that could

become exposed,mostHQ values were

relatively low ,with the exception of aluminum ,

chromium , and manganese ,which were

significantly elevated. Despite the high HQ

values for these contaminants under the

maximum scenario , the average concentrations

of aluminum and manganese,which most likely

represent realistic exposure concentrations, did

not exceed two times the average background

concentration. TheHQ value for chromium is

still in significant excess of its screening level.

Yetthe elevated HQ appears to be due in large

Several inorganicshad maximum

concentrations in excess of two timesaverage

background and terrestrial plant screening

levels. Some HQ valueswere significantly

elevated . Under the average scenario,only

chromium , thallium and vanadium exceeded

two times background and screening levels.

Yet, thallium was only detected in 5 of 44

samples. The elevated HQ values forchromium

and vanadium appear to be due in large part to

the conservatism of the screening levels. The

average background concentrationsof

chromium , thallium ,and vanadium are over6,

9 , and 6 times the screening level for those

inorganics, respectively . Thus, potential

ecological effects to terrestrial plants if

sediments are permanently exposed appeartobe

low .

plants were transplant
ed

from Par Pond to
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wetland vegetation exceeded expectations

(Kroeger 1990 ). Almost all species planted in

1987 were present in 1989, and species diversity

in planted areas was comparable to Par Pond.

Also, the areal cover ofmacrophytes along

L -Lake increased markedly , from 527.51 to

1,359.9 square metersper hectare (2,299.5 to

5,927.8 square feet per acre) from 1990 to 1991

(Wike et al. 1994). L -Lake currently supports a

healthy, diverse macrophyte community,

including both herbaceous and woody plants

(Wike et al. 1994). As a result, it does not

appear that adverse effects to L -Lake plants

from contaminants are occurring or would occur

under the Proposed Action .

As described in the Par Pond bald eagle

assessment, they will also not forage on L -Lake

exclusively . They are also muchmore likely to

be exposed to the average concentration of

mercury in fish . Taking thesemitigating factors

into account, it is unlikely that eagles that forage

on L -Lake fish would experience adverse

effects. Theymay forage more extensively on

the impoundment as water levels decrease and

potentially trap fish in smaller areas, but over

time, L -Lakewould recede to the original

stream bed ,minimizing fish in the area and

subsequent foraging by bald eagles .

Modeling ofMercury in the Foodchain

Formodeling of potential risks from mercury

uptake,HI values for the cottontail were less

than 1.0 for both themaximum and average

concentrations. HI values were also less than

1.0 for the wood stork for both themaximum

and average mercury concentrations. These

values indicated negligible potentialrisks to

these receptors, andmost likely indicate

insignificant potential risks to other similar

species . HI values for these two receptors were

calculated using conservative, worst-case

assumptions. Usingmore realistic values for

the input parameters, the HIvalues would most

likely have been minuscule .

As discussed in detail earlier, a study on the

potential effects ofmercury and cesium -137 on

bald eagles on Par Pond and L -Lake was

recently conducted (Hart et al. 1996 ). The study

compared the levels ofmercury in largemouth

bass with doses ofmercury known to cause

toxic effects in laboratory studies. The study

concluded that the consumption ofmercury

contaminated fish would not result in toxic

effects on bald eagles, although it conceded that

sublethal effects may be possible. Yet, the

modeling study discussed above, which was

based on sublethal effects, indicated that

adverse, chronic effects are unlikely . Most

importantly, bald eagles on SRShave

experienced a high level of breeding success in

recent years (Hart et al. 1996 ).

L -Lake Fish Community

For the bald eagle, the HI values using the

average and maximum concentration scenarios

indicated potential risk. Using more realistic

values for the input parameters, however, the HI

values decrease significantly . For example,

using themore realistic home range for the

eagle described in Par Pond discussion , the HI

values of 3.21 and 1.28 for themaximum and

average concentration scenarios, respectively ,

drop to 0.7 and 0.3 respectively . Using time

spent on SRS during the year (75 percent), the

values decrease to 0.5 and 0.2 for the maximum

and average HIvalues, respectively. The eagles

will also not ingest 100 percent of ingested

mercury .

Several studies have been conducted to evaluate

the concentration ofmercury in L -Lake fish

with respect to adverse effects on the fish

community. Paller (1996 ) reported maximum

concentrations of 1.07mg/kgofmercury in

L -Lake largemouth bass , 0.142mg/kg in

bluegill, and 0.107mg/kg in redbreast sunfish .

As part of the Savannah River Ecology

Laboratory Wood Stork Program mentioned

earlier, several species of fish were collected

and analyzed for mercury . A maximum

concentration among all fish of 0.22 was

detected in a redbreast sunfish (Bryan , Brisbin ,
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and Jagoe 1997). A detailed discussion of the

effects ofmercury on fish is presented in Par

Pond fish discussion. In short, the maximum

detected concentration in L -Lakebass, and all

other fish analyzed, is below the lowest toxic

effect levels and suggested criteria available .

Hence , it is unlikely thatmercury poses

potentialrisks to fishes in L -Lake. Also, the

average concentration ofmercury in L -Lake

largemouth bass (Paller 1996 ) were comparable

or lower to the average concentrations in fish in

many other South Carolina waterbodies (see

Table B - 15 ). Most importantly, Paller (1996)

has observed that at least 19 speciesof fish are

present in the L -Lake fish community which are

all common to other southeastern reservoirs,and

most or all of these species are successfully

reproducing andmaintaining self-sustaining

populations in the impoundment.

B.3.2 Radiological Contaminants

Risk Characterization - Results

millirad per year

In L -Lake, likePar Pond, only cesium -137 and

cobalt-60 exceeded the initial screening level of

two times the reference background

concentration . Radiation doses for each

pathway and each receptor species for these

COCsfor fish are presented in Table B -24 .

Radiation doses for avian species are presented

in Table B -25. Note that only radiation doses

based on mean concentrations are reported for

avian speciesbecause only mean concentrations

were available for L -Lake surface water.

These radiation dose values (amaximum of 274

for fish and 1,045 millirad per

year for avian species) are well below the

365,000 millirad per year (1.0 rad per day) DOE

limit for aquatic organismsor the 36,500

millirad per year (0.1 rad per day) limit for

terrestrial organisms. Therefore, the ecological

risk from radiological contaminants can be

considered to be low .

Total
Dose from Sediment

Cs- 137 Co-60
Dose

Table B -24. Radiation dose to fish in L -Lake (millirad per year).

Dose from

Submersion Dose from Ingestion

Receptor Cs- 137 Co-60 Cs- 137 C0-60

Maximum Concentrations

Minnow 0.02 0.04 4.3 0.3

Largemouth Bass 0.02 0.04 62 0.8

Average Concentrations

Minnow 0.02 0.04 4.3 0.3

Largemouth Bass 0.02 0.04 62 0.8

197
14

14

215

274
197

13.4

13.4

1.1

1.1

18

77

Table B- 25. Radiation doseto avian species from consumption of fish from L-Lake(millirad per year).

Food Consumption

Rate (kg/yr)

Dose from Food Source

Cs- 137 Co-60
Total Dose

1045

Receptor

Maximum Concentrations

Osprey

Great blueheron

Bald Eagle

Wood Stork

Average Concentrations

Osprey

Great blue heron

Bald Eagle

Wood Stork

122

146

197

146

1045

91.8

815

85.2

0.4

0.5

0.5

0.6

92

815

86

0.4
1045

0.5

122

146

197

146

1045

91.8

815

85.2

92

815

86
0.5

0.6
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B.4 LOWER THREE RUNS

than those detected in background samples used

for the Par Pond assessment.

Themajor elements of preliminary problem

formulation, ecological effects assessment, and

exposure assessment for the Lower Three Runs

ERA are discussed in Section B.1. Hence, only

the risk characterization results and discussion

are presented in this section .

B.4.1 NON -RADIOLOGICAL

CONTAMINANTS

Risk Characterization - Results and Discussion

The absence ofextensive non -radiological data

for Lower Three Runs adds uncertainty to the

results. However , asmentioned earlier, it is

believed that the contaminated areas in the

stream channel would remain wet under the

Proposed Action due to several factors ,

decreasing the chances that lower water levels

will expose terrestrial receptors to exposed

sediments . More importantly , only the

maximum concentration ofmercury exceeded

its sediment screening level in Par Pond; the

average concentration did not exceed the

screening level and only a few organics were

detected at low concentrations. If

concentrations of metals and organics are not

elevated in Par Pond, it is unlikely that they are

elevated downstream in Lower Three Runs.

Asmentioned in Section B.1 , non-radiological

data for Lower Three Runs sedimentwere

gathered from several sources. In a sample

collected in 1994 in Lower Three Runs, all

pesticides and herbicides were below detection

limits (WSRC 1995). In a 1995 sample , 4,4'

DDE and endrin aldehyde were detected at

concentrations of 24 and 15 ug/kg, respectively

(WSRC 1996). These detections were above the

Region 4 screening value of 3.3 ug/kg.

However, the concentration of 4,4 ’-DDE is less

than the Effects Range-Median value from Long

et al. (1995). The concentration above the

effects range -low and below the effects range

medium is the concentration in which adverse

effects may occasionally be observed. No

effects range-medium is available for endrin

aldehyde, but a Severe Effects Level (SEL )

from the Ontario Ministry of the Environment

(OME 1992) of 1.3E +05 ug/kg was obtained.

The SEL is the concentration above which

adverse effects to benthic organismsis highly

likely. Since the values for these two

compounds are below the effects range-medium

and SEL, respectively, their presence does not

appear to indicate significant potential risks to

benthic organisms. Also, as mentioned above,

they were not detected in the same location in

1994 .

Also, Newman and Messier (1994) sampled

mosquitofish in Lower Three Runs at

Patterson'sMill Bridge and analyzed them for

mercury. The highest concentration of detected

was 0.015mg/kg. This value is well below all

toxic effects levels and criteria formercury in

fish discussed in preceding sections.

B.4.2 RADIOLOGICAL

Risk Characterization - Results and

Discussion

Asmentioned in Section B.1 , radiologicaldata

for Lower Three Runs sediments are not

abundant. A 1970s study reported cesium -137

values at two sites, one 5 and one 16 miles (8

and 26 kilometers) downstream from the Par

Pond dam (Hay and Ragsdale 1978). Cesium

137 values ranged from 2.3 to 215 picocuries

per gram at the 5 -mile site, and from 4.6 to 17

picocuries per gram at the 16 -mile site. Another

study characterized the suspended particle

matter (5 to 80 micron size fraction ) ofLower

Three Runs as having 100 to 200 picocuries per

For inorganics, only aluminum ,barium , and

zincwere detected in the 1994 sample.

Inorganics were not analyzed for in the 1995

sample . All three concentrationswere lower
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doses for each pathway for fish are presented in

Table B - 26 . Radiation doses for avian species
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gram of cesium -137 (Shure andGottschalk (1991 through 1993) showed that radioactivity

1976). These concentrations are comparable to , in Lower Three Runs varied slightly as the

and somewhat lower than , the concentrations in water level and flow rate changed during

Steel Creek, as discussed in Section B.5 .
pumping, and little or no change occurred

Therefore, the potential ecologicalrisks for
between surveys in the spatial distribution orthe

Lower Three Runs, which were determined to
kinds ofradionuclide sources detected (Feimster

be negligible, should be comparable to or lower 1993). Cesium -137 was the only gamma

than that for Steel Creek .
emitter detected in these surveys and was not

significantly elevated .

In addition , a series of aerial radiation surveys

conducted over Par Pond during thedrawdown

B.5 STEEL CREEK

The major elements of preliminary problem
or low potential risks were determined for

formulation , ecological effects assessment, and L -Lake, it is unlikely that potential risks from

exposure assessment for the Steel Creek ERA inorganics are present downstream . Also,no

are discussed in Section B.1. Hence, only the known sourcesoforganic contaminants are

risk characterization results and discussion are
known to occur or have occurred in L -Lake.

presented in this section .
More importantly, organics were not detected in

recent L -Lake sediment analysis (Koch etal.

B.5.1 NON -RADIOLOGICA
L 1996 ). Therefore, it is unlikely that potential

CONTAMINANT
S risks from organics are occurring or will occur

downstream in Steel Creek .

Risk Characterization - Results and

Discussion Also,Newman and Messier ( 1994) sampled

mosquitofish in Steel Creek at the Steel Creek

All pesticides and herbicides analyzed for in the
Landing near the edge of SRS and analyzed

1994 (WSRC 1995 ) and 1995 (WSRC 1996 )

samples were below detection limits. For

them for mercury . The highest concentration of

inorganics, only aluminum , barium , and zinc

detected was 0.046 mg/kg. This value is well

below all toxic effects levels and criteria for

were detected, but were all present in

concentration
s
lower than the average

mercury in fish discussed in preceding sections,

background concentrati
ons used for the L -Lake

B.5.2 RADIOLO
GICAL CONTAMINA

NTS

assessment.

The absence of extensive non- radiolo
gicaldata

Risk Characteriza
tion - Results and

Discussion

for Steel Creek adds uncertainty to the results .

However, asmentioned earlier, it is believed
Estimated radiation doseswere calculated using

that the contaminat
ed

areas in the stream

channel will remain wet under the Proposed

the data reported in the SRS Environmen
tal

Action due to a numbe
r of factors, decre

asing

Data supplement to the 1995 SRS

the chances that lower water levels will expose

Environmenta
l Report (WSRC 1996).

terrestrial receptors to exposed contaminated

However, given the limited amountof data

sediments. Also, althou
gh somemetals

available, the results should be interpreted as

concentrati
ons

in L -Lake sediments were

slightly elevated , it did not appear likely that

they posed significant potential risks. Since no are presented in Table B -27. Only receptors
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Table B - 26 . Radiation dose to fish in Steel Creek (millirad per year).

Dose from Submersion Dose from Uptake

Receptor
Cs- 137 Co-60 Cs- 137 C0-60

Minnow 0.06 0.0 13.4 0.0

Dose from Sediment

Cs- 137 Co-60

Total

dose

1.3 2.5 17

Table B -27 . Radiation dose to avian species from consumption of fish from Steel Creek (millirad per

year ).

Food Consumption Dose from Food

Receptor Rate (kg/yr) Cs- 137 Co-60 Total dose

Great blue heron 146 284 0.0 284

historically found in or near Steel Creek were

analyzed in this section .

concentration ofcesium - 137 in fish would be

expected to increase over the concentrations

currently in L -Lake. For example, if cesium

were conservatively assumed to increase by a

factor of five, and taking into accountrunoff

from exposed contaminated sediments, Tables

B -28 and B -29 present the estimated

incrementaldose to fish and avian species,

respectively, after shutdown of the River Water

System and the associated drawdown of L -Lake.

After shutdown of the River Water System and

associated drawdown of L -Lake, exposed

contaminated sediments could become entrained

in stormwater runoff to Steel Creek (as

described in Section 4.1.8.2.2 ). In addition ,

after shutdown of the River Water System and

associated drawdown of L -Lake, it is estimated

thatthe concentration of elemental potassium in

Steel Creek water would decrease from the

current L -Lake value (approximately 1.4 mg/l

(Kretchmer and Chimney 1993)] to a value of

approximately 0.3 mg/L (Chimney et al. 1985;

duPont 1987 ), a decrease of approximately 80

percent. In the absence of potassium , aquatic

organismsmore readily take up cesium , which

is a potassium analog (cells " accept" it as

potassium because of its chemical similarity ) .

Therefore, as a result of decreased potassium

levels in Steel Creek water after drawdown, the

The estimated radiation dose values after

shutdown of the River Water System and the

associated drawdown of L -Lake (a maximum of

71millirad per year for fish and 1,425 millirad

per year for the heron ) are well below the

365,000 millirad per year ( 1.0 rad /day) DOE

limit for aquatic organismsor the 36,500

millirad per year (0.1) rad per day) limit for

terrestrial organisms. Therefore, the ecological

risk from radiological contaminants may be

considered insignificant.

Table B -28. Incremental radiation dose increase to fish in Steel Creek ( in millirad per year) after

shutdown.

Dose increment from Dose increment from

runoff potassium decrease Total dose

Receptor
Cs- 137 Co-60 Cs- 137 Co -60 increment

Minnow 5 x 10-2 3 x 10-4
54 Not 54

available
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maximum and averagemercury concentrations

were less than 1.0 , indicating insignificant risks

stork , HI values greater than 1.0 were calculated

realistic exposure parametersin the modeland

consideration , it appears the potentialrisks from

DOE/EIS -0268

Table B -29. Incremental radiation dose increase to avian species in Steel Creek (in millirad per year)

after shutdown .

Dose increment from runoff Dose increment from

potassium decrease Total dose

Receptor
Cs-137 Co -60 Cs-137 Co-60 increment

Greatblueheron 0.90 1.3 x 10-4 1,141 NA 1,141

NA = Not avaliable .

B.6 TRITIUM IN SRS SURFACE WATERS

Potential ecological effects due to the presence approximately 25 millirad per year forminnows

oftritium in SRS waters warrants special
and largemouth bass ; 92 millirad per year for

attention since tritium is of particular concern to osprey; 77millirad per year for the great blue

the public . Tritium levels are expected to
heron ; 53 millirad per year for the bald eagle;

increase from current levels under both the No and 59millirad per year for the wood stork. All

Action and Shutdown Alternatives ( see Table
of these radiation dose values are well below the

4-26). The highest current and projected
365,000 millirad per yr ( 1.0 rad per day)DOE

concentrations occur in Fourmile Branch , which limit for aquatic organismsorthe 36,500

will increase from a concentration of
millirad per year (0.1 rad per day) limit for these

approximately 227 picocuries per milliliter
organisms. Therefore , since the radiation doses

(September 1996 ) to approximately 234
for themaximum projected tritium levelare

picocuries per milliliter (under both the No
much lower than the applicable standards, the

Action and Shutdown alternatives). A
potential ecological risks from tritium can be

concentration of 234 picocuries per milliliter
considered to be negligible for all affected

would result in a radiation dose of streams.

B.7 ERA SUMMARY AND CONCLUSIONS

B.7.1 NON -RADIOLOGICAL Modeling of potential ecological risks from

A screening- level ERA was performed to assess

exposure to mercury was also performed fortwo

avian receptors, the bald eagle and wood stork,

potential ecological risks from contaminant
s

in
and one terrestrial species,the cottontail rabbit.

Par Pond, L -Lake, Lower Three Runs, and Steel Conservative exposure parameters were usedin

Creek. For themost part, the ERA focused on the modelcalculations for each receptor,and

contaminants in sediments in relation to

potential effects of the Proposed Action. The

results ofcontaminant screening against

were used in applicable media considered in the

ecologica
l
screening levels indicated that only a

model. All HI values for the cottontail rabbit

few maximum concentrati
ons

, and fewer

average concentrati
ons

had ,HQ values greater

than 1. Howeve
r
, these spotty exceedance

s

were not shown to pose significant potential

for some specific exposure scenarios at Par

ecologica
l
risks to aquatic receptors, benthi

c

Pond and L -Lake. However,usingmore

receptors, terrestrial invertebrates, or terrestrial

plants .

taking several qualitative factors into

to this receptor. For the bald eagle and wood
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mercury to the bald eagle and wood stork are

low . Also , the results of several other

ecological studies were assessed qualitatively in

the ERA . The results of these studies also

supported the assessment of low to negligible

risk for a variety ofecological receptors under

the Proposed Action .

Runs, and Steel Creek. Contaminant screening

against ecological screening levels (background

concentrations) and the comparison of estimated

radiation dose rates to applicable standards

indicate that for the two radionuclides that

exceed two times the background level (cesium

137 and cobalt -60), the estimated radiation dose

rates to selected receptor species are well below

the applicable standards.For these reasons, the assessmentendpoints for

the ERA, which were the maintenance of

aquatic and terrestrial receptor populations, do

not appear to be compromised . Therefore, it is

unlikely that significantpotential risks from

non -radiological contaminants will occur in Par

Pond, L -Lake, Lower Three Runs, or Steel

Creek as a result of the Proposed Action .

For this reason , the assessmentendpoints for the

ERA,which were themaintenance of aquatic

and terrestrialreceptor populations, do not

appear to be compromised. Therefore , it is

unlikely that significant potential risks from

radiological contaminants will occur in Par

Pond, L -Lake, Lower Three Runs, or Steel

Creek as a result of the Proposed Action .
B.7.2 RADIOLOGICAL

A screening-level ERA was performed to assess

potential ecological risks from radiological

contaminants in Par Pond, L -Lake, Lower Three

B -53



DOE /EIS -0268

Aiken, South Carolina, “ Containing Summarized Data for Sediment Contaminants in L -Lake," SRT

Eisler,R., 1987,Mercury Hazards to Fish , Wildlife, and Invertebrates: A Synoptic Review , Biological

B.8 References

ATSDR (Agency for Toxic Substances and Disease Registry), 1992, Toxicological Profile for Barium

and Compounds, PB93-110658, Atlanta, Georgia .

Baes III, C. F., R. D. Sharp , A. L.Sjoreen , and R. W.Shor, 1984, A Review and Analysis ofParameters

for Assessing Transport of Environmentally Released Radionuclides through Agriculture,

ORNL-5786, Health and Safety Research Division.

Baker, D.A. and J. K. Soldat, 1992, Methods for Estimating Doses to Organisms from Radioactive

Materials Released into the Aquatic Environment, Pacific Northwest Laboratory, Richland,

Washington.

Barnthouse ,L.W., G.W.Suter, S.M.Bartell, J. J. Beauchamp, R. H.Gardner, E.Linder, R. V. O'Neill,

and A. E. Rosen , 1986, User's Manualfor Ecological Risk Assessment, No. 2679, Environmental

Sciences Division ,Oak Ridge National Laboratory , Oak Ridge, Tennessee .

Brisbin , I.L., Jr.,R.J. Beyers, R.W.Dapson,R.A.Geiger, J. B.Gentry, J. W.Gibbons,M.H.Smith,

and S.K.Woods, 1974, “ Patternsof radiocesium in the sediments of a stream channel contaminated

by production reactor effluents,” Health Physics, 27, pp. 19-27.

Bryan, Jr.,A.L., I.L. Brisbin , and C. H. Jagoe, 1997, The Savannah River Ecology Laboratory Wood

Stork Program Annual Report: 1996, Ecological Toxicology,Remediation ,and Risk Assessment

Group, Savannah River Ecology Laboratory, Aiken, South Carolina.

Calabrese, E. J.and L.A. Baldwin, 1993 ,Performing Ecological Risk Assessments,Lewis Publishers,

Chelsea, Michigan.

Chimney,M.J., W.R.Cody, and W.M.Starkel, 1985, Final Report on the Water Quality,

Phytoplankton, and Zooplankton ofPar Pond and Pond B: January 1984 - June 1985, VolumesI,1,

III, DPST-85-789,by Environmental and Chemical Sciences, Inc., for Savannah River Laboratory,

E. I. du Pont de Nemours and Company, Aiken, South Carolina.

Cooke, J. A. and M.S. Johnson, 1996,Environmental Contaminants in Wildlife: Interpreting Tissue

Concentrations, Lewis Publishers, pp. 377-388.

Cothran, E.G.,M.H. Smith, J. O.Wolff, and J. B. Gentry, 1991,Mammals ofthe Savannah RiverSile,

SRO -NERP-21, Savannah River Ecology Laboratory , Aiken , South Carolina .

Dunn, D. L.,J. B.Gladden,and F. D.Martin, 1996, Distribution of Radionuclides and TraceMetals in

L-Lake Sediments, Phase 1,WSRC-TR- 96-0263,Westinghouse Savannah River Company,Aiken

South Carolina, October.

Dunn,D.L. and F.D.Martin, 1997, interofficememorandum toK.T.Cubbage, Halliburton NUS,

EȘT-97-168,Savannah River Technology Center,Aiken, South Carolina, February 21.

Report85(1.10),U.S.Fish and Wildlife Service , Laurel,Maryland.

B -54



DOE/EIS -0268

EPA (U.S. EnvironmentalProtection Agency), 1985, AmbientWater Quality Criteria for Mercury -

1984, EPA 440-5-84-026, Environmental Protection Agency, Washington , Districtof Columbia .

EPA (U.S. Environmental Protection Agency), 1992, National Studies of Chemical Residues in Fish :

Volume 1, Office of Science and Technology, EPA 823-R -92-008a, Washington,District of

Columbia .

EPA (U.S. Environmental Protection Agency), 1993, Wildlife Exposure Factors Handbook, VolumeI of

II, EPA/600/R -93/ 187a, Office of Research and Development, Washington,District of Columbia.

EPA (U.S. Environmental Protection Agency), 1994, Region III Interim Ecological Risk Assessment

Guidance, Philadelphia, Pennsylvania, 19107-4431.

EPA (U.S. Environmental Protection Agency), 1995a, SupplementalGuidance to RAGS: Region 4

Bulletins, EcologicalRisk Assessment,Waste Management Division , Atlanta , Georgia.

EPA (U.S. Environmental Protection Agency), 1995b, Revised Region IIIBTAG Screening Levels,

EPA-Region III, Philadelphia , Pennsylvania .

EPA (U.S. Environmental Protection Agency), 1996a, Ecological Risk Assessment for Superfund :

Process for Designing and Conducting Ecological Risk Assessments, Review Draft, EPA , Edition,

New Jersey.

EPA (U.S. Environmental Protection Agency ), 1996b, Framework for Ecological Risk Assessment,

Review Draft, Risk Assessment Forum , EPA ,Washington, District of Columbia .

EPA (U.S.EnvironmentalProtection Agency), 1996c, ECO Update ,Office of Emergency and Remedial

Response, Vol. 3, No. 2, EPA 540/F -957038 .

Feimster, E. L., 1993, Comparison ofFour AerialRadiological Surveys ofPar Pond and the

Surrounding Area, EGG 11265-109, UC-702 , Savannah River Site, Aiken , South Carolina,

September .

Freeman ,G. B., J. D. Johnson , J. M.Killinger, S. C. Liao, A. O. Davis,M.V. Ruby, R.L.Chaney,

S. C. Lover, and P. D. Bergstrom , 1993, “ Bioavailability of arsenic in soil impacted by smelter

activities following oral administration in rabbits," Fundamentals of Applied Toxicology, 21:83, in

Bioavailability in EnvironmentalRisk Assessment.

Hart, E. B., J. B.Gladden, J. J.Mayer, and K.K. Patterson, 1996 , Effects of Fluctuating Water Levels on

Bald Eagles at Par Pond and L -Lake, Savannah River Site (U ),WSRC -TR -95-0396 , Rev. 1,

Westinghouse Savannah River Company, Aiken , South Carolina.

Hay, J. D. and H. L.Ragsdale, 1978,“ Patterns of Cesium -137 Distribution Across Two Disparate

Floodplains," in D. C. Adriano and I. L. Brisbin , Jr. (editors), EnvironmentalChemistry and Cycling

Processes, U.S.Department of Energy , Symp. Series CONF-760429, Washington, Districtof

Columbia , pp.462-468.

IAEA (International Atomic Energy Agency), 1992, Effects oflonizing Radiation on Plants and Animals

at Levels Implied by Current Radiation Protection Standards, International Atomic Energy Agency,

Vienna, Austria.

1

B -55



OME (Ontario Ministry of the Environment), 1992, Guidelines
for the Protection

andManagement
of

DOE /EIS -0268

Jorgensen
, S. E., S. N.Nielsen , and L.A. Jorgensen

, 1991, Handbook
ofEcological

Parameters
and

Ecotoxicology ,New York : Elsevier Publishing Company.

Klaassen, C.D.,M.O. Amdur, and J. Doull, eds, 1986 , Casarett and Doull's Toxicology: The Basic

Science ofPoisons, Third Edition ,Macmillan Publishing Company, New York, New York.

Koch II, J. W., F. D.Martin , and G. P. Friday, 1996 , Results of Submerged SedimentCore Sampling and

Analysis on Par Pond, Pond C , and L -Lake : July 1995 (U ) , DraftWSRC -TR -96-0238,

Westinghouse Savannah River Company, Savannah River Site, Aiken , South Carolina, June.

Kretchmer, D.W.andM.J. Chimney, 1993, L-Lake Water Quality: L -Lake/Steel Creek Biological

Monitoring Program November 1985 - December 1992, NAI-SR -150,Normandeau Associates,Inc.,

New Ellenton, South Carolina, April.

Kroeger, S.R., 1990,Wetland Vegetation Establishment in L -Lake, SREL-39 ; UC-66e, Savannah River

Ecology Laboratory , Aiken, South Carolina, July.

LeMaster, E.T., 1996 , Biological Assessment - Shutdown of the River Water System at the Savannah

River Site , U.S. Department ofAgriculture, Forest Service, Savannah River Forest Station, Aiken ,

South Carolina, August.

Long, E. R. and L.G.Morgan, 1990 , The Potentialfor Biological Effects of Sediment-Sorbed

Contaminants Tested in the National Status and Trends Program , NOAA (National Oceanographic

and Atmospheric Administration ) TechnicalMemorandum NOS OMA 52 .

Long, E. R., D.D.MacDonald, S. L.Smith ,and F. D. Calder, 1995, “ Incidence of Adverse Biological

Effects Within Ranges of Chemical Concentrations in Marine and Estuarine Sediments,"

EnvironmentalManagement, 19, pp. 81-97.

Ma, W.C., 1996,“ Lead in Mammals,” Environmental Contaminants in Wildlife, Interpreting Tissue

Concentrations,W.N. Beyer,G. H. Heinz,A.W.Redmon-Norwood (eds.), New York: Lewis

Publishers.

Mailman, Richard B., 1980,“Heavy Metals,” Introduction to Environmental Toxicology,F. E. Guthrie

and J. J. Perry (ed.),Interdepartmental Program in. Toxicology, North Carolina State University,

Raleigh, North Carolina, pp . 34-43.

Mayer, J. J., R. T. Hoppe, and R. A.Kennamer, 1985,“ Bald and golden eagles on the Savannah River

Plant, South Carolina,” The Oriole , 50 , 4 , pp. 53-57 .

Newman,M.C.,and A.Messier,1994, Mercury Bioaccumulation in Mosquitofish(Gambusia holbroky

Sampled on and around the Savannah River Site , SREL -48;UC-66e, Savannah River Ecology

Laboratory, Aiken, South Carolina.

ORNL (Oak Ridge NationalLaboratory), 1996,ORNL On-Line Ecological Database,Oak Ridge,

Tennessee.

Aquatic Sediment Quality in Ontario, ISBN 0-7729-9248-7 , PIBS 1962, June.

B - 56



DOE/EIS -0268

Paller,M.H., 1996 , L -Lake Fish Community and Water Chemistry, WSRC-PR - 96-0163, Westinghouse

Savannah River Company, Aiken , South Carolina, June.

Paller,M.H.and L. D. Wike, 1996a, Potential Ecological Effects of Contaminants in the Exposed Par

Pond Sediments,Draft,WSRC-TR - 96-0292, Westinghouse Savannah River Company, Aiken, South

Carolina, August.

Paller,M.H. and L. D.Wike, 1996b, Par Pond Fish, Water, and SedimentChemistry ,

WSRC-TR -96-0208,Revision 1, Westinghouse Savannah River Company, Savannah River

Technology Center, Aiken , South Carolina, June.

Scheuhammer, A.M.and P. J. Blancher, 1994,“ Potential risk to common loons (Gavia immer) from

methylmercury exposure in acidified lakes,” Environment Canada, Canadian Wildlife Service,

Quebec, Canada, pp. 445-455.

Shure, D. J. and M.R.Gottschalk , 1976, “ Cesium -137 Dynamics within a Reactor Effluent Stream in

South Carolina,” C.E. Cushing (ed.), Radioecology and Energy Resources,Dowden,Hutchinson and

Ross , Inc., pp. 234-241.

Sprunt, A. and E.B.Chamberlain , 1970 , South Carolina Bird Life, University of South Carolina Press,

Columbia, South Carolina.

Stalmaster,M.V., 1987, The Bald Eagle, Universe Books,New York .

Stokes,D.and L.Stokes, 1996 , Stokes Field Guide to Birds: (Eastern Region), Little , Brown and

Company .

Suter, G. W., 1993, Ecological Risk Assessment,Lewis Publishers, Boca Raton, Florida.

Thompson , D. R., 1996 , Environmental Contaminants in Wildlife : Interpreting Tissue Concentrations ,

Lewis Publishers, pp. 341-356 .

Wentsel, R. S., T. W.La Point,M.Simini, R. T.Ludwig , and L.W.Brewer, 1996 , Tri-Service

ProceduralGuidelines for Ecological Risk Assessments - Volume 1, U.S.Army Edgewood Research ,

Development, and Engineering Center, Aberdeen Proving Ground,Maryland.

Wiener, J. G. and D. J. Spry , 1996 , Environmental Contaminants in Wildlife: Interpreting Tissue

Concentrations, Lewis Publishers,pp. 297
-339 .

Wike, L.D., R. W.Shipley, J. A. Bowers, A. L. Bryan , C. L. Cummins, B.R.del Carmen , G. P. Friday ,

J. E. Irwin , H. E.Mackey, J. J.Mayer, Jr., E. A.Nelson ,M.H.Paller, V. A. Rogers, W. L. Specht,

and E.W.Wilde, 1994, SRS Ecology: Environmental Information Document, WSRC - TR -93-496 ,

Westinghouse Savannah River Company, Aiken, South Carolina.

WSRC (Westinghouse Savannah River Company) 1995, Savannah River Site: Environmental Data for

1994,WSRC- TR -95-077, Westinghouse Savannah River Company, Savannah River Site, Aiken ,

South Carolina.

B - 57



DOE/EIS-0268

WSRC (Westinghouse Savannah River Company) 1996 , Savannah River Site: Environmental Data for

1995, WSRC -TR - 96-0077, Westinghouse Savannah River Company, Savannah River Site, Aiken,

South Carolina.

Younginger, B., 1997, facsimile transmission to P. Wise, Halliburton NUS Corporation, Aiken,South

Carolina, " Background Concentrations ofMercury in South Carolina Fish ,” South Carolina

Department of Health and Environmental Control, Columbia, South Carolina,March 10.

B -58



APPENDIX C. OCCUPATIONAL AND PUBLIC HEALTH IMPACTS



DOE/EIS -0268

C
A

and Deactivate Alternative and resulting health effects to the offsite population .......... C-12

LIST OF TABLES

Table
Page

C - 1 L -Lake - Radiological doses associated with the No-Action Alternative and

resulting health effects to the offsite maximally exposed individual (current use)

and the generalpublic .
C-1

C -2 L -Lake - Radiological doses associated with the No-Action Alternative and

resultinghealth effects to the maximally exposed individual( future use ............... C.2

C - 3 L -Lake - Nonradiologicalhazard indexes and cancer risksassociated with the

C -3
No-Action Alternative for the offsitemaximally exposed individual (future use )

C - 4 L -Lake - Involved worker (current use ) radiologicaldoses associated with the

No-Action Alternative and resulting health effects

C - 5 L -Lake - Involved worker (future use) radiological doses associated with the

C-5

No-Action Alternative and resulting health effects

C - 6 L -Lake - Uninvolved worker radiologicaldoses associated with the No-Action

C-6

Alternative and resulting health effects ........

C - 7 L -Lake - Involved worker (currentuse )nonradiologicalhazard indexes and cancer

C.7

risks associated with the No-Action Alternative ......

C - 8 L -Lake - Involved worker (future use ) nonradiological hazard indexes and cancer

C -8

risks associated with the No-Action Alternative

C - 9 L -Lake - Radiologicaldoses from atmospheric releases associated with the Shut

Downand Deactivate Alternative and resultinghealth effects to the offsite

maximally exposed individual. ....

C - 10 L -Lake - Radiological doses from aqueousreleases associated with the Shut Down

and Deactivate Alternativeand resulting health effects to the offsite maximally

exposed individual

C - 11 L-Lake - Radiological doses from atmospheric releases associated with the Shut

Down and Deactivate alternative and resulting health effects to the offsite

population ........

C - 12 L-Lake - Radiological doses from aqueous releases associated with the Shut Down

C - 13 L -Lake - Offsitemaximally exposed individual nonradiological hazard indexes

and cancer risks from atmospheric releases associated with the ShutDownand

Deactivate Alternative .

C-9

C-10

C - 11

C-13

C - ii



DOE/EIS -0268

C - 14
L -Lake - Offsite maximally exposed individual nonradiological hazard indexes and

cancer risks from aqueous releases associated with the ShutDown and Deactivate

Alternative ........ C - 14

C - 15 L -Lake - Involved worker (currentuse ) radiologicaldosesassociated with the

ShutDown and Deactivate Alternative and resulting health effects..........
C - 15

C - 16
L -Lake - Involved worker (future use ) radiological doses associated with the

Shut Down and Deactivate Alternative and resulting health effects .......
C - 16

C - 17 L -Lake - Uninvolved worker (L -Area) radiological doses associated with the

Shut Down and Deactivate Alternative and resulting health effects .... C - 17

C - 18
L -Lake - Uninvolved worker (P -Area ) radiological doses associated with the

ShutDown and Deactivate Alternative and resulting health effects .....
C - 18

C - 19 L -Lake - Uninvolved worker (R -Area ) radiological doses associated with the

ShutDown and Deactivate Alternative and resulting health effects .
C - 19

C - 20 L -Lake - Involved worker (currentuse ) nonradiological hazard indexes and cancer

risks associated with the Shut Down and Deactivate Alternative .......... C -20

C -21 L -Lake - Involved worker (future use ) nonradiological hazard indexes and cancer

risks associated with the ShutDown and Deactivate Alternative C -21

C -22 L -Lake - Uninvolved worker (L -Area) nonradiologicalhazard indexes and cancer

risks associated with the Shut Down and Deactivate Alternative C -22

C -23 L -Lake - Uninvolved worker (P -Area ) nonradiological hazard indexes and cancer

risks associated with the Shut Down and Deactivate Alternative C -23

C -24 L -Lake - Uninvolved worker (R -Area ) nonradiological hazard indexes and cancer

risks associated with the Shut Down and Deactivate Alternative C -24

C - 25 Pen Branch - Involved worker ( current use) radiological doses associated with the

No-Action Alternative and resulting health effects .....
C -25

C - 26 Pen Branch - Involved worker ( future use) radiological doses associated with the

No-Action Alternative and resulting health effects
C -26

C -27 Fourmile Branch - Involved worker (currentuse) radiological doses associated with

the No-Action Alternative and resulting health effects ........
C -27

C -28 Fourmile Branch - Involved worker (future use ) radiological doses associated with

the No- Action Alternative and resulting health effects .........
C -28

C - 29 Steel Creek - Involved worker (currentuse ) radiologicaldoses associated with the

No-Action Alternative and resulting health effects ......
C - 29

C - iii



DOE /EIS-0268

C - 30
Steel Creek - Involved worker (future use ) radiologicaldoses associated with the

No-Action Alternative and resultinghealth effects C -30

C - 31
Steel Creek - Involved worker (currentuse ) radiological doses associated with the

Shut Down and Deactivate Alternative and resulting health effects ......

C - 3
1

C - 32
Steel Creek - Involved worker (future use) radiological doses associated with the

Shut Down and Deactivate Alternative and resulting health effects....

C - 3
2

C - 33 Steel Creek - Involved worker (current use) nonradiological hazard indexes and

cancer risks associated with the Shut Down and Deactivate Alternative ..........

C - 3
3

C - 34 Steel Creek - Involved worker (future use) nonradiological hazard indexes and

cancer risks associated with the Shut Down and Deactivate Alternative.

C - 3
4

C - 35
Par Pond -Radiologicaldoses associated with theNo-Action Alternative and

resulting health effects to the offsite maximally exposed individual

C -35

C - 36 Par Pond -Radiologicaldoses associated with theNo-Action Alternative and

resulting health effects to the general public

C-36

C - 37 Par Pond - Nonradiological hazard index associated with the No-Action Alternative

for the offsite maximally exposed individual(future use )

C-37

C - 38 Par Pond - Involved worker (current use) radiological doses associated with the

No-Action Alternative and resulting health effects ....

C -38

C - 39

C -39

C -40

C-40

Par Pond - Involved worker (future use) radiological doses associated with the

No-Action Alternative and resulting health effects

Par Pond - Uninvolved worker (L -Area) radiological doses associated with the

No- Action Alternative and resulting health effects

Par Pond - Involved worker (currentuse)nonradiological hazard indexes and cancer

risks associated with the No-Action Alternative ....

Par Pond - Involved worker (future use ) nonradiological hazard indexes and cancer

risks associated with theNo-Action Alternative .

C -41

C -41

C -42

C - 4
2

C -43
Par Pond – Uninvolved worker (L-Area )nonradiologicalhazard indexes and cancer

risks associated with the No-Action Alternative .....

C-43

C -44

C -45

Combined radiological doses associated with the No-Action Alternative and

resulting health effects to the offsite maximally exposed individual(current use)...

Combined radiologicaldoses associated with the No-Action Alternative and

resulting health effects to the offsite maximally exposed individual(future use)

Combined radiologicaldoses associated with the No-Action Alternative and resulting

health effects to the general public

C -46

C -46

C -iv



DOE/EIS -0268

C -47 Combined nonradiological hazard indexes associated with the No-Action Alternative

formembers of the public (currentuse)... C -47

C -48
Combined nonradiologicalhazard indexes and cancer risks associated with the

No-Action Alternative formembers ofthe public (future use ). C -48

C -49 Combined involved worker (currentuse) radiological doses and resulting impacts

associated with the No-Action Alternative ... C -49

C - 50
Combined involved worker population (current use) radiological doses associated

with theNo-Action Alternative C -50

C -51 Combined involved worker (future use) radiological doses associated with the

No-Action Alternative C -51

C -52
Combined involved worker population (future use) radiological doses associated

with the No-Action Alternative . C -52

C -53 Combined uninvolved worker radiologicaldoses and resulting impacts associated

with theNo- Action Alternative C -53

C -54 Combined uninvolved worker population radiological doses and resulting impacts

associated with the No- Action Alternative.... C -54

C -55 Combined nonradiologicalhazard indexes and cancer risks associated with the

No-Action Alternative for the involved worker (current use ) .
C -55

C -56 Combined nonradiological hazard indexes and cancer risks associated with the

No-Action Alternative for the involved worker (future use )..........
C -56

C -57 Combined nonradiological hazard indexes associated with the No-Action Alternative

for uninvolved workers .....
C -57

C - 58 Combined radiological doses associated with the ShutDown and Deactivate

Alternative and resulting health effects to the offsite maximally exposed individual ....
C -58

C -59 Combined radiologicaldoses associated with the ShutDown and Deactivate

Alternative and resulting health effects to the general public
C -59

C -60 Combined nonradiological hazard indexes and cancer risksassociated with the

Shut Down and Deactivate Alternative formembers of the public ....... C -60

C -61 Combined involved worker ( current use) radiological doses associated with the

Shut Down and Deactivate Alternative.....

C -61

C -62 Combined involved workerpopulation (currentuse) radiological doses associated

with the Shut Down and Deactivate Alternative..........
C -62

C -63
Combined involved worker ( future use ) radiologicaldoses associated with the

ShutDown and Deactivate Alternative...
C -63

C - v



DOE/EIS -0268

C -63 Combined involved worker (future use) radiological doses associated with the

ShutDown and Deactivate Alternative......... C -63

C -64 Combined involved worker population (future use ) radiological doses associated

with the ShutDown and Deactivate Alternative....

C -65 Combined uninvolved worker radiological doses and resulting impacts associated

with the Shut Down and Deactivate Alternative ..... C -65

C -66
Combined uninvolved worker population doses and resulting impacts associated

with the ShutDown and Deactivate Alternative .......... C -66

C -67
Combined nonradiological hazard indexes and cancer risks associated with the

Shut Down and Deactivate Alternative for the involved worker (current use).......
C -67

C -68
Combined nonradiological hazard indexes and cancer risks associated with the

Shut Down and Deactivate Alternative for the involved worker (future use). ....... C-68

C -69
Combined nonradiological hazard indexes and cancer risk associated with the

ShutDown and Deactivate Alternative for uninvolved workers .... C-69

C - 70 Assumed human health exposure parameters ....

C - 7
0
C - 7
5

References....

C -vi



DOE/EIS -0268

c
a
n
c
e
r
s
d

T
a
b
l
e

C-1,L-L
a
k
e

-R
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

e
f
f
e
c
t
s

t
o
t
h
e

o
f
f
s
i
t
e

m
a
x
i
m
a
l
l
y

e
x
p
o
s
e
d

i
n
d
i
v
i
d
u
a
l

(c
u
r
r
e
n
t

u
s
e

)a
n
d

t
h
e

g
e
n
e
r
a
l

p
u
b
l
i
c
.
a

M
a
x
i
m
a
l
l
y

e
x
p
o
s
e
d

i
n
d
i
v
i
d
u
a
l
b

O
f
f
s
i
t
e

p
o
p
u
l
a
t
i
o
n
c

A
n
n
u
a
l

P
r
o
b
a
b
i
l
i
t
y

L
i
f
e
t
i
m
e

P
r
o
b
a
b
i
l
i
t
y

A
n
n
u
a
l

N
u
m
b
e
r

L
i
f
e
t
i
m
e

N
u
m
b
e
r

d
o
s
e

o
f

f
a
t
a
l

d
o
s
e
e

o
f

f
a
t
a
l

d
o
s
e

o
f

f
a
t
a
l

d
o
s
e
e

o
f

f
a
t
a
l

E
x
p
o
s
u
r
e

p
a
t
h
w
a
y

(r
e
m

)
c
a
n
c
e
r
d

(r
e
m

)c
a
n
c
e
r
d

(p
e
r
s
o
n

-r
e
m

)
(p
e
r
s
o
n

-r
e
m

)c
a
n
c
e
r
s
d

I
n
g
e
s
t
i
o
n

:

S
o
i
l

5
.
7
x
1
0
-
1
1

2
.
8
x
1
0
-
1
4

9
.
9
x
1
0
-
1
0

5
.
0

*1
0
-
1
3

5
.
2
x

1
0
-
7

2
.
6
x
1
0
-
1
0

9
.
0
x
1
0
-
6

4
.
5

*1
0
-
9

S
o
i
l

d
e
r
m
a
l

1
.
1
x
1
0
-
1
1

5
.
6
x
1
0
-
1
5

2
.
0
x
1
0
-
1
0

9
.
8
x
1
0
-
1
4

1
.
0
x
1
0
-
7

5
.
1

*1
0
-
1
1

1
.
8
x
1
0
-
6

8
.
9
x
1
0
-
1
0

L
e
a
f
y

v
e
g
e
t
a
b
l
e
s

9
.
8
x
1
0
-
9

4
.
9
x
1
0
-
1
2

1
.
7
x
1
0
-
7

8
.
6
x
1
0
-
1
1

8
.
9
x
1
0
-
5

4
.
5

*1
0
-
8

1
.
6
x
1
0
-
3

7
.
8
x
1
0
-
7

O
t
h
e
r

v
e
g
e
t
a
b
l
e
s

7
.
7
x
1
0
-
8

3
.
8

*1
0
-
1
1

1
.
3
x
1
0
-
6

6
.
7
x
1
0
-
1
0

7
.
0

*1
0
-
4

3
.
5

*1
0
-
7

1
.
2
x
1
0
-
2

6
.
1
x
1
0
-
6

M
e
a
t

4
.
8
x
1
0
-
9

2
.
4
x
1
0
-
1
2

8
.
3
x
1
0
-
8

4
.
2
x
1
0
-
1
1

4
.
3
x
1
0
-
5

2
.
2
x
1
0
-
8

7
.
6

*1
0
-
4

3
.
8
x
1
0
-
7

M
i
l
k

1
.
7
x
1
0
-
8

8
.
7
x
1
0
-
1
2

3
.
1

*1
0
-
7

1
.
5
x
1
0
-
1
0

1
.
6

*1
0
-
4

8
.
0

*1
0
-
8

2
.
8
x
1
0
-
3

1
.
4
x
1
0
-
6

S
u
b
t
o
t
a
l

1
.
1
x
1
0
-
7

5
.
5

*1
0
-
1
1

1
.
9
x
1
0
-
6

9
.
5

*1
0
-
1
0

9
.
9
x
1
0
-
4

5
.
0

*1
0
-
7

1
.
7
x
1
0
-
2

8
.
7
x
1
0
-
6

I
n
h
a
l
a
t
i
o
n

:

A
i
r

2
.
0

*1
0
-
1
1

7
.
0
x
1
0
-
7

3
.
6

*1
0
-
4

1
.
8

*1
0
-
7

6
.
3
x
1
0
-
3

3
.
2
x
1
0
-
6

R
e
s
u
s
p
e
n
s
i
o
n

4
.
0
x
1
0
-
8

2
.
7
x
1
0
-
1
1

4
.
0
x
1
0
-
8

1
.
4
x
1
0
-
1
4

4
.
8
x
1
0
-
1
0

3
.
5

*1
0
-
1
0

2
.
4
x
1
0
-
1
3

3
.
5
x
1
0
-
1
0

2
.
5
x
1
0
-
7

1
.
2
x
1
0
-
1
0

4
.
3
x
1
0
-
6

2
.
2
x
1
0
-
9

S
u
b
t
o
t
a
l

2
.
0
x
1
0
-
1
1

7
.
0
x
1
0
-
7

3
.
6
x
1
0
-
4

1
.
8
x
1
0
-
7

6
.
3
x
1
0
-
3

3
.
2
x
1
0
-
6

T
o
t
a
l

1
.
5

*1
0
-
7

7
.
5
x
1
0
-
1
1

2
.
6
x
1
0
-
6

1
.
3
x
1
0
-
9

1
.
4
x
1
0
-
3

6
.
8
x
1
0
-
7

2
.
4
x
1
0
-
2

1
.
2
x
1
0
-
5

a. C
.

F
o
r

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

,g
e
n
e
r
a
l

p
u
b
l
i
c

d
o
s
e
s

r
e
s
u
l
t

o
n
l
y

f
r
o
m

t
h
e

v
o
l
a
t
i
l
i
z
a
t
i
o
n

o
f

t
r
i
t
i
u
m

f
r
o
m

L-L
a
k
e

.

b.T
h
e

o
f
f
s
i
t
e

m
a
x
i
m
a
l
l
y

e
x
p
o
s
e
d

i
n
d
i
v
i
d
u
a
l

isam
e
m
b
e
r

o
f

t
h
e

p
u
b
l
i
c

r
e
s
i
d
i
n
g

a
t
t
h
e

S
R
S

b
o
u
n
d
a
r
y

.

O
f
f
s
i
t
e

p
o
p
u
l
a
t
i
o
n

w
i
t
h
i
n

8
0
k
i
l
o
m
e
t
e
r
s

(5
0
m
i
l
e
s

)o
f
S
R
S

.

d.B
a
s
e
d

o
n

ar
i
s
k

o
f
0
.
0
0
0
5

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).

B
a
s
e
d

o
n

a7
0

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.
e.

C - 1



DOE /EIS -0268

T
a
b
l
e

C-2.L-L
a
k
e

-R
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

e
f
f
e
c
t
s

t
o
t
h
e

m
a
x
i
m
a
l
l
y

e
x
p
o
s
e
d

i
n
d
i
v
i
d
u
a
l

(f
u
t
u
r
e

u
s
e

).
a

A
n
n
u
a
l

d
o
s
e

(r
e
m

)b
P
r
o
b
a
b
i
l
i
t
y

o
f

L
i
f
e
t
i
m
e

d
o
s
e

(r
e
m

)d
P
r
o
b
a
b
i
l
i
t
y

o
f

E
x
p
o
s
u
r
e

P
a
t
h
w
a
y

R
e
c
r
e
a
t
i
o
n
a
l

O
f
f
s
i
t
e

T
o
t
a
l

f
a
t
a
l

c
a
n
c
e
r
c

R
e
c
r
e
a
t
i
o
n
a
l

O
f
f
s
i
t
e

T
o
t
a
l

f
a
t
a
l

c
a
n
c
e
r
c

I
n
g
e
s
t
i
o
n

:

F
i
n
f
i
s
h
e

3
.
8

*1
0
-
4

N
A
F

3
.
8
x
1
0
-
4

1
.
9
x
1
0
-
7

1
.
3
x
1
0
-
2

N
A

1
.
3
x
1
0
-
2

6
.
5
x
1
0
-
6

L
e
a
f
y

v
e
g
e
t
a
b
l
e
s

N
A

9
.
8

*1
0
-
9

9
.
8
x
1
0
-
9

4
.
9
x
1
0
-
1
2

N
A

9
.
9
x
1
0
-
1
0

9
.
9
x
1
0
-
1
0

5
.
0
x
1
0
-
1
3

O
t
h
e
r

v
e
g
e
t
a
b
l
e
s

N
A

7
.
7
x
1
0
-
8

7
.
7
x
1
0
-
8

3
.
8
x
1
0
-
1
1

1
.
3
x
1
0
-
6

1
.
3
x
1
0
-
6

6
.
7
x
1
0
-
1
0

M
e
a
t

4
.
8
x
1
0
-
9

4
.
8
x
1
0
-
9

2
.
4
x
1
0
-
1
2

N
A

8
.
3
x
1
0
-
8

8
.
3
x
1
0
-
8

4
.
2
x
1
0
-
1
1

M
i
l
k

N
A

1
.
7
x
1
0
-
8

1
.
7
x
1
0
-
8

8
.
7
x
1
0
-
1
2

N
A

3
.
1
x
1
0
-
7

3
.
1

*1
0
-
7

1
.
5

*1
0
-
1
0

S
o
i
l

1
.
2
x
1
0
-
1
1

5
.
7
x
1
0
-
1
1

6
.
9
x
1
0
-
1
1

3
.
4
x
1
0
-
1
4

2
.
1
x
1
0
-
1
0

9
.
9
x
1
0
-
1
0

1
.
2
x
1
0
-
9

6
.
0
x
1
0
-
1
3

S
o
i
l

d
e
r
m
a
l

1
.
7
x
1
0
-
9

1
.
1
x
1
0
-
1
1

1
.
7
x
1
0
-
9

8
.
6
x
1
0
-
1
3

3
.
0
x
1
0
-
8

2
.
0
x
1
0
-
1
0

3
.
0
x
1
0
-
7

1
.
5

*1
0
-
1
1

S
u
b
t
o
t
a
l

3
.
8
x
1
0
-
4

1
.
1
x
1
0
-
7

3
.
8

*1
0
-
4

1
.
9
x
1
0
-
7

1
.
3
x
1
0
-
2

1
.
7
x
1
0
-
6

1
.
3
x
1
0
-
2

6
.
5
x
1
0
-
6

I
n
h
a
l
a
t
i
o
n

:

N
A

N
A

A
i
r

2
.
9
x
1
0
-
9

4
.
0

*1
0
-
8

4
.
3
x
1
0
-
8

2
.
1
x
1
0
-
1
1

5
.
1
x
1
0
-
8

7
.
0
x
1
0
-
7

7
.
5
x
1
0
-
7

3
.
7
x
1
0
-
1
0

3
.
9
x
1
0
-
1
2

2
.
7
x
1
0
-
1
1

3
.
1
x
1
0
-
1
1

1
.
6
x

1
0
-
1
4

6
.
8
x
1
0
-
1
1

4
.
8
x
1
0
-
1
0

5
.
4
x
1
0
-
1
0

2
.
7
x
1
0
-
1
3

R
e
s
u
s
p
e
n
s
i
o
n

S
u
b
t
o
t
a
l

2
.
9
x
1
0
-
9

4
.
0

*1
0
-
8

4
.
3
x
1
0
-
8

2
.
1
x
1
0
-
1
1

5
.
1
x
1
0
-
8

7
.
0
x
1
0
-
7

7
.
5

*1
0
-
7

3
.
7
x
1
0
-
1
0

T
o
t
a
l

3
.
8

*1
0
-
4

1
.
5
x
1
0
-
7

3
.
8
x
1
0
-
4

1
.
9
x
1
0
-
7

1
.
3
x
1
0
-
2

2
.
6
x
1
0
-
6

1
.
3
x
1
0
-
2

6
.
5
x
1
0
-
6

a. C
.

T
h
e

f
u
t
u
r
e

l
a
n
d

u
s
e

s
c
e
n
a
r
i
o

a
s
s
u
m
e
s

r
e
c
r
e
a
t
i
o
n
a
l

u
s
e

o
f

L-L
a
k
e

.D
o
s
e
s

tot
h
e

m
a
x
i
m
a
l
l
y

e
x
p
o
s
e
d

i
n
d
i
v
i
d
u
a
l

r
e
s
u
l
t

f
r
o
m

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y
s

r
e
l
a
t
e
d

t
o

t
r
i
t
i
u
m

v
o
l
a
t
i
l
i
z
a
t
i
o
n

a
n
d

c
o
n
t
a
m
i
n
a
n
t
s

e
x
i
s
t
i
n
g

int
h
e

s
u
r
f
a
c
e

w
a
t
e
r

.

b.T
h
e

d
o
s
e

r
e
c
e
i
v
e
d

b
y

t
h
e

m
a
x
i
m
a
l
l
y

e
x
p
o
s
e
d

i
n
d
i
v
i
d
u
a
l

l
i
v
i
n
g

a
t

t
h
e

s
i
t
e

b
o
u
n
d
a
r
y

(s
a
m
e

a
s

f
o
r

c
u
r
r
e
n
t

u
s
e

).

B
a
s
e
d

o
n

ar
i
s
k

o
f

0
.
0
0
0
5

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).

d.B
a
s
e
d

o
n

a7
0

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

T
h
e

f
i
s
h

i
n
g
e
s
t
i
o
n

d
o
s
e

w
a
s

c
a
l
c
u
l
a
t
e
d

u
s
i
n
g

t
h
e

m
e
a
s
u
r
e
d

c
o
n
c
e
n
t
r
a
t
i
o
n

o
f

c
e
s
i
u
m

-1
3
7

inL-L
a
k
e

f
i
s
h

:0
.
8
3
3

p
C
i

/go
f

e
d
i
b
l
e

f
l
e
s
h

(A
r
n
e
t
t

,M
a
m
a
t
e
y

,a
n
d

S
p
i
t
z
e
r

1
9
9
6

).

f.
n
o
t

a
p
p
l
i
c
a
b
l
e

;t
h
e

c
o
n
t
a
m
i
n
a
n
t

i
s
n
o
t

t
r
a
n
s
f
e
r
r
e
d

t
h
r
o
u
g
h

t
h
e

l
i
s
t
e
d

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y

.

e.

N
A

C - 2



DOE /EIS -0268
T
a
b
l
e

C-3.L-L
a
k
e

-N
o
n
r
a
d
i
o
l
o
g
i
c
a
l

h
a
z
a
r
d

i
n
d
e
x
e
s

a
n
d

c
a
n
c
e
r

r
i
s
k
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

f
o
r

t
h
e

o
f
f
s
i
t
e

m
a
x
i
m
a
l
l
y

e
x
p
o
s
e
d

i
n
d
i
v
i
d
u
a
l

(f
u
t
u
r
e

u
s
e

).
a

H
a
z
a
r
d

q
u
o
t
i
e
n
t

C
a
n
c
e
r

r
i
s
k

E
x
p
o
s
u
r
e

p
a
t
h
w
a
y

B
a
r
i
u
m

M
a
g
n
e
s
i
u
m

M
a
n
g
a
n
e
s
e

V
a
n
a
d
i
u
m

H
a
z
a
r
d

i
n
d
e
x
b

B
e
r
y
l
l
i
u
m

T
o
t
a
l

a
n
n
u
a
l

L
i
f
e
t
i
m
e
c

I
n
g
e
s
t
i
o
n

: F
i
n
f
i
s
h

4
.
3
x
1
0
-
4

5
.
0

*1
0
-
2

6
.
2
x
1
0
-
2

1
.
6
x
1
0
-
7

1
.
6

1
0
-
7

1
.
1
x
1
0
-
5

1
.
1
x
1
0
-
6

2
.
8
x
1
0
-
5

1
.
1
x
1
0
-
9

1
.
8
x
1
0
-
4

2
.
4
x
1
0
-
6

4
.
7
x
1
0
-
5

S
w
i
m
m
i
n
g

S
w
i
m
m
i
n
g

d
e
r
m
a
l

1
.
1
x
1
0
-
9

1
.
1
x
1
0
-
2

7
.
5
x
1
0
-
6

1
.
5

*1
0
-
5

3
.
5
x
1
0
-
5

4
.
1
x
1
0
-
6

1
.
7
x
1
0
-
5

3
.
3
x
1
0
-
5

4
.
4
x
1
0
-
7

4
.
4
x
1
0
-
8

4
.
4
x
1
0
-
8

9
.
5
x
1
0
-
5

2
.
2
x
1
0
-
4

7
.
7
x
1
0
-
8

3
.
1
x
1
0
-
6

7
.
0
x
1
0
-
6

S
h
o
r
e
l
i
n
e

d
e
r
m
a
l

1
.
1
x
1
0
-
6

7
.
8
x
1
0
-
5

1
.
1
x
1
0
-
4

1
.
0
x
1
0
-
7

1
.
0
x
1
0
-
7

S
h
o
r
e
l
i
n
e

6
.
2
x
1
0
-
7

9
.
2
x
1
0
-
6

1
.
3
x
1
0
-
6

1
.
5
x
1
0
-
5

6
.
2
x
1
0
-
1
0

6
.
2
x
1
0
-
1
0

4
.
3
x
1
0
-
8

T
o
t
a
l

1
.
1
x
1
0
-
2

4
.
3
x
1
0
-
4

5
.
0

*1
0
-
2

3
.
4
x
1
0
-
4

6
.
2
x
1
0
-
2

3
.
1
x
1
0
-
7

3
.
1
x
1
0
-
7

2
.
1
x
1
0
-
5

a.
T
h
e

f
u
t
u
r
e

l
a
n
d

u
s
e

s
c
e
n
a
r
i
o

a
s
s
u
m
e
s

r
e
c
r
e
a
t
i
o
n
a
l

u
s
e

o
f

L-L
a
k
e

.I
m
p
a
c
t
s

t
o
t
h
e

m
a
x
i
m
a
l
l
y

e
x
p
o
s
e
d

i
n
d
i
v
i
d
u
a
l

r
e
s
u
l
t

f
r
o
m

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

c
o
n
t
a
m
i
n
a
n
t
s

e
x
i
s
t
i
n
g

int
h
e

s
u
r
f
a
c
e

w
a
t
e
r

.T
h
e

m
a
x
i
m
a
l
l
y

e
x
p
o
s
e
d

i
n
d
i
v
i
d
u
a
l

(c
u
r
r
e
n
t

u
s
e

) i
s
n
o
t

e
x
p
o
s
e
d

t
o
a
n
y

n
o
n
r
a
d
i
o
l
o
g
i
c
a
l

c
o
n
t
a
m
i
n
a
n
t
s

.

b.H
a
z
a
r
d

i
n
d
e
x

i
s
t
h
e

s
u
m

o
f
h
a
z
a
r
d

q
u
o
t
i
e
n
t
s

a
d
d
e
d

a
c
r
o
s
s

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y
s

o
r

p
o
l
l
u
t
a
n
t
s

.

B
a
s
e
d

o
n

a7
0

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.
c.

C - 3



DOE/EIS -0268

T
a
b
l
e

C-4.L-L
a
k
e

-I
n
v
o
l
v
e
d

w
o
r
k
e
r

(c
u
r
r
e
n
t

u
s
e

)r
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

e
f
f
e
c
t
s
.
a

I
n
d
i
v
i
d
u
a
l

w
o
r
k
e
r

W
o
r
k
e
r

p
o
p
u
l
a
t
i
o
n

A
n
n
u
a
l

d
o
s
e

P
r
o
b
a
b
i
l
i
t
y

o
f

L
i
f
e
t
i
m
e

d
o
s
e

P
r
o
b
a
b
i
l
i
t
y

o
f
A
n
n
u
a
l

d
o
s
e

N
u
m
b
e
r

o
f

L
i
f
e
t
i
m
e

d
o
s
e

N
u
m
b
e
r

o
f

E
x
p
o
s
u
r
e

p
a
t
h
w
a
y

(r
e
m

) f
a
t
a
l

c
a
n
c
e
r
c

(r
e
m

)d f
a
t
a
l

c
a
n
c
e
r
c

(p
e
r
s
o
n

-r
e
m

)f
a
t
a
l

c
a
n
c
e
r
s
c

(p
e
r
s
o
n

-r
e
m

)d
f
a
t
a
l

c
a
n
c
e
r
s

I
n
g
e
s
t
i
o
n

:

S
o
i
l

1
.
4
x
1
0
-
1
0

5
.
6
x
1
0
-
1
4

6
.
1

*1
0
-
1
0

2
.
4
x
1
0
-
1
3

9
.
8
x
1
0
-
9

3
.
9
x
1
0
-
1
2

4
.
3
x
1
0
-
8

1
.
7
x
1
0
-
1
1

S
o
i
l

d
e
r
m
a
l

1
.
2
x
1
0
-
1
1

4
.
6
x
1
0
-
1
5

5
.
0

*1
0
-
1
1

2
.
0
x
1
0
-
1
4

8
.
1
x
1
0
-
1
0

3
.
2
x
1
0
-
1
3

3
.
5
x
1
0
-
9

1
.
4

*1
0
-
1
2

S
u
b
t
o
t
a
l

1
.
5

*1
0
-
1
0

6
.
1

*1
0
-
1
4

6
.
6
x
1
0
-
1
0

2
.
6
x
1
0
-
1
3

1
.
1

*1
0
-
8

4
.
2
x
1
0
-
1
2

4
.
6
x
1
0
-
8

1
.
8

*1
0
-
1
1

I
n
h
a
l
a
t
i
o
n

:

A
i
r

5
.
0
x
1
0
-
8

2
.
0

*1
0
-
1
1

2
.
2
x
1
0
-
7

8
.
6
x
1
0
-
1
1

1
.
4
x
1
0
-
9

1
.
5
x
1
0
-
5

3
.
5
x
1
0
-
6

4
.
7
x
1
0
-
9

2
.
7
x
1
0
-
1
4

2
.
9
x
1
0
-
1
0

1
.
2
x
1
0
-
1
3

1
.
9
x
1
0
-
1
2

2
.
1
x
1
0
-
8

R
e
s
u
s
p
e
n
s
i
o
n

S
u
b
t
o
t
a
l

6
.
8
x
1
0
-
1
1

5
.
0

*1
0
-
8

6
.
0
x
1
0
-
9

8
.
2
x
1
0
-
1
2

6
.
1

*1
0
-
9

2
.
0

*1
0
-
1
1

2
.
2
x
1
0
-
7

8
.
6
x
1
0
-
1
1

3
.
5
x
1
0
-
6

1
.
4
x
1
0
-
9

1
.
5
x
1
0
-
5

T
o
t
a
l

5
.
0

*1
0
-
8

2
.
0
x
1
0
-
1
1

2
.
2
x
1
0
-
7

8
.
7
x
1
0
-
1
1

3
.
5
x
1
0
-
6

1
.
4
x
1
0
-
9

1
.
5
x
1
0
-
5

6
.
1

*1
0
-
9

a.
F
o
r

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

,w
o
r
k
e
r
s

a
r
e

e
x
p
o
s
e
d

t
o
p
a
t
h
w
a
y
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
r
i
t
i
u
m

v
o
l
a
t
i
l
i
z
a
t
i
o
n

a
n
d

c
o
n
t
a
m
i
n
a
n
t
s

int
h
e

s
u
r
f
a
c
e

w
a
t
e
r

.

b.T
h
e

n
u
m
b
e
r

o
f

i
n
v
o
l
v
e
d

w
o
r
k
e
r
s

i
s
e
s
t
i
m
a
t
e
d

t
o
b
e

7
0

.

B
a
s
e
d

o
n

ar
i
s
k

o
f
0
.
0
0
0
4

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).

d.B
a
s
e
d

o
n

a5-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

c.

C - 4



DOE /EIS -0268
T
a
b
l
e

C-5.L-L
a
k
e

-I
n
v
o
l
v
e
d

w
o
r
k
e
r

(f
u
t
u
r
e

u
s
e

)r
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

e
f
f
e
c
t
s
.
a

I
n
d
i
v
i
d
u
a
l

w
o
r
k
e
r

W
o
r
k
e
r

p
o
p
u
l
a
t
i
o
n

A
n
n
u
a
l

P
r
o
b
a
b
i
l
i
t
y

o
f
L
i
f
e
t
i
m
e

P
r
o
b
a
b
i
l
i
t
y

o
f
A
n
n
u
a
l

d
o
s
e

N
u
m
b
e
r

o
f

L
i
f
e
t
i
m
e

d
o
s
e

N
u
m
b
e
r

o
f

E
x
p
o
s
u
r
e

p
a
t
h
w
a
y

d
o
s
e

(r
e
m

)f
a
t
a
l

c
a
n
c
e
r
c

d
o
s
e

(r
e
m

)
f
a
t
a
l

c
a
n
c
e
r
c

(p
e
r
s
o
n

-r
e
m

) f
a
t
a
l

c
a
n
c
e
r
s
c

(p
e
r
s
o
n

-r
e
m

)df
a
t
a
l

c
a
n
c
e
r
s

I
n
g
e
s
t
i
o
n

:

S
o
i
l

3
.
1
x
1
0
-
9

1
.
2
x
1
0
-
1
2

4
.
2
x
1
0
-
8

1
.
7
x
1
0
-
1
1

2
.
2
x
1
0
-
7

8
.
7
x
1
0
-
1
1

2
.
9
x
1
0
-
6

1
.
2
x
1
0
-
9

S
o
i
l

d
e
r
m
a
l

1
.
9
x
1
0
-
1
0

7
.
7

1
0
-
1
4

2
.
6
x
1
0
-
9

1
.
0

*1
0
-
1
2

1
.
3
x
1
0
-
8

5
.
4
x
1
0
-
1
2

1
.
8

*1
0
-
7

7
.
2
x
1
0
-
1
1

S
u
b
t
o
t
a
l

3
.
3
x
1
0
-
9

1
.
3
x
1
0
-
1
2

4
.
4
x
1
0
-
8

1
.
8
x
1
0
-
1
1

2
.
3
x
1
0
-
7

9
.
2
x
1
0
-
1
1

3
.
1
x
1
0
-
6

1
.
2
x
1
0
-
9

I
n
h
a
l
a
t
i
o
n

:

A
i
r

4
.
4
x
1
0
-
1
0

1
.
5
x
1
0
-
5

5
.
9
x
1
0
-
9

7
.
7
x
1
0
-
5

1
.
0
x
1
0
-
3

4
.
1

*1
0
-
7

R
e
s
u
s
p
e
n
s
i
o
n

1
.
1
x
1
0
-
6

1
.
5
x
1
0
-
9

1
.
1
x
1
0
-
6

5
.
9
x
1
0
-
1
3

2
.
0
x
1
0
-
8

8
.
0
x
1
0
-
1
2

1
.
0
x
1
0
-
7

3
.
1

*1
0
-
8

4
.
2
x
1
0
-
1
1

3
.
1

*1
0
-
8

1
.
4
x
1
0
-
6

5
.
6
x
1
0
-
1
0

S
u
b
t
o
t
a
l

4
.
4
x
1
0
-
1
0

1
.
5
x
1
0
-
5

5
.
9
x
1
0
-
9

7
.
7
x
1
0
-
5

1
.
0

*1
0
-
3

4
.
1
x
1
0
-
7

T
o
t
a
l

1
.
1
x
1
0
-
6

4
.
4
x
1
0
-
1
0

1
.
5

*1
0
-
5

5
.
9
x
1
0
-
9

7
.
7
x
1
0
-
5

3
.
1
x
1
0
-
8

1
.
0

*1
0
-
3

4
.
1

*1
0
-
7

a.
F
o
r

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

,w
o
r
k
e
r
s

a
r
e

e
x
p
o
s
e
d

t
o
p
a
t
h
w
a
y
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
r
i
t
i
u
m

v
o
l
a
t
i
l
i
z
a
t
i
o
n

a
n
d

c
o
n
t
a
m
i
n
a
n
t
s

i
n
t
h
e

s
u
r
f
a
c
e

w
a
t
e
r

.

b.T
h
e

n
u
m
b
e
r

o
f

i
n
v
o
l
v
e
d

w
o
r
k
e
r
s

i
s
e
s
t
i
m
a
t
e
d

t
o
b
e

7
0

.

B
a
s
e
d

o
n

ar
i
s
k

o
f

0
.
0
0
0
4

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).

d.B
a
s
e
d

o
n

a2
5

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

C
.

C - 5



DOE/EIS -0268

T
a
b
l
e

C-6.L-L
a
k
e

-U
n
i
n
v
o
l
v
e
d

w
o
r
k
e
r

r
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

e
f
f
e
c
t
s
.
a

I
n
d
i
v
i
d
u
a
l

w
o
r
k
e
r
b

W
o
r
k
e
r

p
o
p
u
l
a
t
i
o
n

A
n
n
u
a
l

d
o
s
e

P
r
o
b
a
b
i
l
i
t
y

o
f

L
i
f
e
t
i
m
e

d
o
s
e

P
r
o
b
a
b
i
l
i
t
y

o
f
A
n
n
u
a
l

d
o
s
e

N
u
m
b
e
r

o
f

L
i
f
e
t
i
m
e

d
o
s
e

N
u
m
b
e
r

o
f

E
x
p
o
s
u
r
e

p
a
t
h
w
a
y

(r
e
m

)f
a
t
a
l

c
a
n
c
e
r
d

(r
e
m
e

f
a
t
a
l

c
a
n
c
e
r
d

(p
e
r
s
o
n

-r
e
m

)
f
a
t
a
l

c
a
n
c
e
r
s
d

(p
e
r
s
o
n

-r
e
m

)ef
a
t
a
l

c
a
n
c
e
r
s
d

I
n
g
e
s
t
i
o
n

:

S
o
i
l

5
.
5
x
1
0
-
1
1

2
.
2
x
1
0
-
1
4

7
.
4
x
1
0
-
1
0

3
.
0
x
1
0
-
1
3

1
.
4
x
1
0
-
8

5
.
5
x
1
0
-
1
2

1
.
9
x
1
0
-
7

7
.
4
x
1
0
-
1
1

S
o
i
l

d
e
r
m
a
l

3
.
5

*1
0
-
1
2

1
.
4
x
1
0
-
1
5

4
.
7
x
1
0
-
1
1

1
.
9
x
1
0
-
1
4

8
.
8
x
1
0
-
1
0

3
.
5
x
1
0
-
1
3

1
.
2
x
1
0
-
8

4
.
7
x
1
0
-
1
2

S
u
b
t
o
t
a
l

5
.
8
x
1
0
-
1
1

2
.
3
x
1
0
-
1
4

7
.
9
x
1
0
-
1
0

3
.
1
x
1
0
-
1
3

1
.
5

*1
0
-
8

5
.
9
x
1
0
-
1
2

2
.
0

*1
0
-
7

7
.
9
x
1
0
-
1
1

I
n
h
a
l
a
t
i
o
n

:

A
i
r

2
.
0

*1
0
-
8

7
.
8
x
1
0
-
1
2

2
.
6
x
1
0
-
7

1
.
0
x
1
0
-
1
0

4
.
9
x
1
0
-
6

2
.
0

*1
0
-
9

6
.
6
x
1
0
-
5

2
.
6
x
1
0
-
8

R
e
s
u
s
p
e
n
s
i
o
n

2
.
7
x
1
0
-
1
1

1
.
1
x
1
0
-
1
4

3
.
6
x
1
0
-
1
0

1
.
5
x

1
0
-
1
3

6
.
8
x
1
0
-
9

2
.
7
x
1
0
-
1
2

9
.
1
x
1
0
-
8

3
.
6
x

1
0
-
1
1

S
u
b
t
o
t
a
l

2
.
0
x
1
0
-
8

7
.
8
x
1
0
-
1
2

2
.
6

*1
0
-
7

1
.
0
x
1
0
-
1
0

4
.
9
x
1
0
-
6

2
.
0
x
1
0
-
9

6
.
6
x
1
0
-
5

2
.
6
x

1
0
-
8

T
o
t
a
l

2
.
0

*1
0
-
8

7
.
8

*1
0
-
1
2

2
.
6

*1
0
-
7

1
.
1
x
1
0
-
1
0

4
.
9
x
1
0
-
6

2
.
0
x
1
0
-
9

6
.
6
x
1
0
-
5

2
.
6
x
1
0
-
8

a.
F
o
r

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

u
n
i
n
v
o
l
v
e
d

w
o
r
k
e
r

i
s
e
x
p
o
s
e
d

o
n
l
y

t
o
p
a
t
h
w
a
y
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

v
o
l
a
t
i
l
i
z
a
t
i
o
n

o
f

t
r
i
t
i
u
m

f
r
o
m

L-L
a
k
e

.

b.T
h
e

m
a
x
i
m
a
l
l
y

e
x
p
o
s
e
d

u
n
i
n
v
o
l
v
e
d

w
o
r
k
e
r

i
s
l
o
c
a
t
e
d

a
t

L-A
r
e
a

.

L-A
r
e
a

.T
o
t
a
l

u
n
i
n
v
o
l
v
e
d

w
o
r
k
e
r
s

e
s
t
i
m
a
t
e
d

t
o
b
e

2
5
1

(S
i
m
p
k
i
n
s

1
9
9
6

).

d.B
a
s
e
d

o
n

ar
i
s
k

o
f

0
.
0
0
0
4

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).

e.B
a
s
e
d

o
n

a2
5

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

C - 6



DOE/EIS -0268

T
a
b
l
e

C-7.L-L
a
k
e

-I
n
v
o
l
v
e
d

w
o
r
k
e
r

(c
u
r
r
e
n
t

u
s
e

)n
o
n
r
a
d
i
o
l
o
g
i
c
a
l

h
a
z
a
r
d

i
n
d
e
x
e
s

a
n
d

c
a
n
c
e
r

r
i
s
k
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e
.
a

H
a
z
a
r
d

q
u
o
t
i
e
n
t

C
a
n
c
e
r

r
i
s
k

E
x
p
o
s
u
r
e

p
a
t
h
w
a
y

B
a
r
i
u
m

M
a
g
n
e
s
i
u
m

M
a
n
g
a
n
e
s
e

V
a
n
a
d
i
u
m

H
a
z
a
r
d

i
n
d
e
x
b

B
e
r
y
l
l
i
u
m

T
o
t
a
l

a
n
n
u
a
l

L
i
f
e
t
i
m
e
c

I
n
g
e
s
t
i
o
n

:

S
h
o
r
e
l
i
n
e

d
e
r
m
a
l

2
.
3
x
1
0
-
7

7
.
0
x
1
0
-
9

5
.
3
x
1
0
-
7

7
.
4
x
1
0
-
7

1
.
5
x
1
0
-
6

7
.
0
x
1
0
-
7

7
.
0
x
1
0
-
1
0

3
.
5

*1
0
-
9

S
h
o
r
e
l
i
n
e

5
.
6
x
1
0
-
5

8
.
5
x
1
0
-
6

1
.
3
x
1
0
-
4

1
.
8
x
1
0
-
5

2
.
1

*1
0
-
4

8
.
4
x
1
0
-
9

8
.
4
x
1
0
-
9

4
.
2
x
1
0
-
8

T
o
t
a
l

5
.
6
x
1
0
-
5

8
.
5
x
1
0
-
6

1
.
3
x
1
0
-
4

1
.
9
x
1
0
-
5

2
.
1

*1
0
-
4

9
.
1

*1
0
-
9

9
.
1
x
1
0
-
9

4
.
5
x
1
0
-
8

a.
F
o
r

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

,w
o
r
k
e
r
s

a
r
e

e
x
p
o
s
e
d

t
o
p
a
t
h
w
a
y
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
r
i
t
i
u
m

v
o
l
a
t
i
l
i
z
a
t
i
o
n

a
n
d

c
o
n
t
a
m
i
n
a
n
t
s

i
n
t
h
e

s
u
r
f
a
c
e

w
a
t
e
r

.

b.H
a
z
a
r
d

i
n
d
e
x

is t
h
e

s
u
m

o
f
h
a
z
a
r
d

q
u
o
t
i
e
n
t
s

a
d
d
e
d

a
c
r
o
s
s

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y
s

o
r
p
o
l
l
u
t
a
n
t
s

.

B
a
s
e
d

o
n

a5-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.
c.

C - 7



DOE /EIS -0268

T
a
b
l
e

C-8.L-L
a
k
e

-I
n
v
o
l
v
e
d

w
o
r
k
e
r

(f
u
t
u
r
e

u
s
e

)n
o
n
r
a
d
i
o
l
o
g
i
c
a
l

h
a
z
a
r
d

i
n
d
e
x
e
s

a
n
d

c
a
n
c
e
r

r
i
s
k
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e
.
a

H
a
z
a
r
d

q
u
o
t
i
e
n
t

C
a
n
c
e
r

r
i
s
k

E
x
p
o
s
u
r
e

p
a
t
h
w
a
y

B
a
r
i
u
m

M
a
g
n
e
s
i
u
m

M
a
n
g
a
n
e
s
e

V
a
n
a
d
i
u
m

H
a
z
a
r
d

i
n
d
e
x
b

B
e
r
y
l
l
i
u
m

T
o
t
a
l

a
n
n
u
a
l

L
i
f
e
t
i
m
e
c

I
n
g
e
s
t
i
o
n

:

S
h
o
r
e
l
i
n
e

d
e
r
m
a
l

3
.
8

*1
0
-
6

1
.
2
x
1
0
-
7

8
.
9
x
1
0
-
6

1
.
2
x
1
0
-
5

2
.
5
x
1
0
-
5

1
.
2
x
1
0
-
8

1
.
2
x
1
0
-
8

2
.
9
x
1
0
-
7

S
h
o
r
e
l
i
n
e

6
.
1

*1
0
-
6

9
.
3
x
1
0
-
7

1
.
4
x
1
0
-
5

2
.
0
x
1
0
-
6

2
.
3
x
1
0
-
5

9
.
2
x
1
0
-
1
0

9
.
2
x
1
0
-
1
0

2
.
3
x
1
0
-
8

T
o
t
a
l

9
.
9
x
1
0
-
6

1
.
0
x
1
0
-
6

2
.
3
x
1
0
-
5

1
.
4
x
1
0
-
5

4
.
8
x
1
0
-
5

1
.
3
x
1
0
-
8

1
.
3
x
1
0
-
8

3
.
1
x
1
0
-
7

a.

b

F
o
r

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

,w
o
r
k
e
r
s

a
r
e

e
x
p
o
s
e
d

t
o
p
a
t
h
w
a
y
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
r
i
t
i
u
m

v
o
l
a
t
i
l
i
z
a
t
i
o
n

a
n
d

c
o
n
t
a
m
i
n
a
n
t
s

i
n
t
h
e

s
u
r
f
a
c
e

w
a
t
e
r

.

H
a
z
a
r
d

i
n
d
e
x

ist
h
e

s
u
m

o
f

h
a
z
a
r
d

q
u
o
t
i
e
n
t
s

a
d
d
e
d

a
c
r
o
s
s

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y
s

o
r

p
o
l
l
u
t
a
n
t
s

.

B
a
s
e
d

o
n

a2
5

- y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.
C
.

C - 8



DOE/EIS -0268

T
a
b
l
e

C-9.L-L
a
k
e

-R
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

f
r
o
m

a
t
m
o
s
p
h
e
r
i
c

r
e
l
e
a
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

e
f
f
e
c
t
s

t
o
t
h
e

o
f
f
s
i
t
e

m
a
x
i
m
a
l
l
y

e
x
p
o
s
e
d

i
n
d
i
v
i
d
u
a
l
.
a

L
i
f
e
t
i
m
e

A
n
n
u
a
l

d
o
s
e

(r
e
m

)b
P
r
o
b
a
b
i
l
i
t
y

o
f d
o
s
e

P
r
o
b
a
b
i
l
i
t
y

o
f

E
x
p
o
s
u
r
e

P
a
t
h
w
a
y

C
s

-1
3
7

C
o

-6
0

P
u

-2
3
9

/2
4
0

P
m

-1
4
6

U-2
3
3

/2
3
4

T
o
t
a
l

f
a
t
a
l

c
a
n
c
e
r
c

(r
e
m

)d
f
a
t
a
l

c
a
n
c
e
r
c

I
n
g
e
s
t
i
o
n

:

S
o
i
l

4
.
6
x
1
0
-
1
2

9
.
2
x
1
0
-
1
5

1
.
4
x
1
0
-
1
2

5
.
4
x
1
0
-
1
7

1
.
4
x
1
0
-
1
2

7
.
5
x
1
0
-
1
2

3
.
7
x
1
0
-
1
5

3
.
6
x
1
0
-
1
0

1
.
8

*1
0
-
1
3

S
o
i
l

d
e
r
m
a
l

9
.
2
x
1
0
-
1
3

4
.
9
x
1
0
-
1
5

2
.
8
x
1
0
-
1
0

1
.
8

*1
0
-
1
5

5
.
9
x
1
0
-
1
1

3
.
4
x
1
0
-
1
0

1
.
7
x
1
0
-
1
3

2
.
4
x
1
0
-
8

1
.
2
x
1
0
-
1
1

L
e
a
f
y

g
r
e
e
n

v
e
g
e
t
a
b
l
e
s

2
.
8
x
1
0
-
8

5
.
5
x
1
0
-
1
1

8
.
3
x
1
0
-
9

3
.
2
x
1
0
-
1
3

8
.
7
x
1
0
-
9

4
.
5
x
1
0
-
8

2
.
2
x
1
0
-
1
1

2
.
2
x
1
0
-
6

1
.
1

*1
0
-
9

O
t
h
e
r

v
e
g
e
t
a
b
l
e
s

2
.
6
x
1
0
-
8

5
.
2
x
1
0
-
1
1

7
.
4
x
1
0
-
9

2
.
9
x
1
0
-
1
3

7
.
9
x
1
0
-
9

4
.
2
x
1
0
-
8

2
.
1
x
1
0
-
1
1

2
.
0

1
0
-
6

1
.
0

*1
0
-
9

M
e
a
t

1
.
2
x
1
0
-
8

2
.
3
x
1
0
-
1
1

8
.
6
x
1
0
-
1
4

3
.
3
x
1
0
-
1
4

3
.
5
x
1
0
-
1
1

1
.
2
x
1
0
-
8

5
.
8
x
1
0
-
1
2

4
.
1

*1
0
-
7

2
.
0
x
1
0
-
1
0

M
i
l
k

1
.
3
x
1
0
-
7

7
.
3
x
1
0
-
1
1

5
.
6
x
1
0
-
1
3

4
.
2
x
1
0
-
1
5

3
.
3
x
1
0
-
9

1
.
3
x
1
0
-
7

6
.
7
x
1
0
-
1
1

4
.
8
x
1
0
-
6

2
.
4
x
1
0
-
9

S
u
b
t
o
t
a
l

2
.
0
x
1
0
-
7

2
.
0
x
1
0
-
1
0

1
.
6
x
1
0
-
8

3
.
3
x
1
0
-
1
3

2
.
0

*1
0
-
8

2
.
3
x
1
0
-
7

1
.
2
x
1
0
-
1
0

9
.
4
x
1
0
-
6

4
.
7
x
1
0
-
9

I
n
h
a
l
a
t
i
o
n

:

A
i
r

3
.
4
x
1
0
-
1
0

8
.
4
x
1
0
-
1
2

2
.
4
x
1
0
-
1
3

9
.
7
x
1
0
-
8

6
.
7

1
0
-
6

3
.
4

*1
0
-
9

1
.
9
x
1
0
-
8

1
.
7
x
1
0
-
1
0

7
.
7
x
1
0
-
8

6
.
7
x
1
0
-
1
0

4
.
8
x
1
0
-
1
1

4
.
2
x
1
0
-
1
3

2
.
9
x
1
0
-
1
2

7
.
4
x
1
0
-
1
4

2
.
1

*1
0
-
1
5

8
.
4
x
1
0
-
1
0

5
.
9
x
1
0
-
8

2
.
9
x
1
0
-
1
1

R
e
s
u
s
p
e
n
s
i
o
n

S
u
b
t
o
t
a
l

3
.
4
x
1
0
-
1
0

8
.
4
x
1
0
-
1
2

1
.
9
x
1
0
-
8

2
.
4
x
1
0
-
1
3

7
.
8
x
1
0
-
8

9
.
7
x
1
0
-
8

4
.
9
x
1
0
-
1
1

6
.
8
x
1
0
-
6

3
.
4
x
1
0
-
9

E
x
t
e
r
n
a
l

:

S
o
i
l

7
.
4
x
1
0
-
8

2
.
3
x
1
0
-
1
3

1
.
7
x
1
0
-
1
1

8
.
5
x
1
0
-
1
2

7
.
5
x
1
0
-
8

3
.
8
x
1
0
-
1
1

2
.
7
x
1
0
-
6

1
.
3
x
1
0
-
9

1
.
3
x
1
0
-
9

7
.
7
x
1
0
-
1
4

A
i
r

4
.
2
x
1
0
-
1
2

2
.
9
x
1
0
-
1
8

9
.
5
x
1
0
-
1
6

3
.
0

1
0
-
1
6

4
.
3
x
1
0
-
1
2

2
.
2
x

1
0
-
1
5

1
.
5
x
1
0
-
1
0

7
.
6
x
1
0
-
1
3

S
u
b
t
o
t
a
l

7
.
4
x
1
0
-
8

1
.
3
x
1
0
-
9

2
.
3
x
1
0
-
1
3

1
.
7
x
1
0
-
1
1

8
.
5
x
1
0
-
1
2

7
.
5

*1
0
-
8

3
.
8
x
1
0
-
1
1

2
.
7
x
1
0
-
6

1
.
3
x
1
0
-
9

T
o
t
a
l

2
.
7
x
1
0
-
7

1
.
5

*1
0
-
9

3
.
5
x
1
0
-
8

1
.
8
x
1
0
-
1
1

9
.
7
x
1
0
-
8

4
.
0
-
1
0
-
7

2
.
0
x
1
0
-
1
0

1
.
9
x
1
0
-
5

9
.
4
x
1
0
-
9

a.
F
o
r

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

g
e
n
e
r
a
l

p
u
b
l
i
c

e
x
p
o
s
u
r
e
s

r
e
s
u
l
t

f
r
o
m

t
h
e

a
t
m
o
s
p
h
e
r
i
c

a
n
d

a
q
u
e
o
u
s

t
r
a
n
s
p
o
r
t

o
f

e
x
p
o
s
e
d

L-L
a
k
e

s
e
d
i
m
e
n
t
s

.

b.T
h
e

o
f
f
s
i
t
e

m
a
x
i
m
a
l
l
y

e
x
p
o
s
e
d

i
n
d
i
v
i
d
u
a
l

i
s
am
e
m
b
e
r

o
f

t
h
e

p
u
b
l
i
c

r
e
s
i
d
i
n
g

a
t
t
h
e

S
R
S

b
o
u
n
d
a
r
y

.

B
a
s
e
d

o
n

ar
i
s
k

o
f

0
.
0
0
0
5

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).

d.B
a
s
e
d

o
n

a7
0

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

C
.

C - 9



DOE /EIS -0268

T
a
b
l
e

C-1
0
.L-L
a
k
e

-R
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

f
r
o
m

a
q
u
e
o
u
s

r
e
l
e
a
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

e
f
f
e
c
t
s

t
o
t
h
e

o
f
f
s
i
t
e

m
a
x
i
m
a
l
l
y

e
x
p
o
s
e
d

i
n
d
i
v
i
d
u
a
l
.
a

L
i
f
e
t
i
m
e

d
o
s
e

P
r
o
b
a
b
i
l
i
t
y

o
f

P
r
o
b
a
b
i
l
i
t
y

o
f

A
n
n
u
a
l

d
o
s
e

(r
e
m

)b

P
u

-2
3
9

/2
4
0

P
m

-1
4
6

C
s

-1
3
7

C
o

-6
0

U-2
3
3

/2
3
4

T
o
t
a
l

f
a
t
a
l

c
a
n
c
e
r
c

(r
e
m

)
f
a
t
a
l

c
a
n
c
e
r
c

E
x
p
o
s
u
r
e

P
a
t
h
w
a
y

I
n
g
e
s
t
i
o
n

:

D
r
i
n
k
i
n
g

W
a
t
e
r

2
.
5
x
1
0
-
1
2

7
.
7
x
1
0
-
1
0

4
.
1
x
1
0
-
1
2

1
.
4
x
1
0
-
9

2
.
5
x
1
0
-
9

1
.
2
x
1
0
-
1
2

1
.
6
x
1
0
-
7

8
.
1
x
1
0
-
1
1

F
i
n
f
i
s
h

2
.
4
x
1
0
-
9

8
.
6
x
1
0
-
1
0

1
.
1

*1
0
-
8

4
.
9
x
1
0
-
7

2
.
5
x
1
0
-
1
0

1
.
3
x
1
0
-
1
2

2
.
3
x
1
0
-
1
2

4
.
1
x
1
0
-
1
2

2
.
7
x
1
0
-
1
0

1
.
3
x
1
0
-
1
3

S
w
i
m
m
i
n
g

S
w
i
m
m
i
n
g

D
e
r
m
a
l

S
h
o
r
e
l
i
n
e

D
e
r
m
a
l

3
.
0
x
1
0
-
1
0

7
.
6

1
0
-
9

5
.
0
x
1
0
-
1
3

1
.
0
x
1
0
-
1
3

6
.
6

*1
0
-
1
6

1
.
3
x
1
0
-
1
4

7
.
9
x
1
0
-
9

1
.
0
x
1
0
-
1
1

4
.
2
x
1
0
-
1
5

9
.
1
x
1
0
-
1
6

1
.
5
x
1
0
-
1
7

1
.
1
x
1
0
-
1
6

2
.
6
x
1
0
-
1
0

1
.
3
x
1
0
-
1
2

6
.
8
x
1
0
-
1
5

2
.
3
x
1
0
-
1
3

1
.
5
x
1
0
-
1
5

1
.
7
x
1
0
-
1
6

9
.
7
x
1
0
-
1
2

2
.
7
x
1
0
-
1
0

5
.
4
x
1
0
-
1
2

2
.
1

*1
0
-
1
5

1
.
4
x
1
0
-
1
3

8
.
9
x
1
0
-
1
6

5
.
4
x
1
0
-
1
7

1
.
9
x
1
0
-
8

9
.
4
x
1
0
-
1
2

6
.
9
x
1
0
-
1
4

1
.
2
x
1
0
-
1
0

6
.
2
x
1
0
-
1
4

1
.
7
x
1
0
-
1
2

3
.
4
x
1
0
-
1
4

1
.
8
x
1
0
-
1
2

1
.
1
x
1
0
-
1
3

S
h
o
r
e
l
i
n
e

7
.
0
x
1
0
-
1
2

3
.
5
x
1
0
-
1
5

6
.
0

*1
0
-
1
4

2
.
3
x
1
0
-
9

S
u
b
t
o
t
a
l

1
.
3
x
1
0
-
1
1

3
.
4
x
1
0
-
9

5
.
7
x
1
0
-
1
2

1
.
4
x
1
0
-
8

6
.
8
x
1
0
-
1
2

6
.
7
x
1
0
-
7

3
.
4

*1
0
-
1
0

E
x
t
e
r
n
a
l

:

S
w
i
m
m
i
n
g

B
o
a
t
i
n
g

6
.
9
x
1
0
-
1
4

4
.
6
x
1
0
-
1
9

5
.
6
x
1
0
-
1
5

2
.
8
x
1
0
-
1
5

1
.
9
x
1
0
-
1
4

9
.
5
x
1
0
-
1
5

9
.
4
x
1
0
-
1
4

4
.
7
x
1
0
-
1
4

3
.
8

*1
0
-
1
7

1
.
9
x
1
0
-
1
7

1
.
9
x
1
0
-
1
5

4
.
7
x
1
0
-
1
7

2
.
4
x
1
0
-
1
7

2
.
6
x
1
0
-
1
2

1
.
3
x
1
0
-
1
2

3
.
5
x
1
0
-
1
4

2
.
3
x
1
0
-
1
9

1
.
3
x
1
0
-
1
5

6
.
6
x
1
0
-
1
6

3
.
4
x
1
0
-
1
4

3
.
5
x
1
0
-
1
4

S
h
o
r
e
l
i
n
e

1
.
8
x
1
0
-
1
2

1
.
2
x
1
0
-
1
3

4
.
6
x
1
0
-
1
7

4
.
4
x
1
0
-
1
3

2
.
4
x
1
0
-
1
2

1
.
2
x
1
0
-
1
5

6
.
7
x
1
0
-
1
1

S
u
b
t
o
t
a
l

1
.
9
x
1
0
-
1
2

1
.
3
x
1
0
-
1
3

4
.
6
x
1
0
-
1
7

4
.
7
x
1
0
-
1
3

2
.
0
x
1
0
-
1
5

2
.
5
x

1
0
-
1
2

1
.
3
x
1
0
-
1
5

7
.
1
x
1
0
-
1
1

T
o
t
a
l

7
.
9
x
1
0
-
9

1
.
3
x
1
0
-
1
1

3
.
4
x
1
0
-
9

6
.
1

*1
0
-
1
2

2
.
3
x
1
0
-
9

1
.
4
x
1
0
-
8

6
.
8
x
1
0
-
1
2

6
.
7
x
1
0
-
7

3
.
4
x
1
0
-
1
0

a.
F
o
r

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

g
e
n
e
r
a
l

p
u
b
l
i
c

e
x
p
o
s
u
r
e
s

r
e
s
u
l
t

f
r
o
m

t
h
e

a
t
m
o
s
p
h
e
r
i
c

a
n
d

a
q
u
e
o
u
s

t
r
a
n
s
p
o
r
t

o
f
e
x
p
o
s
e
d

L-L
a
k
e

s
e
d
i
m
e
n
t
s

.

b.F
o
r

a
q
u
e
o
u
s

r
e
l
e
a
s
e
s

,t
h
e

o
f
f
s
i
t
e

m
a
x
i
m
a
l
l
y

e
x
p
o
s
e
d

i
n
d
i
v
i
d
u
a
l

isam
e
m
b
e
r

o
f
t
h
e

p
u
b
l
i
c

r
e
s
i
d
i
n
g

a
l
o
n
g

t
h
e

S
a
v
a
n
n
a
h

R
i
v
e
r

n
e
a
r

t
h
e

S
R
S

b
o
u
n
d
a
r
y

w
h
o

u
s
e
s

t
h
e

r
i
v
e
r

a
s

ad
r
i
n
k
i
n
g

w
a
t
e
r

s
o
u
r
c
e

a
n
d

f
o
r

r
e
c
r
e
a
t
i
o
n
a
l

a
c
t
i
v
i
t
i
e
s

a
n
d

c
o
n
s
u
m
e
s

f
i
s
h

c
a
u
g
h
t

i
n
t
h
e

r
i
v
e
r

.

B
a
s
e
d

o
n

ar
i
s
k

o
f
0
.
0
0
0
5

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

( N
C
R
P

1
9
9
3

).

d.B
a
s
e
d

o
n

a7
0

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

.

c.

C - 10



DOE/EIS -0268
T
a
b
l
e

C-1
1

.L-L
a
k
e

-R
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

f
r
o
m

a
t
m
o
s
p
h
e
r
i
c

r
e
l
e
a
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

e
f
f
e
c
t
s

t
o
t
h
e

o
f
f
s
i
t
e

p
o
p
u
l
a
t
i
o
n
.
a

L
i
f
e
t
i
m
e

p
o
p
u
l
a
t
i
o
n

P
o
p
u
l
a
t
i
o
n

a
n
n
u
a
l

d
o
s
e

(p
e
r
s
o
n

-r
e
m

)
N
u
m
b
e
r

o
f
d
o
s
e

N
u
m
b
e
r

o
f

E
x
p
o
s
u
r
e

P
a
t
h
w
a
y

C
s

-1
3
7

C
o

-6
0

P
u

-2
3
9

/2
4
0

P
m

-1
4
6

U-2
3
3

/2
3
4

T
o
t
a
l

f
a
t
a
l

c
a
n
c
e
r
s
c

(p
e
r
s
o
n

-r
e
m

)df
a
t
a
l

c
a
n
c
e
r
s
c

I
n
g
e
s
t
i
o
n

:

S
o
i
l

5
.
2
x
1
0
-
9

8
.
6
x
1
0
-
1
2

1
.
2
x
1
0
-
9

2
.
4
x
1
0
-
1
4

1
.
2
x
1
0
-
9

7
.
6
x
1
0
-
9

3
.
8
x
1
0
-
1
2

3
.
5
x
1
0
-
7

1
.
8
x
1
0
-
1
0

S
o
i
l

d
e
r
m
a
l

1
.
0
x
1
0
-
9

4
.
5
x
1
0
-
1
2

2
.
4
x
1
0
-
7

8
.
1
x
1
0
-
1
1

5
.
1
x
1
0
-
8

2
.
9
x
1
0
-
7

1
.
4
x
1
0
-
1
0

2
.
0
x
1
0
-
5

1
.
0
x
1
0
-
8

L
e
a
f
y

g
r
e
e
n

v
e
g
e
t
a
b
l
e
s

3
.
2
x
1
0
-
5

5
.
2
x
1
0
-
8

7
.
0
x
1
0
-
6

1
.
4
x
1
0
-
1
0

7
.
4
x
1
0
-
6

4
.
6
x
1
0
-
5

2
.
3
x
1
0
-
8

2
.
1

*1
0
-
3

1
.
1
x
1
0
-
6

O
t
h
e
r

v
e
g
e
t
a
b
l
e
s

3
.
0
x
1
0
-
5

4
.
9
x
1
0
-
8

6
.
3
x
1
0
-
6

1
.
3
x
1
0
-
1
0

6
.
7
x
1
0
-
6

4
.
3
x
1
0
-
5

2
.
2
x
1
0
-
8

2
.
0

*1
0
-
3

9
.
8
x
1
0
-
7

M
e
a
t

1
.
3
x
1
0
-
5

2
.
2
x
1
0
-
8

7
.
3
x
1
0
-
1
1

1
.
5
x
1
0
-
1
1

2
.
9
x
1
0
-
8

1
.
3
x
1
0
-
5

6
.
6
x
1
0
-
9

4
.
6
x
1
0
-
4

2
.
3
x
1
0
-
7

M
i
l
k

1
.
5
x
1
0
-
4

6
.
8
x
1
0
-
8

4
.
8
x
1
0
-
1
0

1
.
9
x
1
0
-
1
2

2
.
8
x
1
0
-
6

1
.
5
x
1
0
-
4

7
.
6

*1
0
-
8

5
.
3
x
1
0
-
3

2
.
7
x
1
0
-
6

S
u
b
t
o
t
a
l

2
.
2
x
1
0
-
4

1
.
9
x
1
0
-
7

1
.
4
x
1
0
-
5

2
.
9
x
1
0
-
1
0

1
.
7
x
1
0
-
5

2
.
5
x
1
0
-
4

1
.
3
x
1
0
-
7

9
.
9
x
1
0
-
3

4
.
9
x
1
0
-
6

I
n
h
a
l
a
t
i
o
n

:

A
i
r

3
.
8
x
1
0
-
7

7
.
8
x
1
0
-
9

1
.
6
x
1
0
-
5

1
.
1
x
1
0
-
1
0

6
.
5
x
1
0
-
5

8
.
2
x
1
0
-
5

4
.
1

*1
0
-
8

5
.
7
x
1
0
-
3

2
.
9
x
1
0
-
6

R
e
s
u
s
p
e
n
s
i
o
n

3
.
3
x
1
0
-
9

6
.
9
x
1
0
-
1
1

1
.
4
x
1
0
-
7

9
.
5
x
1
0
-
1
3

5
.
7
x
1
0
-
7

7
.
1

*1
0
-
7

3
.
6
x
1
0
-
1
0

5
.
0

*1
0
-
5

2
.
5
x
1
0
-
8

S
u
b
t
o
t
a
l

3
.
8
x
1
0
-
7

1
.
5

*1
0
-
8

1
.
6
x
1
0
-
5

1
.
1
x
1
0
-
1
0

6
.
5
x
1
0
-
5

8
.
2
x
1
0
-
5

4
.
1
x
1
0
-
8

5
.
8
x
1
0
-
3

2
.
9
x
1
0
-
6

E
x
t
e
r
n
a
l

:

S
o
i
l

1
.
2
x
1
0
-
6

4
.
3
x
1
0
-
8

3
.
0
x
1
0
-
3

1
.
5
x
1
0
-
6

8
.
4
x
1
0
-
5

4
.
8
x
1
0
-
9

1
.
9
x
1
0
-
1
0

2
.
5
x
1
0
-
1
5

7
.
2
x
1
0
-
9

2
.
6
x
1
0
-
1
3

8
.
5
x
1
0
-
5

4
.
9
x
1
0
-
9

A
i
r

7
.
2
x
1
0
-
1
1

2
.
4
x
1
0
-
1
2

1
.
7
x
1
0
-
7

8
.
6
x
1
0
-
1
1

7
.
5
x
1
0
-
9

4
.
2
x
1
0
-
1
3

7
.
5
x
1
0
-
9

7
.
9
x
1
0
-
9

S
u
b
t
o
t
a
l

8
.
4
x
1
0
-
5

1
.
2
x
1
0
-
6

1
.
9
x
1
0
-
1
0

7
.
2
x
1
0
-
9

8
.
5
x
1
0
-
5

4
.
3
x
1
0
-
8

3
.
0
x
1
0
-
3

1
.
5
x
1
0
-
6

T
o
t
a
l

3
.
0
x
1
0
-
4

1
.
4
x
1
0
-
6

3
.
0
x
1
0
-
5

8
.
2
x
1
0
-
5

4
.
2
x
1
0
-
4

2
.
1
x
1
0
-
7

1
.
9
x
1
0
-
2

9
.
3
x
1
0
-
6

a.
F
o
r

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

g
e
n
e
r
a
l

p
u
b
l
i
c

e
x
p
o
s
u
r
e
s

r
e
s
u
l
t

f
r
o
m

t
h
e

a
t
m
o
s
p
h
e
r
i
c

a
n
d

a
q
u
e
o
u
s

t
r
a
n
s
p
o
r
t

o
f
e
x
p
o
s
e
d

L-L
a
k
e

s
e
d
i
m
e
n
t
s

.

b.O
f
f
s
i
t
e

p
o
p
u
l
a
t
i
o
n

w
i
t
h
i
n

8
0

k
i
l
o
m
e
t
e
r
s

(5
0

m
i
l
e
s

)o
f
S
R
S

.

B
a
s
e
d

o
n

ar
i
s
k

o
f

0
.
0
0
0
5

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).

d.
B
a
s
e
d

o
n

a7
0

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

c.

C - 11



DOE /EIS -0268

T
a
b
l
e

C-1
2

.L-L
a
k
e

-R
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

f
r
o
m

a
q
u
e
o
u
s

r
e
l
e
a
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

e
f
f
e
c
t
s

t
o
t
h
e

o
f
f
s
i
t
e

p
o
p
u
l
a
t
i
o
n
.
a P
o
r
t

W
e
n
t
w
o
r
t
h

A
n
n
u
a
l

d
o
s
e

L
i
f
e
t
i
m
e

d
o
s
e
b

(p
e
r
s
o
n

-r
e
m

) (p
e
r
s
o
n

-r
e
m

)

B
e
a
u
f
o
r
t

/J
a
s
p
e
r

A
n
n
u
a
l

d
o
s
e

L
i
f
e
t
i
m
e

d
o
s
e
b

(p
e
r
s
o
n

-r
e
m

) (p
e
r
s
o
n

-r
e
m

)

T
o
t
a
l

p
o
p
u
l
a
t
i
o
n

a
n
n
u
a
l

d
o
s
e

(p
e
r
s
o
n

-r
e
m

)

T
o
t
a
l

p
o
p
u
l
a
t
i
o
n

N
u
m
b
e
r

o
f

l
i
f
e
t
i
m
e

d
o
s
e
b

N
u
m
b
e
r

o
f

f
a
t
a
l

c
a
n
c
e
r
s

(p
e
r
s
o
n

-r
e
m

)f
a
t
a
l

c
a
n
c
e
r
s

E
x
p
o
s
u
r
e

p
a
t
h
w
a
y

D
r
i
n
k
i
n
g

W
a
t
e
r

:

C
s

-1
3
7

5
.
0

*1
0
-
5

1
.
4
x
1
0
-
4

9
.
5
x
1
0
-
8

1
.
5
x
1
0
-
6

2
.
8
x
1
0
-
9

4
.
0
x
1
0
-
6

7
.
3
x
1
0
-
9

1
.
9
x
1
0
-
4

7
.
7

*1
0
-
8

C
o

-6
0

2
.
1

*1
0
-
8

5
.
5
x
1
0
-
6

1
.
0
x
1
0
-
8

1
.
1
x
1
0
-
5

3
.
8
x
1
0
-
1
1

2
.
7
x
1
0
-
9

5
.
0

*1
0
-
1
2

5
.
4

*1
0
-
9

8
.
1

*1
0
-
1
2

P
u

-2
3
9

/2
4
0

2
.
1

*1
0
-
4

5
.
6
x
1
0
-
8

5
.
5

*1
0
-
4

9
.
5
x
1
0
-
8

7
.
8
x
1
0
-
6

7
.
6

*1
0
-
4

3
.
8
x
1
0
-
7

3
.
0
x
1
0
-
6

4
.
2
x
1
0
-
9

P
m

-1
4
6

3
.
4
x
1
0
-
8

1
.
2
x
1
0
-
8

1
.
3
x
1
0
-
7

6
.
4

*1
0
-
1
1

1
.
6
1
0
-
8

1
.
9
x
1
0
-
5

U-2
3
3

/2
3
4

5
.
1
x
1
0
-
6

3
.
6

*1
0
-
4

1
.
4
x
1
0
-
5

9
.
8

*1
0
-
4

9
.
5
x
1
0
-
9

1
.
3
x
1
0
-
3

6
.
7
x
1
0
-
7

T
o
t
a
l

9
.
5
x
1
0
-
6

6
.
2
x
1
0
-
4

2
.
6
x
1
0
-
5

1
.
7
x
1
0
-
3

3
.
5
x
1
0
-
5

1
.
8
x
1
0
-
8

2
.
3
x
1
0
-
3

1
.
1
x
1
0
-
6

a.

b.

F
o
r

a
q
u
e
o
u
s

r
e
l
e
a
s
e
s

,d
o
s
e
s

a
r
e

c
a
l
c
u
l
a
t
e
d

f
o
r

t
h
e

6
5
,
0
0
0

(A
r
n
e
t
t

,M
a
m
a
t
e
y

,a
n
d

S
p
i
t
z
e
r

1
9
9
6

)p
e
o
p
l
e

u
s
i
n
g

t
h
e

S
a
v
a
n
n
a
h

R
i
v
e
r

a
s

as
o
u
r
c
e

o
f

d
r
i
n
k
i
n
g

w
a
t
e
r

(P
o
r
t

W
e
n
t
w
o
r
t
h

,G
e
o
r
g
i
a

a
n
d

B
e
a
u
f
o
r
t

a
n
d

J
a
s
p
e
r

C
o
u
n
t
i
e
s

,S
o
u
t
h

C
a
r
o
l
i
n
a

).

B
a
s
e
d

o
n

a7
0

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

B
a
s
e
d

o
n
a r
i
s
k

o
f

0
.
0
0
0
5

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f
r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).
c .

C - 12



DOE /EIS -0268
T
a
b
l
e

C-1
3

.L-L
a
k
e

- O
f
f
s
i
t
e

m
a
x
i
m
a
l
l
y

e
x
p
o
s
e
d

i
n
d
i
v
i
d
u
a
l

n
o
n
r
a
d
i
o
l
o
g
i
c
a
l

h
a
z
a
r
d

i
n
d
e
x
e
s

a
n
d

c
a
n
c
e
r

r
i
s
k
s

f
r
o
m

a
t
m
o
s
p
h
e
r
i
c

r
e
l
e
a
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e
.
a

H
a
z
a
r
d

q
u
o
t
i
e
n
t

H
a
z
a
r
d

A
n
n
u
a
l

c
a
n
c
e
r

r
i
s
k

L
i
f
e
t
i
m
e

E
x
p
o
s
u
r
e

P
a
t
h
w
a
y

M
a
n
g
a
n
e
s
e

T
h
a
l
l
i
u
m

A
n
t
i
m
o
n
y

C
a
d
m
i
u
m

L
e
a
d

i
n
d
e
x
b

C
a
d
m
i
u
m

B
e
r
y
l
l
i
u
m

A
r
s
e
n
i
c

T
o
t
a
l

c
a
n
c
e
r

r
i
s
k

I
n
g
e
s
t
i
o
n

:

S
o
i
l

3
.
3
x
1
0
-
1
2

2
.
8
x
1
0
-
7

2
.
0

*1
0
-
8

2
.
2

*1
0
-
9

1
.
2
x
1
0
-
8

3
.
1
x
1
0
-
7

N
A
D

1
.
6
x
1
0
-
1
3

4
.
7
x
1
0
-
1
3

6
.
3
x
1
0
-
1
3

4
.
4
x
1
0
-
1
1

S
o
i
l

d
e
r
m
a
l

6
.
4
x
1
0
-
1
2

5
.
4
x
1
0
-
8

3
.
9
x
1
0
-
7

8
.
6
x
1
0
-
8

2
.
2
x
1
0
-
7

7
.
5
x
1
0
-
7

N
A

6
.
2
x
1
0
-
1
2

1
.
9
x
1
0
-
1
3

6
.
4
x
1
0
-
1
2

4
.
5

*1
0
-
1
0

L
e
a
f
y

g
r
e
e
n

v
e
g
e
t
a
b
l
e
s

2
.
0
x
1
0
-
8

1
.
7
x
1
0
-
3

1
.
2
x
1
0
-
4

1
.
4
x
1
0
-
5

6
.
7
x
1
0
-
5

1
.
9
x
1
0
-
3

N
A

9
.
5
x
1
0
-
1
0

2
.
8
x
1
0
-
9

3
.
8
x
1
0
-
9

2
.
6
x
1
0
-
7

O
t
h
e
r

v
e
g
e
t
a
b
l
e
s

2
.
1
x
1
0
-
8

1
.
5

*1
0
-
3

1
.
0

*1
0
-
4

1
.
4
x
1
0
-
5

5
.
9
x
1
0
-
5

1
.
7
x
1
0
-
3

N
A

8
.
3
x
1
0
-
1
0

2
.
5
x
1
0
-
9

3
.
3
x
1
0
-
9

2
.
3
x
1
0
-
7

M
e
a
t

1
.
7
x
1
0
-
1
0

1
.
4
x
1
0
-
3

2
.
5
x
1
0
-
6

1
.
6
x
1
0
-
7

1
.
4
x
1
0
-
6

1
.
4
x
1
0
-
3

N
A

1
.
6
x
1
0
-
1
1

1
.
1
x
1
0
-
1
0

1
.
3
x
1
0
-
1
0

9
.
1

*1
0
-
9

M
i
l
k

4
.
7
x
1
0
-
9

2
.
2
x
1
0
-
3

7
.
8
x
1
0
-
6

9
.
3
x
1
0
-
6

4
.
5
x
1
0
-
6

2
.
2
x
1
0
-
3

N
A

1
.
3
x
1
0
-
1
2

1
.
1
x
1
0
-
1
0

1
.
2
x
1
0
-
1
0

8
.
1

*1
0
-
9

S
u
b
t
o
t
a
l

4
.
7
x
1
0
-
8

6
.
5
x
1
0
-
3

2
.
3
x
1
0
-
4

3
.
7
x
1
0
-
5

1
.
3
x
1
0
-
4

6
.
9
x
1
0
-
3

0
.
0
x
1
0
0

1
.
8
x
1
0
-
9

5
.
6
x
1
0
-
9

7
.
4

*1
0
-
9

5
.
2
x
1
0
-
7

I
n
h
a
l
a
t
i
o
n

:

A
i
r

3
.
1
x
1
0
-
5

N
A

3
.
5
x
1
0
-
5

4
.
6
x
1
0
-
1
0

3
.
5
x
1
0
-
8

2
.
2
x
1
0
-
6

1
.
9
x
1
0
-
8

1
.
8
x
1
0
-
8

1
.
6
x
1
0
-
1
0

1
.
8
x
1
0
-
8

5
.
0

*1
0
-
1
0

4
.
3
x
1
0
-
1
2

R
e
s
u
s
p
e
n
s
i
o
n

2
.
7
x
1
0
-
7

1
.
3
x
1
0
-
6

1
.
1
x
1
0
-
8

1
.
3
x
1
0
-
6

N
A

3
.
0
x
1
0
-
7

4
.
0
x
1
0
-
1
2

3
.
0
x
1
0
-
1
0

7
.
3
x
1
0
-
1
2

3
.
5

*1
0
-
1
1

6
.
5

*1
0
-
1
4

3
.
1
-
1
0
-
1
3

7
.
3
x
1
0
-
1
2

3
.
5
x
1
0
-
1
1

7
.
3
x
1
0
-
1
2

1
.
8
x
1
0
-
9

S
u
b
t
o
t
a
l

3
.
2
x
1
0
-
5

2
.
3
x
1
0
-
6

0
.
0
x
1
0
0

3
.
5
x
1
0
-
5

4
.
6
x
1
0
-
1
0

3
.
5
x
1
0
-
8

5
.
0

*1
0
-
1
0

7
.
9
x
1
0
-
9

T
o
t
a
l

6
.
5
x
1
0
-
8

6
.
5
x
1
0
-
3

2
.
4
x
1
0
-
4

3
.
7
x
1
0
-
5

1
.
4
x
1
0
-
4

6
.
9
x
1
0
-
3

6
.
0
x
1
0
-
9

5
.
5
x
1
0
-
7

a.

b.

I
m
p
a
c
t
s

tot
h
e

m
a
x
i
m
a
l
l
y

e
x
p
o
s
e
d

i
n
d
i
v
i
d
u
a
l

r
e
s
u
l
t

f
r
o
m

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

c
o
n
t
a
m
i
n
a
n
t
s

int
h
e

e
x
p
o
s
e
d

L-L
a
k
e

s
e
d
i
m
e
n
t
s

.

H
a
z
a
r
d

i
n
d
e
x

i
s
t
h
e

s
u
m

o
f
h
a
z
a
r
d

q
u
o
t
i
e
n
t
s

a
d
d
e
d

a
c
r
o
s
s

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y
s

o
r

p
o
l
l
u
t
a
n
t
s

.

B
a
s
e
d

o
n

a7
0

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

N
A

=n
o
t

a
p
p
l
i
c
a
b
l
e

;t
h
e

c
o
n
t
a
m
i
n
a
n
t

isn
o
t

t
r
a
n
s
f
e
r
r
e
d

t
h
r
o
u
g
h

t
h
e

l
i
s
t
e
d

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y

.

C
.

d.

C -13



DOE /EIS-0268

T
a
b
l
e

C-1
2

.L-L
a
k
e

-R
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

f
r
o
m

a
q
u
e
o
u
s

r
e
l
e
a
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

e
f
f
e
c
t
s

t
o
t
h
e

o
f
f
s
i
t
e

p
o
p
u
l
a
t
i
o
n
.
a

T
o
t
a
l

P
o
r
t

W
e
n
t
w
o
r
t
h

B
e
a
u
f
o
r
t

/J
a
s
p
e
r

T
o
t
a
l

p
o
p
u
l
a
t
i
o
n

p
o
p
u
l
a
t
i
o
n

A
n
n
u
a
l

d
o
s
e

L
i
f
e
t
i
m
e

d
o
s
e
b

A
n
n
u
a
l

d
o
s
e

L
i
f
e
t
i
m
e

d
o
s
e
b

a
n
n
u
a
l

d
o
s
e

N
u
m
b
e
r

o
f

l
i
f
e
t
i
m
e

d
o
s
e
b

N
u
m
b
e
r

o
f E
x
p
o
s
u
r
e

p
a
t
h
w
a
y

(p
e
r
s
o
n

-r
e
m

)(p
e
r
s
o
n

-r
e
m

)(p
e
r
s
o
n

-r
e
m

) (p
e
r
s
o
n

-r
e
m

)(p
e
r
s
o
n

-r
e
m

)f
a
t
a
l

c
a
n
c
e
r
s
c

(p
e
r
s
o
n

-r
e
m

)f
a
t
a
l

c
a
n
c
e
r
s
c

D
r
i
n
k
i
n
g

W
a
t
e
r

:

C
s

-1
3
7

1
.
5
x
1
0
-
6

5
.
0
x
1
0
-
5

4
.
0
x
1
0
-
6

1
.
4

*1
0
-
4

5
.
5
x
1
0
-
6

2
.
7
x
1
0
-
9

1
.
9
x
1
0
-
4

9
.
5
x
1
0
-
8

C
o

-6
0

2
.
8
x
1
0
-
9

2
.
1
x
1
0
-
8

7
.
3
x
1
0
-
9

5
.
6
x
1
0
-
8

1
.
0
x
1
0
-
8

5
.
0
x
1
0
-
1
2

7
.
7
x
1
0
-
8

3
.
8
x
1
0
-
1
1

P
u

-2
3
9

/2
4
0

3
.
0
x
1
0
-
6

2
.
1

*1
0
-
4

7
.
8
x
1
0
-
6

5
.
5

*1
0
-
4

1
.
1
x
1
0
-
5

5
.
4
x
1
0
-
9

7
.
6

*1
0
-
4

3
.
8
x
1
0
-
7

P
m

-1
4
6

4
.
2
x
1
0
-
9

3
.
4
x
1
0
-
8

1
.
2
x
1
0
-
8

9
.
5

*1
0
-
8

1
.
6
x
1
0
-
8

8
.
1

*1
0
-
1
2

1
.
3
x
1
0
-
7

6
.
4
x
1
0
-
1
1

U-2
3
3

/2
3
4

5
.
1
x
1
0
-
6

3
.
6

*1
0
-
4

1
.
4
x
1
0
-
5

9
.
8

*1
0
-
4

1
.
9
x
1
0
-
5

9
.
5
x
1
0
-
9

1
.
3
x
1
0
-
3

6
.
7
x
1
0
-
7

T
o
t
a
l

9
.
5
x
1
0
-
6

6
.
2
x
1
0
-
4

2
.
6
x
1
0
-
5

1
.
7
x
1
0
-
3

3
.
5
x
1
0
-
5

1
.
8
x
1
0
-
8

2
.
3
x
1
0
-
3

1
.
1
x
1
0
-
6

a.
F
o
r

a
q
u
e
o
u
s

r
e
l
e
a
s
e
s

,d
o
s
e
s

a
r
e

c
a
l
c
u
l
a
t
e
d

f
o
r

t
h
e

6
5
,
0
0
0

(A
r
n
e
t
t

,M
a
m
a
t
e
y

,a
n
d

S
p
i
t
z
e
r

1
9
9
6

)p
e
o
p
l
e

u
s
i
n
g

t
h
e

S
a
v
a
n
n
a
h

R
i
v
e
r

a
s

as
o
u
r
c
e

o
f

d
r
i
n
k
i
n
g

w
a
t
e
r

(P
o
r
t

W
e
n
t
w
o
r
t
h

,G
e
o
r
g
i
a

a
n
d

B
e
a
u
f
o
r
t

a
n
d

J
a
s
p
e
r

C
o
u
n
t
i
e
s

,S
o
u
t
h

C
a
r
o
l
i
n
a

).

B
a
s
e
d

o
n

a7
0

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

B
a
s
e
d

o
n

ar
i
s
k

o
f
0
.
0
0
0
5

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).

b. C
.

C - 12



DOE /EIS -0268

T
a
b
l
e

C-1
3

.L-L
a
k
e

-O
f
f
s
i
t
e

m
a
x
i
m
a
l
l
y

e
x
p
o
s
e
d

i
n
d
i
v
i
d
u
a
l

n
o
n
r
a
d
i
o
l
o
g
i
c
a
l

h
a
z
a
r
d

i
n
d
e
x
e
s

a
n
d

c
a
n
c
e
r

r
i
s
k
s

f
r
o
m

a
t
m
o
s
p
h
e
r
i
c

r
e
l
e
a
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e
.
a

H
a
z
a
r
d

q
u
o
t
i
e
n
t

H
a
z
a
r
d

A
n
n
u
a
l

c
a
n
c
e
r

r
i
s
k

E
x
p
o
s
u
r
e

P
a
t
h
w
a
y

L
i
f
e
t
i
m
e

M
a
n
g
a
n
e
s
e

T
h
a
l
l
i
u
m

A
n
t
i
m
o
n
y

C
a
d
m
i
u
m

L
e
a
d

i
n
d
e
x
b

C
a
d
m
i
u
m

B
e
r
y
l
l
i
u
m

A
r
s
e
n
i
c

T
o
t
a
l

c
a
n
c
e
r

r
i
s
k
c

I
n
g
e
s
t
i
o
n

:

S
o
i
l

3
.
3
x
1
0
-
1
2

2
.
8
x
1
0
-
7

2
.
0

*1
0
-
8

2
.
2
x
1
0
-
9

1
.
2
x
1
0
-
8

3
.
1
x
1
0
-
7

N
A
D

1
.
6
x
1
0
-
1
3

4
.
7
x
1
0
-
1
3

6
.
3
x
1
0
-
1
3

4
.
4
x
1
0
-
1
1

S
o
i
l

d
e
r
m
a
l

6
.
4
x
1
0
-
1
2

5
.
4
x
1
0
-
8

3
.
9
x
1
0
-
7

8
.
6
x
1
0
-
8

2
.
2
x
1
0
-
7

7
.
5
x
1
0
-
7

N
A

6
.
2
x
1
0
-
1
2

1
.
9
x
1
0
-
1
3

6
.
4
x
1
0
-
1
2

4
.
5
x
1
0
-
1
0

L
e
a
f
y

g
r
e
e
n

v
e
g
e
t
a
b
l
e
s

2
.
0
x
1
0
-
8

1
.
7
x
1
0
-
3

1
.
2
x
1
0
-
4

1
.
4
x
1
0
-
5

6
.
7
x
1
0
-
5

1
.
9
x
1
0
-
3

N
A

9
.
5
x
1
0
-
1
0

2
.
8
x
1
0
-
9

3
.
8
x
1
0
-
9

2
.
6

*1
0
-
7

O
t
h
e
r

v
e
g
e
t
a
b
l
e
s

2
.
1

*1
0
-
8

1
.
5
x
1
0
-
3

1
.
0

*1
0
-
4

1
.
4
x
1
0
-
5

5
.
9
x
1
0
-
5

1
.
7
x
1
0
-
3

N
A

8
.
3
x
1
0
-
1
0

2
.
5
x
1
0
-
9

3
.
3
x
1
0
-
9

2
.
3
x
1
0
-
7

M
e
a
t

1
.
7
x
1
0
-
1
0

1
.
4
x
1
0
-
3

2
.
5
x
1
0
-
6

1
.
6
x
1
0
-
7

1
.
4
x
1
0
-
6

1
.
4
x
1
0
-
3

N
A

1
.
6
x
1
0
-
1
1

1
.
1
x
1
0
-
1
0

1
.
3
x
1
0
-
1
0

9
.
1

*1
0
-
9

M
i
l
k

4
.
7
x
1
0
-
9

2
.
2
x
1
0
-
3

7
.
8
x
1
0
-
6

9
.
3
x
1
0
-
6

4
.
5
x
1
0
-
6

2
.
2
x
1
0
-
3

N
A

1
.
3
x
1
0
-
1
2

1
.
1
x
1
0
-
1
0

1
.
2
x
1
0
-
1
0

8
.
1
x
1
0
-
9

S
u
b
t
o
t
a
l

4
.
7
x
1
0
-
8

6
.
5
x
1
0
-
3

2
.
3
x
1
0
-
4

3
.
7
x
1
0
-
5

1
.
3
x
1
0
-
4

6
.
9
x
1
0
-
3

0
.
0
x
1
0
0

1
.
8
x
1
0
-
9

5
.
6
x
1
0
-
9

7
.
4

*1
0
-
9

5
.
2
x
1
0
-
7

I
n
h
a
l
a
t
i
o
n

:

A
i
r

N
A

1
.
3
x
1
0
-
6

7
.
3
x
1
0
-
1
2

3
.
5

*1
0
-
8

1
.
8

*1
0
-
8

1
.
6

*1
0
-
1
0

3
.
1
x
1
0
-
5

2
.
7
x
1
0
-
7

2
.
2
x
1
0
-
6

1
.
9
x
1
0
-
8

3
.
5
x
1
0
-
5

3
.
0
x
1
0
-
7

3
.
5
x
1
0
-
1
1

3
.
1

*1
0
-
1
3

4
.
6
x
1
0
-
1
0

4
.
0
x
1
0
-
1
2

5
.
0

*1
0
-
1
0

4
.
3
x
1
0
-
1
2

R
e
s
u
s
p
e
n
s
i
o
n

N
A

1
.
1
x
1
0
-
8

6
.
5
x
1
0
-
1
4

3
.
0
x
1
0
-
1
0

S
u
b
t
o
t
a
l

1
.
8
x
1
0
-
8

3
.
2
x
1
0
-
5

2
.
3
x
1
0
-
6

0
.
0
x
1
0
0

1
.
3
x
1
0
-
6

3
.
5
x
1
0
-
5

7
.
3
x
1
0
-
1
2

4
.
6
x
1
0
-
1
0

3
.
5
x
1
0
-
8

3
.
5
x
1
0
-
1
1

1
.
8
x
1
0
-
9

5
.
0

*1
0
-
1
0

7
.
9
x
1
0
-
9

T
o
t
a
l

6
.
5
x
1
0
-
8

6
.
5
x
1
0
-
3

2
.
4
x
1
0
-
4

3
.
7
x
1
0
-
5

1
.
4

*1
0
-
4

6
.
9
x
1
0
-
3

7
.
3
x
1
0
-
1
2

6
.
0
x
1
0
-
9

5
.
5

*1
0
-
7

a.
I
m
p
a
c
t
s

t
o
t
h
e

m
a
x
i
m
a
l
l
y

e
x
p
o
s
e
d

i
n
d
i
v
i
d
u
a
l

r
e
s
u
l
t

f
r
o
m

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

c
o
n
t
a
m
i
n
a
n
t
s

i
n
t
h
e

e
x
p
o
s
e
d

L-L
a
k
e

s
e
d
i
m
e
n
t
s

.

b.H
a
z
a
r
d

i
n
d
e
x

ist
h
e

s
u
m

o
f

h
a
z
a
r
d

q
u
o
t
i
e
n
t
s

a
d
d
e
d

a
c
r
o
s
s

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y
s

o
r
p
o
l
l
u
t
a
n
t
s

.

B
a
s
e
d

o
n

a7
0

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

d.
N
A

n
o
t

a
p
p
l
i
c
a
b
l
e

;t
h
e

c
o
n
t
a
m
i
n
a
n
t

i
s
n
o
t

t
r
a
n
s
f
e
r
r
e
d

t
h
r
o
u
g
h

t
h
e

l
i
s
t
e
d

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y

.

C
.

C -13



DOE/EIS -0268

T
a
b
l
e

C-1
4
.L-L
a
k
e

-O
f
f
s
i
t
e

m
a
x
i
m
a
l
l
y

e
x
p
o
s
e
d

i
n
d
i
v
i
d
u
a
l

n
o
n
r
a
d
i
o
l
o
g
i
c
a
l

h
a
z
a
r
d

i
n
d
e
x
e
s

a
n
d

c
a
n
c
e
r

r
i
s
k
s

f
r
o
m

a
q
u
e
o
u
s

r
e
l
e
a
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e
.
a

H
a
z
a
r
d

q
u
o
t
i
e
n
t

H
a
z
a
r
d

A
n
n
u
a
l

c
a
n
c
e
r

r
i
s
k

L
i
f
e
t
i
m
e

E
x
p
o
s
u
r
e

P
a
t
h
w
a
y

M
a
n
g
a
n
e
s
e

T
h
a
l
l
i
u
m

A
n
t
i
m
o
n
y

C
a
d
m
i
u
m

L
e
a
d

i
n
d
e
x
b

B
e
r
y
l
l
i
u
m

C
a
d
m
i
u
m

A
r
s
e
n
i
c

c
a
n
c
e
r

r
i
s
k
c

I
n
g
e
s
t
i
o
n

:

D
r
i
n
k
i
n
g

W
a
t
e
r

1
.
9
x
1
0
-
9

1
.
6
x
1
0
-
3

4
.
2
x
1
0
-
6

1
.
3
x
1
0
-
7

1
.
5
x
1
0
-
6

1
.
6
x
1
0
-
3

6
.
7
x
1
0
-
1
2

N
A
D

4
.
2
x
1
0
-
1
1

4
.
9
x
1
0
-
1
1

3
.
4
x
1
0
-
9

F
i
n
f
i
s
h

9
.
3
x
1
0
-
9

2
.
1
x
1
0
-
1

1
.
0
x
1
0
-
5

3
.
3
x
1
0
-
7

1
.
8
x
1
0
-
6

2
.
1
x
1
0
-
1

1
.
6
x
1
0
-
1
2

N
A

5
.
2
x
1
0
-
1
1

5
.
4
x
1
0
-
1
1

3
.
8
x
1
0
-
9

S
w
i
m
m
i
n
g

3
.
1

*1
0
-
1
2

2
.
7
x
1
0
-
6

6
.
9
x
1
0
-
9

2
.
2
x
1
0
-
1
0

2
.
4
x
1
0
-
9

2
.
7
x
1
0
-
6

1
.
1
x
1
0
-
1
4

N
A

6
.
9
x
1
0
-
1
4

8
.
0
x
1
0
-
1
4

5
.
6
x
1
0
-
1
2

S
w
i
m
m
i
n
g

D
e
r
m
a
l

6
.
2
x
1
0
-
1
2

5
.
4
x
1
0
-
7

1
.
4
x
1
0
-
7

8
.
7
x
1
0
-
1
0

9
.
7
x
1
0
-
1
2

6
.
8
x
1
0
-
7

4
.
4
x
1
0
-
1
3

N
A

2
.
7
x
1
0
-
1
4

4
.
7
x
1
0
-
1
3

3
.
3
x
1
0
-
1
1

S
h
o
r
e
l
i
n
e

D
e
r
m
a
l

4
.
1
x
1
0
-
1
4

3
.
6
x
1
0
-
9

9
.
2
x
1
0
-
1
0

5
.
8
x
1
0
-
1
1

1
.
6
x
1
0
-
1
1

4
.
6
x
1
0
-
9

3
.
0
x
1
0
-
1
5

N
A

1
.
8
x
1
0
-
1
6

3
.
2
x
1
0
-
1
5

2
.
2
x
1
0
-
1
3

S
h
o
r
e
l
i
n
e

8
.
2
x
1
0
-
1
4

7
.
3
x
1
0
-
8

1
.
8
x
1
0
-
1
0

5
.
8
x
1
0
-
1
2

6
.
5
x
1
0
-
1
1

7
.
3
x
1
0
-
8

3
.
0
x
1
0
-
1
6

N
A

1
.
8
x
1
0
-
1
5

2
.
1

*1
0
-
1
5

1
.
5
x
1
0
-
1
3

T
o
t
a
l

1
.
1
x
1
0
-
8

2
.
1

*1
0
-
1

1
.
4
x
1
0
-
5

4
.
6
x
1
0
-
7

3
.
3
x
1
0
-
6

2
.
1
x
1
0
-
1

8
.
8
x
1
0
-
1
2

0
.
0
x
1
0
0

9
.
4
x
1
0
-
1
1

1
.
0

*1
0
-
1
0

7
.
2
x
1
0
-
9

a.

b.

I
m
p
a
c
t
s

tot
h
e

m
a
x
i
m
a
l
l
y

e
x
p
o
s
e
d

i
n
d
i
v
i
d
u
a
l

r
e
s
u
l
t

f
r
o
m

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

c
o
n
t
a
m
i
n
a
n
t
s

int
h
e

e
x
p
o
s
e
d

L-L
a
k
e

s
e
d
i
m
e
n
t
s

.

H
a
z
a
r
d

i
n
d
e
x

i
s
t
h
e

s
u
m

o
f

h
a
z
a
r
d

q
u
o
t
i
e
n
t
s

a
d
d
e
d

a
c
r
o
s
s

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y
s

o
r

p
o
l
l
u
t
a
n
t
s

.

B
a
s
e
d

o
n

a7
0

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

n
o
t

a
p
p
l
i
c
a
b
l
e

;c
a
d
m
i
u
m

i
s
n
o
t

a
n

i
n
g
e
s
t
i
o
n

c
a
r
c
i
n
o
g
e
n

.
c. d.

N
A

C - 14



DOE/EIS -0268

T
a
b
l
e

C-1
5

.L-L
a
k
e

-I
n
v
o
l
v
e
d

w
o
r
k
e
r

(c
u
r
r
e
n
t

u
s
e

)r
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

e
f
f
e
c
t
s
.
a

A
n
n
u
a
l

d
o
s
e

(r
e
m

)
P
r
o
b
a
b
i
l
i
t
y

L
i
f
e
t
i
m
e

P
r
o
b
a
b
i
l
i
t
y

P
o
p
u
l
a
t
i
o
n

N
u
m
b
e
r

P
o
p
u
l
a
t
i
o
n

N
u
m
b
e
r

P
u

-2
3
9

/
U-2
3
3
1

o
f

f
a
t
a
l

d
o
s
c

o
f

f
a
t
a
l

a
n
n
u
a
l

d
o
s
e

o
f

f
a
t
a
l

l
i
f
e
t
i
m
e

d
o
s
e

o
f

f
a
t
a
l

E
x
p
o
s
u
r
e

P
a
t
h
w
a
y

C
s

-1
3
7

C
o

-6
0
2
4
0

P
m

-1
4
6

2
3
4

T
o
t
a
l

c
a
n
c
e
r
b

(r
e
m

)c
a
n
c
e
r
b

(p
e
r
s
o
n

-r
e
m

)dc
a
n
c
e
r
s
b

(p
e
r
s
o
n

-r
e
m

),dc
a
n
c
e
r
s
b

I
n
g
e
s
t
i
o
n

:

S
o
i
l

1
.
6
x
1
0
-
7

1
.
4
x
1
0
-
9

5
.
9
x
1
0
-
8

1
.
3
x
1
0
-
1
1

1
.
3
x
1
0
-
7

3
.
5

*1
0
-
7

1
.
4
x
1
0
-
1
0

1
.
7
x
1
0
-
6

6
.
8

*1
0
-
1
0

2
.
5
x
1
0
-
5

9
.
8

*1
0
-
9

1
.
2

1
0
-
4

4
.
8
x
1
0
-
8

S
o
i
l

D
e
r
m
a
l

1
.
4

*1
0
-
8

3
.
1
x
1
0
-
1
0

4
.
9
x
1
0
-
6

1
.
9
x
1
0
-
1
0

2
.
5

*1
0
-
7

5
.
2
x
1
0
-
6

2
.
1

*1
0
-
9

2
.
6
x
1
0
-
5

1
.
0
x
1
0
-
8

3
.
6
x
1
0
-
4

1
.
5
x
1
0
-
7

1
.
8
x
1
0
-
3

7
.
3
x
1
0
-
7

S
u
b
t
o
t
a
l

1
.
7
x
1
0
-
7

1
.
7
x
1
0
-
9

5
.
0
x
1
0
-
6

2
.
0
x
1
0
-
1
0

3
.
8
x
1
0
-
7

5
.
6
x
1
0
-
6

2
.
2
x
1
0
-
9

2
.
8
x
1
0
-
5

1
.
1
x
1
0
-
8

3
.
9
x
1
0
-
4

1
.
6
x
1
0
-
2

1
.
9
x
1
0
-
3

7
.
8
x
1
0
-
7

I
n
h
a
l
a
t
i
o
n

:

R
e
s
u
s
p
e
n
s
i
o
n

2
.
1
x
1
0
-
9

2
.
2
x
1
0
-
1
0

1
.
4
x
1
0
-
7

1
.
1
x
1
0
-
1
1

1
.
2
x
1
0
-
6

1
.
3
x
1
0
-
6

5
.
4
x
1
0
-
1
0

6
.
7
x
1
0
-
6

2
.
7
x
1
0
-
9

9
.
4
x
1
0
-
5

3
.
8
x
1
0
-
8

4
.
7
x
1
0
-
4

1
.
9
x
1
0
-
7

S
u
b
t
o
t
a
l

2
.
1

*1
0
-
9

2
.
2
x
1
0
-
1
0

1
.
4
x
1
0
-
7

1
.
1
x
1
0
-
1
1

1
.
2
x
1
0
-
6

1
.
3
x
1
0
-
6

5
.
4

*1
0
-
1
0

6
.
7
x
1
0
-
6

2
.
7
x
1
0
-
9

9
.
4
x
1
0
-
5

3
.
8
x
1
0
-
8

4
.
7

*1
0
-
4

1
.
9
x
1
0
-
7

E
x
t
e
r
n
a
l

:

S
o
i
l

2
.
2
x
1
0
-
4

1
.
5
x
1
0
-
5

7
.
9
x
1
0
-
1
0

3
.
5
x
1
0
-
7

4
.
1
x
1
0
-
8

2
.
4
x
1
0
-
4

9
.
4
x
1
0
-
8

1
.
1
x
1
0
-
3

4
.
4
x
1
0
-
7

1
.
6

*1
0
-
2

7
.
7

*1
0
-
2

3
.
1
x
1
0
-
5

6
.
6
x
1
0
-
6

6
.
6
x
1
0
-
6

S
u
b
t
o
t
a
l

2
.
2
x
1
0
-
4

1
.
5
x
1
0
-
5

7
.
9
x
1
0
-
1
0

3
.
5
x
1
0
-
7

4
.
1
x
1
0
-
8

2
.
4
x
1
0
-
4

9
.
4
x
1
0
-
8

1
.
1

*1
0
-
3

4
.
4
x
1
0
-
7

1
.
6
x
1
0
-
2

7
.
7
x
1
0
-
2

3
.
1
x
1
0
-
5

T
o
t
a
l

2
.
2
x
1
0
-
4

1
.
5
x
1
0
-
5

5
.
1
x
1
0
-
6

3
.
5
x
1
0
-
7

1
.
6
x
1
0
-
6

2
.
4
x
1
0
-
4

9
.
7
x
1
0
-
8

1
.
1
x
1
0
-
3

4
.
5
x
1
0
-
7

1
.
7
x
1
0
-
2

6
.
8
x
1
0
-
6

7
.
9
x
1
0
-
2

3
.
2
x
1
0
-
5

a.

b.

F
o
r

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

i
n
v
o
l
v
e
d

w
o
r
k
e
r

e
x
p
o
s
u
r
e
s

r
e
s
u
l
t

f
r
o
m

d
i
r
e
c
t

c
o
n
t
a
c
t

w
i
t
h

a
n
d

a
t
m
o
s
p
h
e
r
i
c

r
e
s
u
s
p
e
n
s
i
o
n

o
f

t
h
e

e
x
p
o
s
e
d

L -L
a
k
e

s
e
d
i
m
e
n
t
s

.

B
a
s
e
d

o
n

ar
i
s
k

o
f
0
.
0
0
0
4

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).

B
a
s
e
d

o
n

a5-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

T
h
e

n
u
i
n
b
e
r

o
f
i
n
v
o
l
v
e
d

w
o
r
k
e
r
s

i
s
e
s
t
i
m
a
t
e
d

t
o
b
e

7
0

.

c. d.

C -15



DOE /EIS -0268

T
a
b
l
e

C-1
6
.L-L
a
k
e

- I
n
v
o
l
v
e
d

w
o
r
k
e
r

(f
u
t
u
r
e

u
s
e

)r
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

e
f
f
e
c
t
s
.
a

A
n
n
u
a
l

d
o
s
e

(r
e
m

)

P
u

-2
3
9

/

2
4
0

P
m

-1
4
6

P
o
p
u
l
a
t
i
o
n

P
o
p
u
l
a
t
i
o
n

l
i
f
e
t
i
m
e

P
r
o
b
a
b
i
l
i
t
y

L
i
f
e
t
i
m
e

P
r
o
b
a
b
i
l
i
t
y

a
n
n
u
a
l

d
o
s
e

N
u
m
b
e
r

o
f d
o
s
e

o
f

f
a
t
a
l

d
o
s
e

o
f

f
a
t
a
l

(p
e
r
s
o
n

f
a
t
a
l

(p
e
r
s
o
n

(r
e
m

)c
a
n
c
e
r
b

r
e
m

)c
a
n
c
e
r
s
b

r
e
m

)c,d

U-2
3
3

/

2
3
4

N
u
m
b
e
r

o
f

f
a
t
a
l

c
a
n
c
e
r
s
b

C
s

-1
3
7

C
o

-6
0

T
o
t
a
l

c
a
n
c
e
r
b

E
x
p
o
s
u
r
e

P
a
t
h
w
a
y

I
n
g
e
s
t
i
o
n

:

S
o
i
l

5
.
4

*1
0
-
4

3
.
6
x
1
0
-
6

3
.
0
x
1
0
-
8

1
.
3
x
1
0
-
6

3
.
0
x
1
0
-
1
0

2
.
8
x
1
0
-
6

7
.
7
x
1
0
-
6

3
.
1

*1
0
-
9

1
.
7
x
1
0
-
4

6
.
8
x
1
0
-
8

2
.
3
x
1
0
-
7

5
.
1

*1
0
-
9

8
.
2
x
1
0
-
5

3
.
2
x
1
0
-
9

4
.
2
x
1
0
-
6

8
.
7
x
1
0
-
5

3
.
5

*1
0
-
8

2
.
2
x
1
0
-
3

8
.
7
x
1
0
-
7

3
.
8
x
1
0
-
6

3
.
5
x
1
0
-
8

8
.
3
x
1
0
-
5

3
.
5
x
1
0
-
9

7
.
0
x
1
0
-
6

9
.
4
x
1
0
-
5

3
.
8
x
1
0
-
8

2
.
3
x
1
0
-
3

9
.
3
x
1
0
-
7

2
.
2
x
1
0
-
7

1
.
2
x
1
0
-
2

4
.
8
x
1
0
-
6

2
.
4
x
1
0
-
6

1
.
5
x
1
0
-
1

6
.
1
x
1
0
-
5

S
o
i
l

D
e
r
m
a
l

6
.
1
x
1
0
-
3

S
u
b
t
o
t
a
l

6
.
6
x
1
0
-
3

2
.
6
x
1
0
-
6

1
.
6

*1
0
-
1

6
.
5
x
1
0
-
5

I
n
h
a
l
a
t
i
o
n

:

R
e
s
u
s
p
e
n
s
i
o
n

2
.
0
x
1
0
-
3

8
.
2
x

1
0
-
7

5
.
1

*1
0
-
2

2
.
0
x
1
0
-
5

4
.
6
x
1
0
-
8

4
.
9
x
1
0
-
9

3
.
2
x
1
0
-
6

2
.
3
x
1
0
-
1
0

2
.
6
x
1
0
-
5

2
.
9
x
1
0
-
5

1
.
2
x
1
0
-
8

7
.
3
x
1
0
-
4

2
.
9
x
1
0
-
7

4
.
6
x
1
0
-
8

4
.
9
x
1
0
-
9

3
.
2
x
1
0
-
6

2
.
3
x
1
0
-
1
0

2
.
6
x
1
0
-
5

2
.
9
x
1
0
-
5

1
.
2
x
1
0
-
8

7
.
3
x
1
0
-
4

2
.
9
x
1
0
-
7

S
u
b
t
o
t
a
l

2
.
0
x
1
0
-
3

8
.
2
x
1
0
-
7

5
.
1

*1
0
-
2

2
.
0
x
1
0
-
5

E
x
t
e
r
n
a
l

:

S
o
i
l

2
.
9
x
1
0
0

1
.
1

*1
0
-
3

5
.
2
x
1
0
1

2
.
1
x
1
0
-
2

S
u
b
t
o
t
a
l

3
.
8

*1
0
-
2

2
.
8
x
1
0
-
3

1
.
4
x
1
0
-
7

6
.
2
x
1
0
-
5

7
.
2
x
1
0
-
6

4
.
1

*1
0
-
2

1
.
6
x
1
0
-
5

7
.
4

*1
0
-
1

3
.
0
x
1
0
-
4

3
.
8
x
1
0
-
2

2
.
8
x
1
0
-
3

1
.
4
x
1
0
-
7

6
.
2
x
1
0
-
5

7
.
2
x
1
0
-
6

4
.
1

*1
0
-
2

1
.
6
x
1
0
-
5

7
.
4
x
1
0
-
1

3
.
0
x
1
0
-
4

3
.
8

*1
0
-
2

2
.
8
x
1
0
-
3

8
.
7
x
1
0
-
5

6
.
2
x
1
0
-
5

4
.
0
x
1
0
-
5

4
.
1

*1
0
-
2

1
.
6
x
1
0
-
5

7
.
5
x
1
0
-
1
3
.
0

*1
0
-
4

2
.
9
x
1
0
0

1
.
1
x
1
0
-
3

5
.
2
x
1
0
1

2
.
1
x
1
0
-
2

T
o
t
a
l

2
.
9
x
1
0
0

1
.
1
x
1
0
-
3

5
.
2
x
1
0
1

2
.
1
x
1
0
-
2

a.

b.

F
o
r

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

i
n
v
o
l
v
e
d

w
o
r
k
e
r

e
x
p
o
s
u
r
e
s

r
e
s
u
l
t

f
r
o
m

d
i
r
e
c
t

c
o
n
t
a
c
t

w
i
t
h

a
n
d

a
t
m
o
s
p
h
e
r
i
c

r
e
s
u
s
p
e
n
s
i
o
n

o
f

t
h
e

e
x
p
o
s
e
d

L-L
a
k
e

s
e
d
i
m
e
n
t
s

.

B
a
s
e
d

o
n

ar
i
s
k

o
f

0
.
0
0
0
4

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).

B
a
s
e
d

o
n

a2
5

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

T
h
e

n
u
m
b
e
r

o
f
i
n
v
o
l
v
e
d

w
o
r
k
e
r
s

i
s
e
s
t
i
m
a
t
e
d

t
o
b
e

7
0

.

C
.

d.

C - 16



DOE /EIS -0268

T
a
b
l
e

C-1
7

.L-L
a
k
e

-U
n
i
n
v
o
l
v
e
d

w
o
r
k
e
r

(L-A
r
e
a

)r
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

e
f
f
e
c
t
s
.
a

P
o
p
u
l
a
t
i
o
n

P
o
p
u
l
a
t
i
o
n

a
n
n
u
a
l

l
i
f
e
t
i
m
e

A
n
n
u
a
l

d
o
s
e

(r
e
m

)b
P
r
o
b
a
b
i
l
i
t
y

L
i
f
e
t
i
m
e

P
r
o
b
a
b
i
l
i
t
y

d
o
s
e

N
u
m
b
e
r

o
f

d
o
s
e

N
u
m
b
e
r

o
f

P
u

-2
3
9
1

o
f

f
a
t
a
l

d
o
s
c

o
f

f
a
t
a
l

(p
e
r
s
o
n

f
a
t
a
l

(p
e
r
s
o
n

f
a
t
a
l

E
x
p
o
s
u
r
e

P
a
t
h
w
a
y

C
s

-1
3
7

C
o

-6
0
2
4
0

P
i
n

-1
4
6

U-2
3
3

/2
3
4

T
o
t
a
l

c
a
n
c
e
r
c

(r
e
m

)d
c
a
n
c
e
r

r
e
m

) c
a
n
c
e
r
s

r
e
m

)d,
c
a
n
c
e
r
s

I
n
g
e
s
t
i
o
n

:

S
o
i
l

2
.
9
x
1
0
-
1
1

2
.
4
x
1
0
-
1
3

1
.
0
x
1
0
-
1
1

2
.
3
x
1
0
-
1
5

2
.
3
x
1
0
-
1
1

6
.
3
x
1
0
-
1
1

2
.
5
x
1
0
-
1
4

1
.
4
x
1
0
-
9

5
.
6
x
1
0
-
1
3

1
.
6
x
1
0
-
8

6
.
3
x
1
0
-
1
2

3
.
5
x
1
0
-
7

1
.
4
x
1
0
-
1
0

S
o
i
l

D
e
r
m
a
l

1
.
8
x
1
0
-
1
2

4
.
1
x
1
0
-
1
4

6
.
6
x
1
0
-
1
0

2
.
5
x
1
0
-
1
4

4
.
2
x
1
0
-
1
0

1
.
1

*1
0
-
9

4
.
3
x
1
0
-
1
3

2
.
7
x
1
0
-
8

1
.
1

*1
0
-
1
1

2
.
7
x
1
0
-
7

1
.
1
x
1
0
-
1
0

6
.
8
x
1
0
-
6

2
.
7
x
1
0
-
9

S
u
b
t
o
t
a
l

3
.
1
x
1
0
-
1
1

2
.
8
x
1
0
-
1
3

6
.
7
x
1
0
-
1
0

2
.
7
x
1
0
-
1
4

4
.
4
x
1
0
-
1
0

1
.
1
x
1
0
-
9

4
.
6
x
1
0
-
1
3

2
.
8
x
1
0
-
8

1
.
1
x
1
0
-
1
1

2
.
9
x
1
0
-
7

1
.
1

*1
0
-
1
0

7
.
1
x
1
0
-
6

2
.
9
x
1
0
-
9

I
n
h
a
l
a
t
i
o
n

:

A
i
r

R
e
s
u
s
p
e
n
s
i
o
n

1
.
7
x
1
0
-
9

1
.
8
x
1
0
-
1
0

1
.
1

*1
0
-
7

8
.
5
x
1
0
-
1
2

1
.
0
x
1
0
-
6

1
.
1
x
1
0
-
6

4
.
4
x
1
0
-
1
0

2
.
8
x
1
0
-
5

1
.
1
x
1
0
-
8

2
.
8

*1
0
-
4

1
.
1
x
1
0
-
7

7
.
0
x
1
0
-
3

2
.
8
x
1
0
-
6

1
.
8
x
1
0
-
1
1

1
.
9
x
1
0
-
1
2

1
.
2
x
1
0
-
9

9
.
2
x
1
0
-
1
4

1
.
1
x
1
0
-
8

1
.
2
x
1
0
-
8

4
.
8
x
1
0
-
1
2

3
.
0
x
1
0
-
7

1
.
2
x
1
0
-
1
0

3
.
0
x
1
0
-
6

1
.
2
x
1
0
-
9

7
.
5
x
1
0
-
5

3
.
0
x
1
0
-
8

1
.
7

*1
0
-
9

1
.
8
x
1
0
-
1
0

1
.
1

*1
0
-
7

8
.
6
x
1
0
-
1
2

1
.
0
x
1
0
-
6

1
.
1
x
1
0
-
6

4
.
5
x
1
0
-
1
0

2
.
8
x
1
0
-
5

1
.
1
x
1
0
-
8

2
.
8

*1
0
-
4

1
.
1
x
1
0
-
7

7
.
0
x
1
0
-
3

2
.
8
x
1
0
-
6

S
u
b
t
o
t
a
l

E
x
t
e
r
n
a
l

:

S
o
i
l

A
i
r

3
.
1
x
1
0
-
7

2
.
2
x
1
0
-
8

1
.
1
x
1
0
-
1
2

4
.
9
x
1
0
-
1
0

9
.
9
x
1
0
-
1
1

3
.
3
x
1
0
-
7

1
.
3
x
1
0
-
1
0

6
.
1
x
1
0
-
6

2
.
4
x
1
0
-
9

8
.
3
x
1
0
-
5

3
.
3
x
1
0
-
8

1
.
5

*1
0
-
3

6
.
1

*1
0
-
7

1
.
4
x
1
0
-
1
1

1
.
1
x
1
0
-
1
2

1
.
2
x
1
0
-
1
7

2
.
2
x
1
0
-
1
4

2
.
5
x
1
0
-
1
5

1
.
5

*1
0
-
1
1

6
.
0
x
1
0
-
1
5

2
.
7
x
1
0
-
1
0

1
.
1
x
1
0
-
1
3

3
.
8
x
1
0
-
9

1
.
5

*1
0
-
1
2

6
.
9
x
1
0
-
8

2
.
8
x
1
0
-
1
1

3
.
1
x
1
0
-
7

2
.
2
x
1
0
-
8

1
.
1

*1
0
-
1
2

4
.
9
x
1
0
-
1
0

9
.
9
x
1
0
-
1
1

3
.
3
x
1
0
-
7

1
.
3
x
1
0
-
1
0

6
.
1
x
1
0
-
6

2
.
4
x
1
0
-
9

8
.
3
x
1
0
-
5

3
.
3
x
1
0
-
8

1
.
5
x
1
0
-
3

6
.
1

* 1
0
-
7

3
.
1

*1
0
-
7

2
.
2
x
1
0
-
8

1
.
1
x
1
0
-
7

5
.
0

*1
0
-
1
0

1
.
0
x
1
0
-
6

1
.
5
x
1
0
-
6

5
.
8
x
1
0
-
1
0

3
.
4
x
1
0
-
5

1
.
4
x
1
0
-
8

3
.
7
x
1
0
-
4

1
.
5
x
1
0
-
7

8
.
6
x
1
0
-
3

3
.
4
x
1
0
-
6

S
u
b
t
o
t
a
l

T
o
t
a
l

a. b. C
.

d.

F
o
r

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

u
n
i
n
v
o
l
v
e
d

w
o
r
k
e
r

ise
x
p
o
s
e
d

b
y

t
h
e

a
t
m
o
s
p
h
e
r
i
c

t
r
a
n
s
p
o
r
t

o
f

e
x
p
o
s
e
d

L-L
a
k
e

s
e
d
i
m
e
n
t
s

.

T
h
e

m
a
x
i
m
a
l
l
y

e
x
p
o
s
e
d

u
n
i
n
v
o
l
v
e
d

w
o
r
k
e
r

i
s
l
o
c
a
t
e
d

a
t

L-A
r
e
a

.

B
a
s
e
d

o
n

ar
i
s
k

o
f
0
.
0
0
0
4

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).

B
a
s
e
d

o
n
a2
5

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

L-A
r
e
a

.T
o
t
a
l

u
n
i
n
v
o
l
v
e
d

w
o
r
k
e
r
s

e
s
t
i
m
a
t
e
d

tob
c

2
5
1

(S
i
m
p
k
i
n
s

1
9
9
6

).
e.

C -17



DOE /EIS -0268

c
a
n
c
e
r
b

T
a
b
l
e

C-1
8

.L-L
a
k
e

-U
n
i
n
v
o
l
v
e
d

w
o
r
k
e
r

(P-A
r
e
a

)r
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

e
f
f
e
c
t
s
.
a

P
o
p
u
l
a
t
i
o
n

P
o
p
u
l
a
t
i
o
n

a
n
n
u
a
l

l
i
f
e
t
i
m
e

A
n
n
u
a
l

d
o
s
e

(r
e
m

)
P
r
o
b
a
b
i
l
i
t
y

L
i
f
e
t
i
m
e

P
r
o
b
a
b
i
l
i
t
y

d
o
s
e

N
u
m
b
e
r

d
o
s
e

N
u
m
b
e
r

o
f

P
u

-2
3
9
1

o
f

f
a
t
a
l

d
o
s
c

o
f

f
a
t
a
l

(p
e
r
s
o
n

o
f

f
a
t
a
l

(p
e
r
s
o
n

f
a
t
a
l

E
x
p
o
s
u
r
e

P
a
t
h
w
a
y

C
s

-1
3
7

C
o

-6
0
2
4
0

P
m

-1
4
6

U-2
3
3

/2
3
4

T
o
t
a
l

(r
e
m

)c
a
n
c
e
r
b

r
e
m

) c
a
n
c
e
r
s
b

r
e
m

)c,dc
a
n
c
e
r
s
b

I
n
g
e
s
t
i
o
n

:

S
o
i
l

8
.
5
x
1
0
-
1
2

7
.
1
x
1
0
-
1
4

3
.
1

*1
0
-
1
2

7
.
0
x
1
0
-
1
6

7
.
0

*1
0
-
1
2

1
.
9
x
1
0
-
1
1

7
.
5

*1
0
-
1
5

4
.
1

*1
0
-
1
0

1
.
7
x
1
0
-
1
3

2
.
0

*1
0
-
9

7
.
9
x
1
0
-
1
3

4
.
4
x
1
0
-
8

1
.
7
x
1
0
-
1
1

S
o
i
l

D
e
r
m
a
l

5
.
3
x
1
0
-
1
3

1
.
2
x
1
0
-
1
4

2
.
0

*1
0
-
1
0

7
.
5

*1
0
-
1
5

1
.
3
x
1
0
-
1
0

3
.
3
x
1
0
-
1
0

1
.
3
x
1
0
-
1
3

8
.
1

*1
0
-
9

3
.
3
x
1
0
-
1
2

3
.
4

*1
0
-
8

1
.
4

*1
0
-
1
1

8
.
5
x
1
0
-
7

3
.
4
x
1
0
-
1
0

S
u
b
t
o
t
a
l

9
.
0
x
1
0
-
1
2

8
.
3
x
1
0
-
1
4

2
.
0
x
1
0
-
1
0

8
.
2
x
1
0
-
1
5

1
.
3
x
1
0
-
1
0

3
.
4
x
1
0
-
1
0

1
.
4
x
1
0
-
1
3

8
.
5
x
1
0
-
9

3
.
4

*1
0
-
1
2

3
.
6
x
1
0
-
8

1
.
4
x
1
0
-
1
1

9
.
0
x
1
0
-
7

3
.
6

*1
0
-
1
0

I
n
h
a
l
a
t
i
o
n

:

5
.
0

*1
0
-
1
0

5
.
3
x
1
0
-
1
1

3
.
4
x
1
0
-
8

2
.
5
x
1
0
-
1
2

3
.
0
x
1
0
-
7

3
.
4
x
1
0
-
7

1
.
3
x
1
0
-
1
0

8
.
4
x
1
0
-
6

3
.
4
x
1
0
-
9

3
.
5
x
1
0
-
5

1
.
4
x
1
0
-
8

8
.
8

*1
0
-
4

3
.
5
x

1
0
-
7

R
e
s
u
s
p
e
n
s
i
o
n

5
.
4
x
1
0
-
1
2

5
.
7
x
1
0
-
1
3

3
.
7
x
1
0
-
1
0

2
.
7
x
1
0
-
1
4

3
.
2
x
1
0
-
9

3
.
6
x
1
0
-
9

1
.
4
x
1
0
-
1
2

9
.
0
x
1
0
-
8

3
.
6
x
1
0
-
1
1

3
.
8
x
1
0
-
7

1
.
5
x
1
0
-
1
0

9
.
5
x
1
0
-
6

3
.
8
x
1
0
-
9

S
u
b
t
o
t
a
l

5
.
1

*1
0
-
1
0

5
.
4

*1
0
-
1
1

3
.
4
x
1
0
-
8

2
.
5
x
1
0
-
1
2

3
.
0
x
1
0
-
7

3
.
4
x
1
0
-
7

1
.
3
x
1
0
-
1
0

8
.
5
x
1
0
-
6

3
.
4
x
1
0
-
9

3
.
6
x
1
0
-
5

1
.
4
x
1
0
-
8

8
.
9
x
1
0
-
4

3
.
6
x
1
0
-
7

E
x
t
e
r
n
a
l

:

S
o
i
l

9
.
1
x
1
0
-
8

6
.
5

*1
0
-
9

3
.
4
x
1
0
-
1
3

1
.
4
x
1
0
-
1
0

2
.
9
x
1
0
-
1
1

9
.
8
x
1
0
-
8

3
.
9
x
1
0
-
1
1

1
.
8
x
1
0
-
6

7
.
1
x
1
0
-
1
0

1
.
0
x
1
0
-
5

4
.
1
x
1
0
-
9

1
.
9
x
1
0
-
4

7
.
5
x
1
0
-
8

4
.
3
x
1
0
-
1
2

3
.
3
x
1
0
-
1
3

3
.
6
x
1
0
-
1
8

6
.
6
x
1
0
-
1
5

7
.
6
x
1
0
-
1
6

4
.
6
x
1
0
-
1
2

1
.
9
x
1
0
-
1
5

8
.
4
x
1
0
-
1
1

3
.
4
x
1
0
-
1
4

4
.
9
x
1
0
-
1
0

1
.
9
x
1
0
-
1
3

8
.
8
x
1
0
-
9

3
.
5

*1
0
-
1
2

S
u
b
t
o
t
a
l

9
.
1

1
0
-
8

6
.
5

*1
0
-
9

3
.
4
x
1
0
-
1
3

1
.
4
x
1
0
-
1
0

2
.
9
x
1
0
-
1
1

9
.
8
x
1
0
-
8

3
.
9
x
1
0
-
1
1

1
.
8
x
1
0
-
6

7
.
1
x
1
0
-
1
0

1
.
0

*1
0
-
5

4
.
1

*1
0
-
9

1
.
9

*1
0
-
4

7
.
5
x
1
0
-
8

T
o
t
a
l

9
.
2
x
1
0
-
8

6
.
6
x
1
0
-
9

3
.
5
x
1
0
-
8

1
.
5

*1
0
-
1
0

3
.
0
x
1
0
-
7

4
.
4
x
1
0
-
7

1
.
7
x
1
0
-
1
0

1
.
0
x
1
0
-
5

4
.
1

*1
0
-
9

4
.
6
x
1
0
-
5

1
.
8
x
1
0
-
8

1
.
1
x
1
0
-
3

4
.
3
x
1
0
-
7

A
i
r

A
i
r

a.

b. C
.

d.

F
o
r

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

u
n
i
n
v
o
l
v
e
d

w
o
r
k
e
r

i
s
e
x
p
o
s
e
d

b
y

t
h
e

a
t
m
o
s
p
h
e
r
i
c

t
r
a
n
s
p
o
r
t

o
f
e
x
p
o
s
e
d

L-L
a
k
e

s
e
d
i
m
e
n
t
s

.

B
a
s
e
d

o
n

ar
i
s
k

o
f
0
.
0
0
0
4

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).

B
a
s
e
d

o
n

a2
5

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

P-A
r
e
a

.T
o
t
a
l

u
n
i
n
v
o
l
v
e
d

w
o
r
k
e
r
s

e
s
t
i
m
a
t
e
d

t
o
b
e

1
0
5

(S
i
m
p
k
i
n
s

1
9
9
6

).

C - 18



DOE /EIS -0268

c
a
n
c
e
r
b

T
a
b
l
e

C-1
9

.L-L
a
k
e

-U
n
i
n
v
o
l
v
e
d

w
o
r
k
e
r

(R-A
r
e
a

)r
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

e
f
f
e
c
t
s
.
a

P
o
p
u
l
a
t
i
o
n

P
o
p
u
l
a
t
i
o
n

a
n
n
u
a
l

l
i
f
e
t
i
m
e

A
n
n
u
a
l

d
o
s
e

( r
e
m

)
P
r
o
b
a
b
i
l
i
t
y

L
i
f
e
t
i
m
e

P
r
o
b
a
b
i
l
i
t
y

d
o
s
c

N
u
m
b
e
r

d
o
s
e

N
u
m
b
e
r

P
u

-2
3
9
1

o
f

f
a
t
a
l

d
o
s
e

o
f

f
a
t
a
l

(p
e
r
s
o
n

o
f

f
a
t
a
l

(p
e
r
s
o
n

o
f

f
a
t
a
l

E
x
p
o
s
u
r
e

P
a
t
h
w
a
y

C
s

-1
3
7

C
o

-6
0

2
4
0

P
m

-1
4
6

U-2
3
3

/2
3
4

T
o
t
a
l

(r
e
m

)c
a
n
c
e
r
b

r
e
m

)c
a
n
c
e
r
s
b r
e
m

),
c
a
n
c
e
r
s
b

I
n
g
e
s
t
i
o
n

:

S
o
i
l

3
.
2
x
1
0
-
1
2

2
.
7
x
1
0
-
1
4

1
.
2
x
1
0
-
1
2

1
.
2
x
1
0
-
1
2

2
.
7
x
1
0
-
1
2

7
.
1
x
1
0
-
1
2

2
.
8
x
1
0
-
1
5

1
.
6
x
1
0
-
1
0

6
.
3
x
1
0
-
1
4

3
.
5
x
1
0
-
1
1

1
.
4
x
1
0
-
1
4

7
.
9
x
1
0
-
1
0

3
.
1

*1
0
-
1
3

S
o
i
l

D
e
r
m
a
l

2
.
0
x
1
0
-
1
3

4
.
5

*1
0
-
1
5

7
.
5

*1
0
-
1
1

2
.
8
x
1
0
-
1
5

4
.
6
x
1
0
-
1
1

1
.
2
x
1
0
-
1
0

4
.
9
x
1
0
-
1
4

3
.
0
x
1
0
-
9

1
.
2
x
1
0
-
1
2

6
.
1

*1
0
-
1
0

2
.
4
x
1
0
-
1
3

1
.
5
x
1
0
-
8

6
.
1

*1
0
-
1
2

S
u
b
t
o
t
a
l

3
.
4

*1
0
-
1
2

3
.
2
x
1
0
-
1
4

7
.
7
x
1
0
-
1
1

3
.
1

*1
0
-
1
5

4
.
9
x
1
0
-
1
1

1
.
3
x
1
0
-
1
0

5
.
1
x
1
0
-
1
4

3
.
2
x
1
0
-
9

1
.
3
x
1
0
-
1
2

6
.
4
x
1
0
-
1
0

2
.
6
x
1
0
-
1
3

1
.
6
x
1
0
-
8

6
.
4
x
1
0
-
1
2

I
n
h
a
l
a
t
i
o
n

:

A
i
r

1
.
7
x
1
0
-
1
0

1
.
8
x
1
0
-
1
1

1
.
2
x
1
0
-
8

8
.
9
x
1
0
-
1
3

1
.
0

*1
0
-
7

1
.
2
x
1
0
-
7

4
.
7
x
1
0
-
1
1

2
.
9
x
1
0
-
6

1
.
2
x
1
0
-
9

5
.
8
x
1
0
-
7

2
.
3
x
1
0
-
1
0

1
.
5

*1
0
-
5

5
.
8
x
1
0
-
9

R
e
s
u
s
p
e
n
s
i
o
n

2
.
0
x
1
0
-
1
2

2
.
1

*1
0
-
1
3

1
.
4

*1
0
-
1
0

1
.
0
x
1
0
-
1
4

1
.
2
x
1
0
-
9

1
.
3
x
1
0
-
9

5
.
3
x
1
0
-
1
3

3
.
3
x
1
0
-
8

1
.
3
x
1
0
-
1
1

6
.
6
x
1
0
-
9

2
.
7
x
1
0
-
1
2

1
.
7
x
1
0
-
7

6
.
6

*1
0
-
1
1

S
u
b
t
o
t
a
l

1
.
7
x
1
0
-
1
0

1
.
9
x
1
0
-
1
1

1
.
2
x
1
0
-
8

9
.
0
x
1
0
-
1
3

1
.
1
x
1
0
-
7

1
.
2
x
1
0
-
7

4
.
7
x
1
0
-
1
1

2
.
9
x
1
0
-
6

1
.
2
x
1
0
-
9

5
.
9
x
1
0
-
7

2
.
3
x
1
0
-
1
0

1
.
5

*1
0
-
5

5
.
9
x
1
0
-
9

E
x
t
e
r
n
a
l

:

S
o
i
l

3
.
4
x
1
0
-
8

2
.
4

*1
0
-
9

1
.
3
x
1
0
-
1
3

5
.
5
x
1
0
-
1
1

1
.
1
x
1
0
-
1
1

3
.
6
x
1
0
-
8

1
.
5

*1
0
-
1
1

6
.
6
x
1
0
-
7

2
.
7
x
1
0
-
1
0

1
.
8
x
1
0
-
7

7
.
3
x
1
0
-
1
1

3
.
3
x
1
0
-
6

1
.
3
x
1
0
-
9

A
i
r

1
.
5

*1
0
-
1
2

1
.
1
x
1
0
-
1
3

1
.
2
x
1
0
-
1
8

2
.
3
x
1
0
-
1
5

2
.
6
x
1
0
-
1
6

1
.
6
x
1
0
-
1
2

6
.
5
x
1
0
-
1
6

2
.
9
x
1
0
-
1
1

1
.
2

*1
0
-
1
4

8
.
1

*1
0
-
1
2

3
.
2
x
1
0
-
1
5

1
.
5
x
1
0
-
1
0

5
.
9
x
1
0
-
1
4

S
u
b
t
o
t
a
l

3
.
4

*1
0
-
8

2
.
4
x
1
0
-
9

1
.
3
x
1
0
-
1
3

5
.
5
x
1
0
-
1
1

1
.
1

*1
0
-
1
1

3
.
6
x
1
0
-
8

1
.
5

*1
0
-
1
1

6
.
6
x
1
0
-
7

2
.
7
x
1
0
-
1
0

1
.
8
x
1
0
-
7

7
.
3
x
1
0
-
1
1

3
.
3
x
1
0
-
6

1
.
3
x
1
0
-
9

T
o
t
a
l

3
.
4
x
1
0
-
8

2
.
4
x
1
0
-
9

1
.
2
x
1
0
-
8

5
.
6
x
1
0
-
1
1

1
.
1

*1
0
-
7
1
.
5

*1
0
-
7

6
.
2
x
1
0
-
1
1

3
.
6
x
1
0
-
6

1
.
4
x
1
0
-
9

7
.
7
x
1
0
-
7

3
.
1
x
1
0
-
1
0

1
.
8
x
1
0
-
5

7
.
2
x
1
0
-
9

a.

b.

F
o
r

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

,t
h
c

u
n
i
n
v
o
l
v
e
d

w
o
r
k
e
r

i
s
e
x
p
o
s
e
d

b
y

t
h
e

a
t
m
o
s
p
h
e
r
i
c

t
r
a
n
s
p
o
r
t

o
f
e
x
p
o
s
e
d

L-L
a
k
e

s
e
d
i
m
e
n
t
s

.

B
a
s
e
d

o
n

ar
i
s
k

o
f
0
.
0
0
0
4

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).

B
a
s
e
d

o
n

a2
5

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

R-A
r
c
a

.T
o
t
a
l

u
n
i
n
v
o
l
v
e
d

w
o
r
k
e
r
s

e
s
t
i
m
a
t
e
d

t
o
b
e

f
i
v
e

(S
i
m
p
k
i
n
s

1
9
9
6

).

c. d.

C -19



DOE /EIS -0268

T
a
b
l
e

C-2
0

.L-L
a
k
e

-I
n
v
o
l
v
e
d

w
o
r
k
e
r

(c
u
r
r
e
n
t

u
s
e

)n
o
n
r
a
d
i
o
l
o
g
i
c
a
l

h
a
z
a
r
d

i
n
d
e
x
e
s

a
n
d

c
a
n
c
e
r

r
i
s
k
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e
.
a

H
a
z
a
r
d

q
u
o
t
i
e
n
t

H
a
z
a
r
d

C
a
n
c
e
r

r
i
s
k

L
i
f
c
t
i
m
e

E
x
p
o
s
u
r
e

P
a
t
h
w
a
y

M
a
n
g
a
n
e
s
e

T
h
a
l
l
i
u
m

A
n
t
i
m
o
n
y

L
e
a
d

C
a
d
m
i
u
m

I
n
d
e
x
b

C
a
d
m
i
u
m

B
e
r
y
l
l
i
u
m

A
r
s
e
n
i
c

T
o
t
a
l

a
n
n
u
a
l

c
a
n
c
e
r

r
i
s
k

I
n
g
e
s
t
i
o
n

:

S
o
i
l

9
.
5
x
1
0
-
8

5
.
3
x
1
0
-
3

3
.
8

*1
0
-
4

2
.
3
x
1
0
-
4

4
.
5
x
1
0
-
5

6
.
0
x
1
0
-
3

N
A
D

3
.
1

*1
0
-
9

9
.
7
x
1
0
-
9

1
.
3
x
1
0
-
8

6
.
4
x
1
0
-
8

S
o
i
l

D
e
r
m
a
l

7
.
8
x
1
0
-
8

4
.
5

*1
0
-
4

3
.
2
x
1
0
-
3

9
.
5
x
1
0
-
5

7
.
4

*1
0
-
4

4
.
5

*1
0
-
3

N
A

4
.
9
x
1
0
-
8

1
.
6
x
1
0
-
9

5
.
1

*1
0
-
8

2
.
5
x
1
0
-
7

S
u
b
t
o
t
a
l

1
.
7
x
1
0
-
7

5
.
8
x
1
0
-
3

3
.
5
x
1
0
-
3

3
.
2
x
1
0
-
4

7
.
8

*1
0
-
4

1
.
0
x
1
0
-
2

0
.
0
x
1
0
0

5
.
2
x
1
0
-
8

1
.
1

*1
0
-
8

6
.
4
x
1
0
-
8

3
.
2
x
1
0
-
7

I
n
h
a
l
a
t
i
o
n

:

R
e
s
u
s
p
e
n
s
i
o
n

9
.
4

*1
0
-
8

1
.
1
x
1
0
-
4

7
.
7
x
1
0
-
6

1
.
5
x
1
0
-
5

N
A

1
.
3
x
1
0
-
4

4
.
1

*1
0
-
1
1

1
.
2
x
1
0
-
1
0

1
.
7
x
1
0
-
9

1
.
9
x
1
0
-
9

9
.
3
x
1
0
-
9

S
u
b
t
o
t
a
l

9
.
4
x
1
0
-
8

1
.
1

*1
0
-
4

7
.
7
x
1
0
-
6

1
.
5
x
1
0
-
5

0
.
0
x
1
0
0

1
.
3
x
1
0
-
4

4
.
1
x
1
0
-
1
1

1
.
2
x
1
0
-
1
0

1
.
7
x
1
0
-
9

1
.
9
x
1
0
-
9

9
.
3
x
1
0
-
9

T
o
t
a
l

2
.
7
x
1
0
-
7

5
.
9
x
1
0
-
3

3
.
6
x
1
0
-
3

3
.
4

*1
0
-
4

7
.
8

*1
0
-
4

1
.
1

*1
0
-
2

4
.
1

*1
0
-
1
1

5
.
3
x
1
0
-
8

1
.
3
x
1
0
-
8

6
.
6
x
1
0
-
8

3
.
3
x
1
0
-
7

a.
F
o
r

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

i
n
v
o
l
v
e
d

w
o
r
k
e
r

e
x
p
o
s
u
r
e
s

r
e
s
u
l
t

f
r
o
m

d
i
r
e
c
t

c
o
n
t
a
c
t

w
i
t
h

a
n
d

a
t
m
o
s
p
h
e
r
i
c

r
e
s
u
s
p
e
n
s
i
o
n

o
f
t
h
e

e
x
p
o
s
e
d

L-L
a
k
e

s
e
d
i
m
e
n
t
s

.

H
a
z
a
r
d

i
n
d
e
x

ist
h
e

s
u
m

o
f

h
a
z
a
r
d

q
u
o
t
i
e
n
t
s

a
d
d
e
d

a
c
r
o
s
s

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y
s

o
r

p
o
l
l
u
t
a
n
t
s

.

B
a
s
e
d

o
n

a5-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

N
A

=n
o
t

a
p
p
l
i
c
a
b
l
e

;t
h
e

c
o
n
t
a
m
i
n
a
n
t

i
s
n
o
t

t
r
a
n
s
f
e
r
r
e
d

t
h
r
o
u
g
h

t
h
e

l
i
s
t
e
d

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y

.

b.

C
.

d.

C -20



DOE /EIS -0268

T
a
b
l
e

C-2
1

.L-L
a
k
e

-I
n
v
o
l
v
e
d

w
o
r
k
e
r

(f
u
t
u
r
e

u
s
e

)n
o
n
r
a
d
i
o
l
o
g
i
c
a
l

h
a
z
a
r
d

i
n
d
e
x
e
s

a
n
d

c
a
n
c
e
r

r
i
s
k
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e
.
a

H
a
z
a
r
d

q
u
o
t
i
e
n
t

H
a
z
a
r
d

C
a
n
c
e
r

r
i
s
k

L
i
f
e
t
i
m
e

E
x
p
o
s
u
r
e

P
a
t
h
w
a
y

M
a
n
g
a
n
e
s
e

T
h
a
l
l
i
u
m

A
n
t
i
m
o
n
y

L
e
a
d

C
a
d
m
i
u
m

I
n
d
e
x
b

C
a
d
m
i
u
m

B
e
r
y
l
l
i
u
m

A
r
s
e
n
i
c

T
o
t
a
l

a
n
n
u
a
l

c
a
n
c
e
r

r
i
s
k

I
n
g
e
s
t
i
o
n

:

S
o
i
l

2
.
1
x
1
0
-
6

1
.
2
x
1
0
-
1

8
.
4
x
1
0
-
3

9
.
9
x
1
0
-
4

1
.
3
x
1
0
-
1

N
A
S

2
.
2
x
1
0
-
7

2
.
9
x
1
0
-
7

7
.
2
x
1
0
-
6

5
.
0

*1
0
-
3

1
.
6
x
1
0
-
3

S
o
i
l

D
e
r
m
a
l

1
.
3
x
1
0
-
6

7
.
5

*1
0
-
3

5
.
3
x
1
0
-
2

1
.
2
x
1
0
-
2

7
.
4
x
1
0
-
2

N
A

6
.
8
x
1
0
-
8

8
.
2
x
1
0
-
7

8
.
9
x
1
0
-
7

2
.
7
x
1
0
-
8

2
.
1
x
1
0
-
5

8
.
5
x
1
0
-
7

1
.
1
x
1
0
-
6

S
u
b
t
o
t
a
l

3
.
4
x
1
0
-
6

1
.
3
x
1
0
-
1

6
.
1

*1
0
-
2

6
.
6
x
1
0
-
3

1
.
3
x
1
0
-
2

2
.
1
x
1
0
-
1

0
.
0
x
1
0
0

2
.
5
x
1
0
-
7

2
.
8
x
1
0
-
5

I
n
h
a
l
a
t
i
o
n

:

R
e
s
u
s
p
e
n
s
i
o
n

2
.
1
x
1
0
-
6

2
.
4
x
1
0
-
3

1
.
7

*1
0
-
4

3
.
3
x
1
0
-
4

N
A

2
.
9
x
1
0
-
3

9
.
0
x
1
0
-
1
0

2
.
7
x
1
0
-
9

3
.
7
x
1
0
-
8

4
.
1
x
1
0
-
8

1
.
0
x
1
0
-
6

S
u
b
t
o
t
a
l

2
.
1
x
1
0
-
6

2
.
4
x
1
0
-
3

3
.
3
x
1
0
-
4

0
.
0

1
0
0

2
.
9
x
1
0
-
3

9
.
0
x
1
0
-
1
0

3
.
7
x
1
0
-
8

4
.
1
x
1
0
-
8

1
.
0
x
1
0
-
6

1
.
7

*1
0
-
4

6
.
1

*1
0
-
2

2
.
7
x
1
0
-
9

8
.
9
x
1
0
-
7

T
o
t
a
l

5
.
5
x
1
0
-
6

1
.
3
x
1
0
-
1

6
.
9
x
1
0
-
3

1
.
3
x
1
0
-
2

2
.
1
x
1
0
-
1

9
.
0
x
1
0
-
1
0

2
.
8
x
1
0
-
7

1
.
2
x
1
0
-
6

2
.
9
x
1
0
-
5

a. b.

F
o
r

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

i
n
v
o
l
v
e
d

w
o
r
k
e
r

e
x
p
o
s
u
r
e
s

r
e
s
u
l
t

f
r
o
m

d
i
r
e
c
t

c
o
n
t
a
c
t

w
i
t
h

a
n
d

a
t
m
o
s
p
h
e
r
i
c

r
e
s
u
s
p
e
n
s
i
o
n

o
f
t
h
e

e
x
p
o
s
e
d

L-L
a
k
e

s
e
d
i
m
e
n
t
s

.

H
a
z
a
r
d

i
n
d
e
x

i
s
t
h
e

s
u
m

o
f

h
a
z
a
r
d

q
u
o
t
i
e
n
t
s

a
d
d
e
d

a
c
r
o
s
s

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y
s

o
r

p
o
l
l
u
t
a
n
t
s

.

B
a
s
e
d

o
n

a2
5

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

N
A

=n
o
t

a
p
p
l
i
c
a
b
l
e

;t
h
e

c
o
n
t
a
m
i
n
a
n
t

i
s
n
o
t

t
r
a
n
s
f
e
r
r
e
d

t
h
r
o
u
g
h

t
h
e

l
i
s
t
e
d

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y

.

C
.

d.

C -21



DOE/EIS -0268

T
a
b
l
e

C-2
2

.L-L
a
k
e

-U
n
i
n
v
o
l
v
e
d

w
o
r
k
e
r

(L-A
r
e
a

)n
o
n
r
a
d
i
o
l
o
g
i
c
a
l

h
a
z
a
r
d

i
n
d
e
x
e
s

a
n
d

c
a
n
c
e
r

r
i
s
k
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e
.
a

L
i
f
e
t
i
m
e

H
a
z
a
r
d

q
u
o
t
i
e
n
t

A
n
t
i
m
o
n
y

C
a
d
m
i
u
m

H
a
z
a
r
d

I
n
d
e
x
b

A
n
n
u
a
l

c
a
n
c
e
r

r
i
s
k

B
e
r
y
l
l
i
u
m

A
r
s
e
n
i
c

L
e
a
d

C
a
d
m
i
u
m

T
o
t
a
l

T
h
a
l
l
i
u
m

c
a
n
c
e
r

r
i
s
k

M
a
n
g
a
n
e
s
e

E
x
p
o
s
u
r
e

P
a
t
h
w
a
y

I
n
g
e
s
t
i
o
n

:

S
o
i
l

1
.
7
x
1
0
-
1
1

2
.
3
x
1
0
-
1
2

N
A
D

9
.
4

*1
0
-
7

6
.
0
x
1
0
-
8

6
.
7
x
1
0
-
8

4
.
2
x
1
0
-
7

7
.
9
x
1
0
-
9

1
.
0

1
0
-
7

4
.
0

*1
0
-
8

1
.
2
x
1
0
-
8

1
.
1
x
1
0
-
6

6
.
0
x
1
0
-
7

N
A

5
.
5
x
1
0
-
1
3

6
.
8
x
1
0
-
1
2

7
.
4
x
1
0
-
1
2

1
.
7
x
1
0
-
1
2

2
.
2
x
1
0
-
1
3

1
.
9
x
1
0
-
1
2

7
.
1
x
1
0
-
1
2

5
.
6
x
1
0
-
1
1

1
.
8
x
1
0
-
1
0

2
.
3
x
1
0
-
1
0

S
o
i
l

D
e
r
m
a
l

1
.
1

*1
0
-
1
1

2
.
8
x
1
0
-
1
1

1
.
1
x
1
0
-
7

1
.
0

*1
0
-
6

5
.
2
x
1
0
-
8

9
.
3
x
1
0
-
1
2

4
.
9
x
1
0
-
7

1
.
7
x
1
0
-
6

S
u
b
t
o
t
a
l

0
.
0
x
1
0
0

I
n
h
a
l
a
t
i
o
n

:

1
.
0

*1
0
-
4

N
A

1
.
3
x
1
0
-
9

1
.
4
x
1
0
-
9

A
i
r

8
.
5
x
1
0
-
5

9
.
3
x
1
0
-
7

6
.
1
x
1
0
-
6

6
.
6
x
1
0
-
8

1
.
2
x
1
0
-
5

1
.
3
x
1
0
-
7

3
.
6
x
1
0
-
8

4
.
1
x
1
0
-
1
0

1
.
1
x
1
0
-
6

N
A

3
.
2
x
1
0
-
1
1

3
.
5
x
1
0
-
1
3

3
.
2
x
1
0
-
1
1

1
.
5

*1
0
-
1
1

7
.
5

*1
0
-
8

8
.
1

*1
0
-
1
0

7
.
5
x
1
0
-
8

7
.
5

*1
0
-
8

R
e
s
u
s
p
e
n
s
i
o
n

S
u
b
t
o
t
a
l

9
.
6
x
1
0
-
1
1

1
.
1

*1
0
-
1
2

9
.
7
x
1
0
-
1
1

1
.
1
x
1
0
-
1
0

1
.
6
x
1
0
-
1
1

1
.
4
x
1
0
-
9

3
.
6
x
1
0
-
8

8
.
6
x
1
0
-
5

6
.
1
x
1
0
-
6

0
.
0
x
1
0
0

1
.
2
x
1
0
-
5

1
.
0
x
1
0
-
4

1
.
3
x
1
0
-
9

1
.
3
x
1
0
-
9

6
.
6
x
1
0
-
6

1
.
4
x
1
0
-
9

3
.
6
x
1
0
-
8

8
.
7
x
1
0
-
5

1
.
1
x
1
0
-
7

1
.
2
x
1
0
-
5

1
.
1

*1
0
-
4

3
.
2
x
1
0
-
1
1

T
o
t
a
l

a.

b.

F
o
r

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

u
n
i
n
v
o
l
v
e
d

w
o
r
k
e
r

i
s
c
x
p
o
s
e
d

b
y

t
h
e

a
t
m
o
s
p
h
e
r
i
c

t
r
a
n
s
p
o
r
t

o
f
e
x
p
o
s
e
d

L-L
a
k
e

s
e
d
i
m
e
n
t
s

.

H
a
z
a
r
d

i
n
d
e
x

i
s
t
h
e

s
u
m

o
f

h
a
z
a
r
d

q
u
o
t
i
e
n
t
s

a
d
d
e
d

a
c
r
o
s
s

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y
s

o
r

p
o
l
l
u
t
a
n
t
s

.

B
a
s
e
d

o
n

a2
5

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

N
A

=n
o
t

a
p
p
l
i
c
a
b
l
e

;t
h
e

c
o
n
t
a
m
i
n
a
n
t

i
s
n
o
t

t
r
a
n
s
f
e
r
r
e
d

t
h
r
o
u
g
h

t
h
e

l
i
s
t
e
d

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y

.
c. d.

C -22



DOE/EIS -0268
T
a
b
l
e

C-2
3

.L-L
a
k
e

-U
n
i
n
v
o
l
v
e
d

w
o
r
k
e
r

(P-A
r
e
a

)n
o
n
r
a
d
i
o
l
o
g
i
c
a
l

h
a
z
a
r
d

i
n
d
e
x
e
s

a
n
d

c
a
n
c
e
r

r
i
s
k
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e
.
a

H
a
z
a
r
d

q
u
o
t
i
e
n
t

A
n
t
i
m
o
n
y

C
a
d
m
i
u
m

H
a
z
a
r
d

i
n
d
e
x
b

A
n
n
u
a
l

c
a
n
c
e
r

r
i
s
k

B
e
r
y
l
l
i
u
m

A
r
s
e
n
i
c

L
i
f
e
t
i
m
e

c
a
n
c
e
r

r
i
s
k
c

M
a
n
g
a
n
c
s
e
T
h
a
l
l
i
u
m

L
e
a
d

C
a
d
m
i
u
m

T
o
t
a
l

E
x
p
o
s
u
r
e

P
a
t
h
w
a
y

I
n
g
e
s
t
i
o
n

:

S
o
i
l

5
.
0

*1
0
-
1
2

2
.
0

*1
0
-
8

2
.
3
x
1
0
-
9

1
.
2
x
1
0
-
8

3
.
1
x
1
0
-
7

N
A
D

1
.
6

1
0
-
1
3

5
.
1

*1
0
-
1
3

6
.
7
x
1
0
-
1
3

1
.
7
x
1
0
-
1
1

2
.
8
x
1
0
-
7

1
.
8
x
1
0
-
8

S
o
i
l

D
e
r
i
n
a
l

3
.
2
x
1
0
-
1
2

1
.
2
x
1
0
-
7

2
.
9
x
1
0
-
8

3
.
8
x
1
0
-
9

1
.
7
x
1
0
-
7

N
A

2
.
J
x
1
0
-
1
2

6
.
4
x
1
0
-
1
4

2
.
1

*1
0
-
1
2

5
.
3
x
1
0
-
1
1

S
u
b
t
o
t
a
l

8
.
2
x
1
0
-
1
2

3
.
0
x
1
0
-
7

1
.
4
x
1
0
-
7

3
.
2
x

1
0
-
8

1
.
6

*1
0
-
8

4
.
9
x
1
0
-
7

0
.
0

*1
0
0

2
.
2
x
1
0
-
1
2

5
.
7
x
1
0
-
1
3

2
.
8
x
1
0
-
1
2

7
.
0

1
0
-
1
1

I
n
h
a
l
a
t
i
o
n

:

A
i
r

2
.
3
x
1
0
-
8

1
.
8
x
1
0
-
6

N
A

3
.
6
x
1
0
-
6

3
.
1
x
1
0
-
5

9
.
7
x
1
0
-
1
2

4
.
0
-
1
0
-
1
0
4
.
4
x
1
0
-
1
0

1
.
1
x
1
0
-
8

2
.
6
x
1
0
-
5

2
.
7
x
1
0
-
7

R
e
s
u
s
p
e
n
s
i
o
n

2
.
4
x
1
0
-
1
0

2
.
0
x
1
0
-
8

N
A

3
.
8
x
1
0
-
8

3
.
3
x
1
0
-
7

1
.
0
x
1
0
-
1
3

4
.
3
x
1
0
-
1
2

4
.
7
x
1
0
-
1
2

1
.
2
x
1
0
-
1
0

2
.
9
x
1
0
-
1
1

3
.
1
x
1
0
-
1
3

2
.
9
x
1
0
-
1
1

3
.
1
x
1
0
-
1
1

S
u
b
t
o
t
a
l

2
.
3
x
1
0
-
8

2
.
6
x
1
0
-
5

1
.
8
x
1
0
-
6

3
.
1
x
1
0
-
5

9
.
8

*1
0
-
1
2

4
.
0
x
1
0
-
1
0

4
.
4

*1
0
-
1
0

1
.
1
x
1
0
-
8

0
.
0
x
1
0
0

3
.
2
x
1
0
-
8

3
.
6
x
1
0
-
6

3
.
6
x
1
0
-
6

T
o
t
a
l

2
.
3
x
1
0
-
8

2
.
6
x
1
0
-
5

1
.
9
x
1
0
-
6

3
.
2
x
1
0
-
5

9
.
8
x
1
0
-
1
2

4
.
0

*1
0
-
1
0

4
.
4
x
1
0
-
1
0

1
.
1
x
1
0
-
8

a.

b.

F
o
r

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

u
n
i
n
v
o
l
v
e
d

w
o
r
k
e
r

i
s
e
x
p
o
s
e
d

b
y

t
h
e

a
t
m
o
s
p
h
e
r
i
c

t
r
a
n
s
p
o
r
t

o
f
e
x
p
o
s
e
d

L-L
a
k
e

s
e
d
i
m
e
n
t
s

.

H
a
z
a
r
d

i
n
d
e
x

ist
h
e

s
u
m

o
f
h
a
z
a
r
d

q
u
o
t
i
e
n
t
s

a
d
d
e
d

a
c
r
o
s
s

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y
s

o
r

p
o
l
l
u
t
a
n
t
s

.

B
a
s
e
d

o
n

a2
5

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

N
A

=n
o
t

a
p
p
l
i
c
a
b
l
e

;t
h
e

c
o
n
t
a
m
i
n
a
n
t

i
s
n
o
t

t
r
a
n
s
f
e
r
r
e
d

t
h
r
o
u
g
h

t
h
e

l
i
s
t
e
d

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y

.

C
.

d.

C -23



DOE /EIS -0268

T
a
b
l
e

C-2
4

.L-L
a
k
e

-U
n
i
n
v
o
l
v
e
d

w
o
r
k
e
r

(R-A
r
e
a

)n
o
n
r
a
d
i
o
l
o
g
i
c
a
l

h
a
z
a
r
d

i
n
d
e
x
e
s

a
n
d

c
a
n
c
e
r

r
i
s
k
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e
.
a

H
a
z
a
r
d

q
u
o
t
i
e
n
t

H
a
z
a
r
d

A
n
n
u
a
l

c
a
n
c
e
r

r
i
s
k

L
i
f
e
t
i
m
e

E
x
p
o
s
u
r
e

P
a
t
h
w
a
y

M
a
n
g
a
n
e
s
e

T
h
a
l
l
i
u
m

A
n
t
i
m
o
n
y

C
a
d
m
i
u
m

L
e
a
d

I
n
d
e
x
b

C
a
d
m
i
u
m

B
e
r
y
l
l
i
u
m

A
r
s
e
n
i
c

T
o
t
a
l

c
a
n
c
e
r

r
i
s
k

I
n
g
e
s
t
i
o
n

:

S
o
i
l

1
.
9
x
1
0
-
1
2

1
.
0
x
1
0
-
7

7
.
5
x
1
0
-
9

8
.
8
x
1
0
-
1
0

4
.
5

*1
0
-
9

1
.
1
x
1
0
-
7

N
a
d

6
.
1

*1
0
-
1
4

1
.
9
x
1
0
-
1
3

2
.
5
x
1
0
-
1
3

6
.
3
x
1
0
-
1
2

S
o
i
l

D
e
r
m
a
l

1
.
2
x
1
0
-
1
2

6
.
6
x
1
0
-
9

4
.
7
x
1
0
-
8

1
.
1
x
1
0
-
8

1
.
4
x
1
0
-
9

6
.
6
x
1
0
-
8

N
A

7
.
5
x
1
0
-
1
3

2
.
4
x
1
0
-
1
4

7
.
8
x
1
0
-
1
3

1
.
9
x
1
0
-
1
1

S
u
b
t
o
t
a
l

3
.
1
x
1
0
-
1
2

1
.
1
x
1
0
-
7

5
.
5
x
1
0
-
8

1
.
2
x
1
0
-
8

5
.
9
x
1
0
-
9

1
.
8
x
1
0
-
7

0
.
0
x
1
0
0

8
.
1

*1
0
-
1
3

2
.
1
x
1
0
-
1
3

1
.
0

*1
0
-
1
2

2
.
6
x
1
0
-
1
1

I
n
h
a
l
a
t
i
o
n

:

A
i
r

7
.
7
x
1
0
-
9

8
.
8
x
1
0
-
6

6
.
3
x
1
0
-
7

N
A

1
.
2
x
1
0
-
6

1
.
1
x
1
0
-
5

3
.
3
x
1
0
-
1
2

1
.
0

1
0
-
1
1

1
.
4
x
1
0
-
1
0

1
.
5

*1
0
-
1
0

3
.
8

*1
0
-
9

R
e
s
u
s
p
e
n
s
i
o
n

9
.
0
x
1
0
-
1
1

1
.
0
x
1
0
-
7

7
.
4
x
1
0
-
9

N
A

1
.
4
x
1
0
-
8

1
.
2
x
1
0
-
7

3
.
9
x
1
0
-
1
4

1
.
2
x
1
0
-
1
3

1
.
6

*1
0
-
1
2

1
.
8
x
1
0
-
1
2

4
.
4
x
1
0
-
1
1

S
u
b
t
o
t
a
l

7
.
8
x
1
0
-
9

8
.
9
x
1
0
-
6

6
.
4
x
1
0
-
7

0
.
0
x
1
0
0

1
.
2
x
1
0
-
6

1
.
1
x
1
0
-
5

3
.
4

*1
0
-
1
2

1
.
0
x
1
0
-
1
1

1
.
4

*1
0
-
1
0

1
.
5

*1
0
-
1
0

3
.
8
x
1
0
-
9

T
o
t
a
l

7
.
8
x
1
0
-
9

9
.
0
x
1
0
-
6

6
.
9
x
1
0
-
7

1
.
2
x
1
0
-
8

1
.
2
x
1
0
-
6

1
.
1
x
1
0
-
5

3
.
4
x
1
0
-
1
2

1
.
1
x
1
0
-
1
1

1
.
4
x
1
0
-
1
0

1
.
5

*1
0
-
1
0

3
.
9
x
1
0
-
9

a.

b.

F
o
r

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

u
n
i
n
v
o
l
v
e
d

w
o
r
k
e
r

i
s
e
x
p
o
s
e
d

b
y

t
h
e

a
t
m
o
s
p
h
e
r
i
c

t
r
a
n
s
p
o
r
t

o
f
c
x
p
o
s
e
d

L-L
a
k
e

s
e
d
i
m
e
n
t
s

.

H
a
z
a
r
d

i
n
d
e
x

i
s
t
h
e

s
u
m

o
f
h
a
z
a
r
d

q
u
o
t
i
e
n
t
s

a
d
d
e
d

a
c
r
o
s
s

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y
s

o
r

p
o
l
l
u
t
a
n
t
s

.

B
a
s
e
d

o
n

a2
5

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

N
A

=n
o
t

a
p
p
l
i
c
a
b
l
e

;t
h
e

c
o
n
t
a
m
i
n
a
n
t

i
s
n
o
t

t
r
a
n
s
f
e
r
r
e
d

t
h
r
o
u
g
h

t
h
e

l
i
s
t
e
d

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y

.

c. d.

C - 24



DOE /EIS -0268

e
f
f
e
c
t
s
.
a

T
a
b
l
e

C-2
5

.P
e
n

B
r
a
n
c
h

-I
n
v
o
l
v
e
d

w
o
r
k
e
r

(c
u
r
r
e
n
t

u
s
e

)r
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

I
n
d
i
v
i
d
u
a
l

w
o
r
k
e
r

W
o
r
k
e
r

p
o
p
u
l
a
t
i
o
n

A
n
n
u
a
l

P
r
o
b
a
b
i
l
i
t
y

L
i
f
e
t
i
m
e

P
r
o
b
a
b
i
l
i
t
y

A
n
n
u
a
l

N
u
m
b
e
r

L
i
f
e
t
i
m
e

N
u
m
b
e
r

d
o
s
e

o
f

f
a
t
a
l

d
o
s
e

o
f

f
a
t
a
l

d
o
s
e

o
f

f
a
t
a
l

d
o
s
e

o
f

f
a
t
a
l

E
x
p
o
s
u
r
e

p
a
t
h
w
a
y

(r
e
m

)
c
a
n
c
e
r
c

(r
e
m

)d
c
a
n
c
e
r
c

(p
e
r
s
o
n

-r
e
m

)
c
a
n
c
e
r
s
c

(p
e
r
s
o
n

-r
e
m

)d

I
n
g
e
s
t
i
o
n

:

S
o
i
l

4
.
4
x
1
0
-
1
0

1
.
8
x
1
0
-
1
3

5
.
9
x
1
0
-
9

2
.
4
x
1
0
-
1
2

3
.
1
x
1
0
-
8

1
.
2
x
1
0
-
1
1

4
.
1

*1
0
-
7

1
.
7
x
1
0
-
1
0

S
o
i
l

d
e
r
m
a
l

3
.
7
x
1
0
-
1
1

1
.
5

*1
0
-
1
4

5
.
0

*1
0
-
1
0

2
.
0

*1
0
-
1
3

2
.
6
x
1
0
-
9

1
.
0

*1
0
-
1
2

3
.
5

*1
0
-
8

1
.
4
x
1
0
-
1
1

S
u
b
t
o
t
a
l

4
.
8
x
1
0
-
1
0

1
.
9
x
1
0
-
1
3

6
.
4
x
1
0
-
9

2
.
6

*1
0
-
1
2

3
.
3
x
1
0
-
8

1
.
3
x
1
0
-
1
1

4
.
5

*1
0
-
7

1
.
8

*1
0
-
1
0

I
n
h
a
l
a
t
i
o
n

:

c
a
n
c
e
r
s
c

R
e
s
u
s
p
e
n
s
i
o
n

1
.
4
x
1
0
-
1
1

5
.
4
x
1
0
-
1
5

1
.
8
x
1
0
-
1
0

7
.
3
x
1
0
-
1
4

9
.
5
x
1
0
-
1
0

3
.
8
x
1
0
-
1
3

1
.
3
x
1
0
-
8

5
.
1

*1
0
-
1
2

S
u
b
t
o
t
a
l

1
.
4
x
1
0
-
1
1

5
.
4
x
1
0
-
1
5

1
.
8
x
1
0
-
1
0

9
.
5
x
1
0
-
1
0

3
.
8
x
1
0
-
1
3

1
.
3
x
1
0
-
8

5
.
1
x
1
0
-
1
2

7
.
3
x
1
0
-
1
4

2
.
6

*1
0
-
1
2

T
o
t
a
l

4
.
9

*1
0
-
1
0

2
.
0
x
1
0
-
1
3

6
.
6
x
1
0
-
9

3
.
4
x
1
0
-
8

1
.
4
x
1
0
-
1
1

4
.
6
x
1
0
-
7

1
.
8
x
1
0
-
1
0

a.
F
o
r

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

i
n
v
o
l
v
e
d

w
o
r
k
e
r

e
x
p
o
s
u
r
e
s

r
e
s
u
l
t

f
r
o
m

i
n
c
r
e
a
s
e
d

c
o
n
c
e
n
t
r
a
t
i
o
n
s

o
f

t
r
i
t
i
u
m

ins
u
r
f
a
c
e

w
a
t
e
r

.

b.T
h
e

n
u
m
b
e
r

o
f

i
n
v
o
l
v
e
d

w
o
r
k
e
r
s

i
s
e
s
t
i
m
a
t
e
d

t
o
b
e

7
0

.

B
a
s
e
d

o
n
ar
i
s
k

o
f
0
.
0
0
0
4

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).

d.B
a
s
e
d

o
n

a5-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

C
.

C -25



DOE /EIS -0268

e
f
f
e
c
t
s
.
a

T
a
b
l
e

C-2
6

.P
e
n

B
r
a
n
c
h

-I
n
v
o
l
v
e
d

w
o
r
k
e
r

(f
u
t
u
r
e

u
s
e

)r
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

I
n
d
i
v
i
d
u
a
l

w
o
r
k
e
r

P
r
o
b
a
b
i
l
i
t
y

L
i
f
e
t
i
m
e

o
f

f
a
t
a
l

d
o
s
e

c
a
n
c
e
r
c

(r
e
m

)d

A
n
n
u
a
l

d
o
s
e

(r
e
m

)

P
r
o
b
a
b
i
l
i
t
y

o
f

f
a
t
a
l

A
n
n
u
a
l

d
o
s
e

(p
e
r
s
o
n

-r
e
m

)

N
u
m
b
e
r

o
f

f
a
t
a
l

W
o
r
k
e
r

p
o
p
u
l
a
t
i
o
n
b

N
u
m
b
e
r

L
i
f
e
t
i
m
e

o
f

f
a
t
a
l

d
o
s
e

c
a
n
c
e
r
s
c

(p
e
r
s
o
n

-r
e
m

)d
c
a
n
c
e
r
c

c
a
n
c
e
r
s
c

E
x
p
o
s
u
r
e

p
a
t
h
w
a
y

I
n
g
e
s
t
i
o
n

:

S
o
i
l

2
.
8
x
1
0
-
1
0

9
.
9
x
1
0
-
9

6
.
2
x
1
0
-
1
0

4
.
0

*1
0
-
1
2

2
.
5
x
1
0
-
1
3

1
.
3
x
1
0
-
7

8
.
4
x
1
0
-
9

5
.
3
x
1
0
-
1
1

3
.
4
x
1
0
-
1
2

6
.
9
x
1
0
-
7

4
.
4
x
1
0
-
8

9
.
3
x
1
0
-
6

5
.
9
x
1
0
-
7

9
.
9
x
1
0
-
6

3
.
7
x
1
0
-
9

2
.
3
x
1
0
-
1
0

1
.
7
x
1
0
-
1
1

S
o
i
l

d
e
r
m
a
l

4
.
2
x
1
0
-
1
2

5
.
7
x
1
0
-
1
1

1
.
1
x
1
0
-
8

4
.
0

*1
0
-
9

1
.
4
x
1
0
-
7

7
.
4
x
1
0
-
7

2
.
9
x
1
0
-
1
0

S
u
b
t
o
t
a
l

I
n
h
a
l
a
t
i
o
n

:

1
.
6
x
1
0
-
1
2

3
.
0
x
1
0
-
1
0

2
.
1
x
1
0
-
8

8
.
4

*1
0
-
1
2

2
.
8
x
1
0
-
7

R
e
s
u
s
p
e
n
s
i
o
n

4
.
0
x
1
0
-
9

4
.
0
x
1
0
-
9

1
.
1

*1
0
-
1
0

1
.
1

*1
0
-
1
0

1
.
2
x
1
0
-
1
3

1
.
2
x
1
0
-
1
3

4
.
3
x
1
0
-
1
2

2
.
1

*1
0
-
8

1
.
6
x
1
0
-
1
2

8
.
4
x
1
0
-
1
2

2
.
8
x
1
0
-
7

S
u
b
t
o
t
a
l

3
.
0
x
1
0
-
1
0

5
.
8
x
1
0
-
1
1

1
.
5

*1
0
-
7

7
.
6

*1
0
-
7

3
.
0
x
1
0
-
1
0

1
.
1
x
1
0
-
8

1
.
0
x
1
0
-
5

4
.
1
x
1
0
-
9

T
o
t
a
l

a.
F
o
r

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

i
n
v
o
l
v
e
d

w
o
r
k
e
r

e
x
p
o
s
u
r
e
s

r
e
s
u
l
t

f
r
o
m

i
n
c
r
e
a
s
e
d

c
o
n
c
e
n
t
r
a
t
i
o
n
s

o
f

t
r
i
t
i
u
m

ins
u
r
f
a
c
e

w
a
t
e
r

.

b.T
h
e

n
u
m
b
e
r

o
f

i
n
v
o
l
v
e
d

w
o
r
k
e
r
s

i
s
e
s
t
i
m
a
t
e
d

t
o
b
e

7
0

.

B
a
s
e
d

o
n
ar
i
s
k

o
f
0
.
0
0
0
4

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).

d.B
a
s
e
d

o
n

a2
5

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.
c.

C -26



DOE /EIS -0268

T
a
b
l
e

C-2
7

.F
o
u
r
m
i
l
e

B
r
a
n
c
h

-I
n
v
o
l
v
e
d

w
o
r
k
e
r

(c
u
r
r
e
n
t

u
s
e

)r
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

e
f
f
e
c
t
s
.
a

I
n
d
i
v
i
d
u
a
l

w
o
r
k
e
r

W
o
r
k
e
r

p
o
p
u
l
a
t
i
o
n
b

A
n
n
u
a
l

P
r
o
b
a
b
i
l
i
t
y

L
i
f
e
t
i
m
e

P
r
o
b
a
b
i
l
i
t
y

A
n
n
u
a
l

N
u
m
b
e
r

L
i
f
e
t
i
m
e

N
u
m
b
e
r

d
o
s
e

o
f

f
a
t
a
l

d
o
s
e

o
f

f
a
t
a
l

d
o
s
e

o
f

f
a
t
a
l

d
o
s
e

o
f

f
a
t
a
l

E
x
p
o
s
u
r
e

p
a
t
h
w
a
y

(r
e
m

)
c
a
n
c
e
r
c

(r
e
m

)d
c
a
n
c
e
r
c

(p
e
r
s
o
n

-r
e
m

)c
a
n
c
e
r
s
c

(p
e
r
s
o
n

-r
e
m
d

c
a
n
c
e
r
s
c

I
n
g
e
s
t
i
o
n

:

S
o
i
l

5
.
8

*1
0
-
1
1

2
.
3
x
1
0
-
1
4

7
.
8
x
1
0
-
1
0

3
.
1
x
1
0
-
1
3

4
.
1
x
1
0
-
9

1
.
6
x
1
0
-
1
2

5
.
5

*1
0
-
8

2
.
2
x
1
0
-
1
1

S
o
i
l

d
e
r
m
a
l

4
.
9
x
1
0
-
1
2

2
.
0
x
1
0
-
1
5

6
.
6
x
1
0
-
1
1

2
.
7
x
1
0
-
1
4

3
.
5
x
1
0
-
1
0

1
.
4
x
1
0
-
1
3

4
.
6
x
1
0
-
9

1
.
9
x
1
0
-
1
2

S
u
b
t
o
t
a
l

6
.
3
x
1
0
-
1
1

2
.
5
x
1
0
-
1
4

8
.
5
x
1
0
-
1
0

3
.
4
x
1
0
-
1
3

4
.
4
x
1
0
-
9

1
.
8
x
1
0
-
1
2

5
.
9
x
1
0
-
8

2
.
4
x
1
0
-
1
1

I
n
h
a
l
a
t
i
o
n

:

R
e
s
u
s
p
e
n
s
i
o
n

1
.
8
x
1
0
-
1
2

7
.
2
x
1
0
-
1
6

2
.
4
x
1
0
-
1
1

9
.
7
x
1
0
-
1
5

1
.
3
x
1
0
-
1
0

5
.
0

*1
0
-
1
4

1
.
7
x
1
0
-
9

6
.
8
x
1
0
-
1
3

S
u
b
t
o
t
a
l

1
.
8
x
1
0
-
1
2

7
.
2
x
1
0
-
1
6

2
.
4
x
1
0
-
1
1

9
.
7
x
1
0
-
1
5

1
.
3
x
1
0
-
1
0

5
.
0

*1
0
-
1
4

1
.
7
x
1
0
-
9

6
.
8
x
1
0
-
1
3

T
o
t
a
l

6
.
5
x
1
0
-
1
1

2
.
6
x
1
0
-
1
4

8
.
7
x
1
0
-
1
0

3
.
5
x
1
0
-
1
3

4
.
5

*1
0
-
9

1
.
8
x
1
0
-
1
2

6
.
1

*1
0
-
8

2
.
4
x
1
0
-
1
1

a.
F
o
r

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

i
n
v
o
l
v
e
d

w
o
r
k
e
r

e
x
p
o
s
u
r
e
s

r
e
s
u
l
t

f
r
o
m

i
n
c
r
e
a
s
e
d

c
o
n
c
e
n
t
r
a
t
i
o
n
s

o
f

t
r
i
t
i
u
m

ins
u
r
f
a
c
e

w
a
t
e
r

.

b.T
h
e

n
u
m
b
e
r

o
f
i
n
v
o
l
v
e
d

w
o
r
k
e
r
s

i
s
e
s
t
i
m
a
t
e
d

t
o
b
e

7
0

.

B
a
s
e
d

o
n

ar
i
s
k

o
f
0
.
0
0
0
4

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).

d.
B
a
s
e
d

o
n

a5-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

C
.

C -27



DOE/EIS -0268

T
a
b
l
e

C-2
8

.F
o
u
r
m
i
l
e

B
r
a
n
c
h

-I
n
v
o
l
v
e
d

w
o
r
k
e
r

(f
u
t
u
r
e

u
s
e

)r
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

e
f
f
e
c
t
s
.
a

I
n
d
i
v
i
d
u
a
l

w
o
r
k
e
r

W
o
r
k
e
r

p
o
p
u
l
a
t
i
o
n

A
n
n
u
a
l

P
r
o
b
a
b
i
l
i
t
y

L
i
f
e
t
i
m
e

P
r
o
b
a
b
i
l
i
t
y

A
n
n
u
a
l

N
u
m
b
e
r

L
i
f
e
t
i
m
e

N
u
m
b
e
r

d
o
s
e

o
f

f
a
t
a
l

d
o
s
e

o
f

f
a
t
a
l

d
o
s
e

o
f

f
a
t
a
l

d
o
s
e

o
f

f
a
t
a
l

E
x
p
o
s
u
r
e

p
a
t
h
w
a
y

(r
e
m

)
c
a
n
c
e
r
c

(r
e
m

)d
c
a
n
c
e
r
c

(p
e
r
s
o
n

-r
e
m

)
c
a
n
c
e
r
s

(p
e
r
s
o
n

-r
e
m

)d c
a
n
c
e
r
s
c

I
n
g
e
s
t
i
o
n

:

S
o
i
l

1
.
3
x
1
0
-
9

5
.
2
x
1
0
-
1
3

1
.
7
x
1
0
-
8

7
.
0

*1
0
-
1
2

9
.
1
x
1
0
-
8

3
.
6
x
1
0
-
1
1

1
.
2
x
1
0
-
6

4
.
9
x
1
0
-
1
0

S
o
i
l

d
e
r
m
a
l

8
.
2
x
1
0
-
1
0

3
.
3
x
1
0
-
1
4

1
.
1
x
1
0
-
9

4
.
4
x
1
0
-
1
3

5
.
8
x
1
0
-
9

2
.
3
x
1
0
-
1
2

7
.
7

*1
0
-
8

3
.
1
x
1
0
-
1
1

S
u
b
t
o
t
a
l

1
.
4
x
1
0
-
9

5
.
5
x
1
0
-
1
3

1
.
9
x
1
0
-
8

7
.
4
x
1
0
-
1
2

9
.
7
x
1
0
-
8

3
.
9
x
1
0
-
1
1

1
.
3
x
1
0
-
6

5
.
2
x
1
0
-
1
0

I
n
h
a
l
a
t
i
o
n

:

R
e
s
u
s
p
e
n
s
i
o
n

4
.
1

*1
0
-
1
1

1
.
6
x
1
0
-
1
4

5
.
4
x
1
0
-
1
0

2
.
2
x

1
0
-
1
3

2
.
8
x
1
0
-
9

1
.
1
x
1
0
-
1
2

3
.
8
x
1
0
-
8

1
.
5

*1
0
-
1
1

S
u
b
t
o
t
a
l

4
.
1

*1
0
-
1
1

1
.
6

*1
0
-
1
4

5
.
4
x
1
0
-
1
0

2
.
2
x
1
0
-
1
3

2
.
8
x
1
0
-
9

1
.
1
x
1
0
-
1
2

3
.
8
x
1
0
-
8

1
.
5
x
1
0
-
1
1

T
o
t
a
l

1
.
4

*1
0
-
9

5
.
7
x
1
0
-
1
3

1
.
9
x
1
0
-
8

7
.
7
x
1
0
-
1
2

1
.
0

1
0
-
7

4
.
0
-
1
0
-
1
1
1
.
3
x
1
0
-
6

5
.
4
x
1
0
-
1
0

a.
F
o
r

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

i
n
v
o
l
v
e
d

w
o
r
k
e
r

e
x
p
o
s
u
r
e
s

r
e
s
u
l
t

f
r
o
m

i
n
c
r
e
a
s
e
d

c
o
n
c
e
n
t
r
a
t
i
o
n
s

o
f

t
r
i
t
i
u
m

i
n
s
u
r
f
a
c
e

w
a
t
e
r

.

b.T
h
e

n
u
m
b
e
r

o
f

i
n
v
o
l
v
e
d

w
o
r
k
e
r
s

i
s
e
s
t
i
m
a
t
e
d

t
o
b
e

7
0

.

B
a
s
e
d

o
n

ar
i
s
k

o
f
0
.
0
0
0
4

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).

d.B
a
s
e
d

o
n

a2
5

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

C
.

C - 28



DOE/EIS -0268

e
f
f
e
c
t
s
.
a

T
a
b
l
e

C-2
9

.S
t
e
e
l

C
r
e
e
k

-I
n
v
o
l
v
e
d

w
o
r
k
e
r

(c
u
r
r
e
n
t

u
s
e

)r
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

I
n
d
i
v
i
d
u
a
l

w
o
r
k
e
r

W
o
r
k
e
r

p
o
p
u
l
a
t
i
o
n
b

A
n
n
u
a
l

P
r
o
b
a
b
i
l
i
t
y

L
i
f
e
t
i
m
e

P
r
o
b
a
b
i
l
i
t
y

A
n
n
u
a
l

N
u
m
b
e
r

L
i
f
e
t
i
m
e

N
u
m
b
e
r

d
o
s
e

o
f

f
a
t
a
l

d
o
s
e

o
f

f
a
t
a
l

d
o
s
e

o
f

f
a
t
a
l

d
o
s
e

o
f

f
a
t
a
l

E
x
p
o
s
u
r
e

p
a
t
h
w
a
y

(r
e
m

)
c
a
n
c
e
r
c

(r
e
m
d

c
a
n
c
e
r
c

(p
e
r
s
o
n

-r
e
m

)
c
a
n
c
e
r
s
c

(p
e
r
s
o
n

-r
e
m
d

c
a
n
c
e
r
s
c

I
n
g
e
s
t
i
o
n

:

S
o
i
l

3
.
1
x
1
0
-
1
0

1
.
2
x
1
0
-
1
3

4
.
2
x
1
0
-
9

1
.
7
x
1
0
-
1
2

2
.
2
x
1
0
-
8

8
.
7
x
1
0
-
1
2

2
.
9
x
1
0
-
7

1
.
2
x
1
0
-
1
0

S
o
i
l

d
e
r
m
a
l

2
.
6
x
1
0
-
1
1

1
.
1
x
1
0
-
1
4

3
.
5
x
1
0
-
1
0

1
.
4
x
1
0
-
1
3

1
.
8
x
1
0
-
9

7
.
4
x
1
0
-
1
3

2
.
5
x
1
0
-
8

9
.
9
x
1
0
-
1
2

S
u
b
t
o
t
a
l

3
.
4
x
1
0
-
1
0

1
.
3
x
1
0
-
1
3

4
.
5
x
1
0
-
9

1
.
8
x
1
0
-
1
2

2
.
4
x
1
0
-
8

9
.
4
x
1
0
-
1
2

3
.
2
x
1
0
-
7

1
.
3
x
1
0
-
1
0

I
n
h
a
l
a
t
i
o
n

:

R
e
s
u
s
p
e
n
s
i
o
n

9
.
6
x
1
0
-
1
2

3
.
8
x
1
0
-
1
5

1
.
3
x
1
0
-
1
0

5
.
2
x
1
0
-
1
4

6
.
7
x
1
0
-
1
0

2
.
7
x
1
0
-
1
3

9
.
0
x
1
0
-
9

3
.
6
x
1
0
-
1
2

S
u
b
t
o
t
a
l

9
.
6
x
1
0
-
1
2

3
.
8
x
1
0
-
1
5

1
.
3
x
1
0
-
1
0

5
.
2
x
1
0
-
1
4

6
.
7
x
1
0
-
1
0

2
.
7
x
1
0
-
1
3

9
.
0
x
1
0
-
9

3
.
6

*1
0
-
1
2

T
o
t
a
l

3
.
5
x
1
0
-
1
0

1
.
4
x
1
0
-
1
3

4
.
7
x
1
0
-
9

1
.
9
x
1
0
-
1
2

2
.
4
x
1
0
-
8

9
.
7
x
1
0
-
1
2

3
.
3
x
1
0
-
7

1
.
3
x
1
0
-
1
0

a.
F
o
r

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

i
n
v
o
l
v
e
d

w
o
r
k
e
r

e
x
p
o
s
u
r
e
s

r
e
s
u
l
t

f
r
o
m

i
n
c
r
e
a
s
e
d

c
o
n
c
e
n
t
r
a
t
i
o
n
s

o
f

t
r
i
t
i
u
m

ins
u
r
f
a
c
e

w
a
t
e
r

.

b.T
h
e

n
u
m
b
e
r

o
f
i
n
v
o
l
v
e
d

w
o
r
k
e
r
s

i
s
e
s
t
i
m
a
t
e
d

t
o
b
e

7
0

.

B
a
s
e
d

o
n

ar
i
s
k

o
f

0
.
0
0
0
4

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).

d.
B
a
s
e
d

o
n

a5-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

C
.

C -29



DOE /EIS -0268

T
a
b
l
e

C-3
0

.S
t
e
e
l

C
r
e
e
k

-I
n
v
o
l
v
e
d

w
o
r
k
e
r

(f
u
t
u
r
e

u
s
e

)r
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

e
f
f
e
c
t
s
.
a

I
n
d
i
v
i
d
u
a
l

w
o
r
k
e
r

W
o
r
k
e
r

p
o
p
u
l
a
t
i
o
n
b

A
n
n
u
a
l

P
r
o
b
a
b
i
l
i
t
y

L
i
f
e
t
i
m
e

P
r
o
b
a
b
i
l
i
t
y

A
n
n
u
a
l

N
u
m
b
e
r

L
i
f
e
t
i
m
e

N
u
m
b
e
r

d
o
s
e

o
f

f
a
t
a
l

d
o
s
e

o
f

f
a
t
a
l

d
o
s
e

o
f

f
a
t
a
l

d
o
s
e

o
f

f
a
t
a
l

E
x
p
o
s
u
r
e

p
a
t
h
w
a
y

(r
e
m

)
c
a
n
c
e
r
c

(r
e
m
d

c
a
n
c
e
r
c

(p
e
r
s
o
n

-r
e
m

)
c
a
n
c
e
r
s
c

(p
e
r
s
o
n

-r
e
m
d

c
a
n
c
e
r
s
c

I
n
g
e
s
t
i
o
n

:

S
o
i
l

7
.
0

*1
0
-
9

2
.
8
x
1
0
-
1
2

9
.
4
x
1
0
-
8

3
.
8
x
1
0
-
1
1

4
.
9
x
1
0
-
7

2
.
0
-
1
0
-
1
0

6
.
6
x
1
0
-
6

2
.
6
x
1
0
-
9

S
o
i
l

d
e
r
m
a
l

4
.
4
x
1
0
-
1
0

1
.
8
x
1
0
-
1
3

5
.
9
x
1
0
-
9

2
.
4
x
1
0
-
1
2

3
.
1
x
1
0
-
8

1
.
2
x
1
0
-
1
1

4
.
1
x
1
0
-
7

1
.
7
x
1
0
-
1
0

S
u
b
t
o
t
a
l

7
.
4

*1
0
-
9

3
.
0
x
1
0
-
1
2

1
.
0
x
1
0
-
7

4
.
0
x
1
0
-
1
1

5
.
2
x
1
0
-
7

2
.
1
x
1
0
-
1
0

7
.
0
x
1
0
-
6

2
.
8
x
1
0
-
9

I
n
h
a
l
a
t
i
o
n

:

R
e
s
u
s
p
e
n
s
i
o
n

2
.
1
x
1
0
-
1
0

8
.
4
x
1
0
-
1
4

2
.
8
x
1
0
-
9

1
.
1
x
1
0
-
1
2

1
.
5

*1
0
-
8

5
.
9
x
1
0
-
1
2

2
.
0

*1
0
-
7

7
.
9
x
1
0
-
1
1

S
u
b
t
o
t
a
l

2
.
1
x
1
0
-
1
0

8
.
4
x
1
0
-
1
4

2
.
8
x
1
0
-
9

1
.
1
x
1
0
-
1
2

1
.
5
x
1
0
-
8

5
.
9
x
1
0
-
1
2

2
.
0

*1
0
-
7

7
.
9
x
1
0
-
1
1

T
o
t
a
l

7
.
6
x
1
0
-
9

3
.
1

*1
0
-
1
2

1
.
0
x
1
0
-
7

4
.
1

*1
0
-
1
1

5
.
4
x
1
0
-
7

2
.
1
x
1
0
-
1
0

7
.
2
x
1
0
-
6

2
.
9
x
1
0
-
9

a.
F
o
r

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

i
n
v
o
l
v
e
d

w
o
r
k
e
r

e
x
p
o
s
u
r
e
s

r
e
s
u
l
t

f
r
o
m

i
n
c
r
e
a
s
e
d

c
o
n
c
e
n
t
r
a
t
i
o
n
s

o
f

t
r
i
t
i
u
m

i
n
s
u
r
f
a
c
e

w
a
t
e
r

.

b.T
h
e

n
u
m
b
e
r

o
f
i
n
v
o
l
v
e
d

w
o
r
k
e
r
s

i
s
e
s
t
i
m
a
t
e
d

t
o
b
e

7
0

.

B
a
s
e
d

o
n

ar
i
s
k

o
f
0
.
0
0
0
4

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).

d.B
a
s
e
d

o
n

a2
5

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

C
.

C - 30



DOE/EIS -0268

c
a
n
c
e
r
b

T
a
b
l
e

C-3
1

.S
t
e
e
l

C
r
e
e
k

-I
n
v
o
l
v
e
d

w
o
r
k
e
r

(c
u
r
r
e
n
t

u
s
e

)r
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

e
f
f
e
c
t
s
.
a

P
o
p
u
l
a
t
i
o
n

P
o
p
u
l
a
t
i
o
n

a
n
n
u
a
l

l
i
f
e
t
i
m
e

I
n
d
i
v
i
d
u
a
l

a
n
n
u
a
l

d
o
s
c

(r
e
m

)
P
r
o
b
a
b
i
l
i
t
y

L
i
f
e
t
i
m
e

P
r
o
b
a
b
i
l
i
t
y

d
o
s
e

N
u
m
b
e
r

d
o
s
e

N
u
m
b
e
r

P
u

-2
3
9

/
o
f

f
a
t
a
l

d
o
s
e

o
f

f
a
t
a
l

(p
e
r
s
o
n

o
f

f
a
t
a
l

(p
e
r
s
o
n

o
f

f
a
t
a
l

E
x
p
o
s
u
r
e

P
a
t
h
w
a
y

C
s

-1
3
7

C
o

-6
0
2
4
0

P
m

-1
4
6

U-2
3
3

/2
3
4

T
o
t
a
l

(r
e
m

)c
a
n
c
e
r
b

r
e
m

)c
a
n
c
e
r
s
b

r
e
m

)c,dc
a
n
c
e
r
s
b

I
n
g
e
s
t
i
o
n

:

S
h
o
r
e
l
i
n
e

D
e
r
m
a
l

1
.
2
x
1
0
-
1
2

2
.
7
x
1
0
-
1
4

3
.
1

*1
0
-
9

2
.
8

*1
0
-
1
2

1
.
2
x
1
0
-
1
0

3
.
3
x
1
0
-
9

1
.
3
x
1
0
-
1
2

1
.
6

*1
0
-
8

6
.
5

*1
0
-
1
2

2
.
3
x
1
0
-
7

9
.
1

*1
0
-
1
1

1
.
1
x
1
0
-
6

4
.
5

*1
0
-
1
0

S
h
o
r
e
l
i
n
e

1
.
4
x
1
0
-
1
1

1
.
2
x
1
0
-
1
3

3
.
6
x
1
0
-
1
1

2
.
0

1
0
-
1
3

6
.
4
x
1
0
-
1
1

1
.
1

*1
0
-
1
0

4
.
6
x
1
0
-
1
4

5
.
7
x
1
0
-
1
0

2
.
3
x
1
0
-
1
3

8
.
0
x
1
0
-
9

3
.
2
x
1
0
-
1
2

4
.
0
x
1
0
-
8

1
.
6

*1
0
-
1
1

S
u
b
t
o
t
a
l

1
.
5

*1
0
-
1
1

1
.
5
x
1
0
-
1
3

3
.
2
x
1
0
-
9

3
.
0
x
1
0
-
1
2

1
.
9
x
1
0
-
1
0

3
.
4
x
1
0
-
9

1
.
3
x
1
0
-
1
2

1
.
7
x
1
0
-
8

6
.
7
x
1
0
-
1
2

2
.
4
x
1
0
-
7

9
.
4
x
1
0
-
1
1

1
.
2
x
1
0
-
6

4
.
7
x
1
0
-
1
0

E
x
t
e
r
n
a
l

:

S
h
o
r
e
l
i
n
e

3
.
1

*1
0
-
8

2
.
2
x
1
0
-
9

8
.
1
x
1
0
-
1
3

8
.
3
x
1
0
-
9

3
.
4
x
1
0
-
1
1

4
.
2
x

1
0
-
8

1
.
7
x
1
0
-
1
1

1
.
9
x
1
0
-
7

7
.
4
x
1
0
-
1
1

2
.
9
x
1
0
-
6

1
.
2
x
1
0
-
9

1
.
3
x
1
0
-
5

5
.
2
x
1
0
-
9

S
u
b
t
o
t
a
l

3
.
1
x
1
0
-
8

2
.
2
x
1
0
-
9

8
.
1

*1
0
-
1
3

8
.
3
x
1
0
-
9

3
.
4

*1
0
-
1
1

4
.
2
x
1
0
-
8

1
.
7
x
1
0
-
1
1

1
.
9
x
1
0
-
7

7
.
4
x
1
0
-
1
1

2
.
9
x
1
0
-
6

1
.
2
x
1
0
-
9

1
.
3
x
1
0
-
5

5
.
2
x
1
0
-
9

T
o
t
a
l

3
.
1
x
1
0
-
8

2
.
2
x
1
0
-
9

3
.
2
x
1
0
-
9

8
.
3
x
1
0
-
9

2
.
2
x
1
0
-
1
0

4
.
5

*1
0
-
8

1
.
8
x
1
0
-
1
1

2
.
0
x
1
0
-
7

8
.
1
x
1
0
-
1
1

3
.
1
x
1
0
-
6

1
.
3
x
1
0
-
9

1
.
4
x
1
0
-
5

5
.
7
x
1
0
-
9

a. b.

F
o
r

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

i
n
v
o
l
v
e
d

w
o
r
k
e
r

e
x
p
o
s
u
r
e
s

r
e
s
u
l
t

f
r
o
m

t
h
e

a
q
u
e
o
u
s

t
r
a
n
s
p
o
r
t

o
f
e
x
p
o
s
e
d

L-L
a
k
e

s
e
d
i
m
e
n
t
s

inS
t
e
e
l

C
r
e
e
k

.

B
a
s
e
d

o
n

ar
i
s
k

o
f
0
.
0
0
0
4

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).

B
a
s
c
d

o
n

a5-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

T
h
e

n
u
m
b
e
r

o
f

i
n
v
o
l
v
e
d

w
o
r
k
e
r
s

i
s
e
s
t
i
m
a
t
e
d

t
o
b
c

7
0

.

C
.

d.

C -31



DOE/EIS -0268

T
a
b
l
e

C-3
2

.S
t
e
e
l

C
r
e
e
k

-I
n
v
o
l
v
e
d

w
o
r
k
e
r

(f
u
t
u
r
e

u
s
e

)r
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

e
f
f
e
c
t
s

.a

P
o
p
u
l
a
t
i
o
n

a
n
n
u
a
l

P
r
o
b
a
b
i
l
i
t
y

L
i
f
e
t
i
m
e

P
r
o
b
a
b
i
l
i
t
y

d
o
s
e

o
f

f
a
t
a
l

d
o
s
e

o
f

f
a
t
a
l

(p
e
r
s
o
n

c
a
n
c
e
r
b

(r
e
m

)c
a
n
c
e
r
b

r
e
m

)

I
n
d
i
v
i
d
u
a
l

a
n
n
u
a
l

d
o
s
e

(r
e
m

)

P
u

-2
3
9
1

C
o

-6
0

2
4
0

P
m

-1
4
6

U-2
3
3

/2
3
4

P
o
p
u
l
a
t
i
o
n

l
i
f
e
t
i
m
e

d
o
s
e

(p
e
r
s
o
n

N
u
m
b
e
r

o
f

f
a
t
a
l

c
a
n
c
e
r
s
b

N
u
m
b
e
r

o
f

f
a
t
a
l

c
a
n
c
e
r
s
b

T
o
t
a
l

C
s

-1
3
7

r
e
m

)c,d

E
x
p
o
s
u
r
e

P
a
t
h
w
a
y

I
n
g
e
s
t
i
o
n

:

S
h
o
r
e
l
i
n
e

D
e
r
m
a
l

2
.
0

*1
0
-
1
1

4
.
5

*1
0
-
1
3

5
.
2

*1
0
-
8

4
.
7
x
1
0
-
1
1

2
.
1

*1
0
-
9

5
.
4
x
1
0
-
8

2
.
2
x
1
0
-
1
1

1
.
4
x
1
0
-
6

5
.
4
x
1
0
-
1
0

3
.
8
x
1
0
-
6

1
.
5

*1
0
-
9

9
.
5
x
1
0
-
5

3
.
8

*1
0
-
8

3
.
2
x
1
0
-
1
0

2
.
7
x
1
0
-
1
2

8
.
1

*1
0
-
1
0

4
.
3
x
1
0
-
1
2

1
.
5

*1
0
-
9

2
.
6

*1
0
-
9

1
.
1

*1
0
-
1
2

6
.
4
x
1
0
-
8

2
.
6

*1
0
-
1
1

1
.
8

*1
0
-
7

7
.
4
x
1
0
-
1
1

4
.
5
x
1
0
-
6

1
.
8
x
1
0
-
9

3
.
4
x
1
0
-
1
0

3
.
2
x
1
0
-
1
2

5
.
3
x
1
0
-
8

5
.
1

*1
0
-
1
1

3
.
6
x
1
0
-
9

5
.
7
x
1
0
-
8

2
.
3
x
1
0
-
1
1

1
.
4
x
1
0
-
6

5
.
7
x
1
0
-
1
0

4
.
0
x
1
0
-
6

1
.
6
x
1
0
-
9

9
.
9
x
1
0
-
5

4
.
0
x
1
0
-
8

S
h
o
r
e
l
i
n
e

S
u
b
t
o
t
a
l

E
x
t
e
r
n
a
l

: S
h
o
r
e
l
i
n
e

6
.
8
x
1
0
-
7

1
.
9
x
1
0
-
7

7
.
5

*1
0
-
1
0

9
.
2
x
1
0
-
7

3
.
7
x
1
0
-
1
0

1
.
5
x
1
0
-
5

6
.
4

*1
0
-
9

1
.
9
x
1
0
-
7

7
.
5

*1
0
-
1
0

9
.
2
x
1
0
-
7

3
.
7
x
1
0
-
1
0

1
.
5
x
1
0
-
5

6
.
4
x
1
0
-
9

1
.
9
x
1
0
-
7

4
.
3
x
1
0
-
9

9
.
7
x
1
0
-
7

3
.
9
x
1
0
-
1
0

1
.
6
x
1
0
-
5

6
.
8
x
1
0
-
9

6
.
4
x
1
0
-
5

2
.
6
x
1
0
-
8

1
.
0

*1
0
-
3

4
.
1
x
1
0
-
7

6
.
4
x
1
0
-
5

2
.
6
x
1
0
-
8

1
.
0
x
1
0
-
3

4
.
1
x
1
0
-
7

6
.
8
x
1
0
-
5

2
.
7
x
1
0
-
8

1
.
1
x
1
0
-
3

4
.
5

*1
0
-
7

4
.
9
x
1
0
-
8

1
.
8
x
1
0
-
1
1

4
.
9
x
1
0
-
8

1
.
8
x
1
0
-
1
1

4
.
9
x
1
0
-
8

5
.
3
x
1
0
-
8

S
u
b
t
o
t
a
l

6
.
8
x
1
0
-
7

T
o
t
a
l

6
.
8
x
1
0
-
7

a.

b.

F
o
r

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

i
n
v
o
l
v
e
d

w
o
r
k
e
r

e
x
p
o
s
u
r
e
s

r
e
s
u
l
t

f
r
o
m

t
h
e

a
q
u
e
o
u
s

t
r
a
n
s
p
o
r
t

o
f

e
x
p
o
s
e
d

L-L
a
k
e

s
e
d
i
m
e
n
t
s

i
n
S
t
e
e
l

C
r
e
e
k

.

B
a
s
e
d

o
n

ar
i
s
k

o
f

0
.
0
0
0
4

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).

B
a
s
e
d

o
n

a2
5

-y
c
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

d
e
c
a
y

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

T
h
e

n
u
m
b
e
r

o
f

i
n
v
o
l
v
e
d

w
o
r
k
e
r
s

i
s
e
s
t
i
m
a
t
e
d

t
o
b
e

7
0

.

c. d.

C -32



DOE/EIS -0268

T
a
b
l
e

C-3
3

.S
t
e
e
l

C
r
e
e
k

-I
n
v
o
l
v
e
d

w
o
r
k
e
r

(c
u
r
r
e
n
t

u
s
e

)n
o
n
r
a
d
i
o
l
o
g
i
c
a
l

h
a
z
a
r
d

i
n
d
e
x
e
s

a
n
d

c
a
n
c
e
r

r
i
s
k
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e
.
a

H
a
z
a
r
d

q
u
o
t
i
e
n
t

H
a
z
a
r
d

A
n
n
u
a
l

c
a
n
c
e
r

r
i
s
k

L
i
f
e
t
i
m
e

E
x
p
o
s
u
r
e

P
a
t
h
w
a
y

M
a
n
g
a
n
e
s
e

T
h
a
l
l
i
u
m

A
n
t
i
m
o
n
y

L
e
a
d

C
a
d
m
i
u
m

I
n
d
e
x

B
e
r
y
l
l
i
u
m

A
r
s
e
n
i
c

T
o
t
a
l

c
a
n
c
e
r

r
i
s
k
c

I
n
g
e
s
t
i
o
n

:

S
h
o
r
e
l
i
n
e

D
e
r
m
a
l

7
.
4
x
1
0
-
1
1

6
.
6
x
1
0
-
6

1
.
6
x
1
0
-
6

2
.
9
x
1
0
-
8

1
.
1
x
1
0
-
7

8
.
4
x
1
0
-
6

5
.
3
x
1
0
-
1
2

3
.
3
x
1
0
-
1
3

5
.
7

*1
0
-
1
2

2
.
8
x
1
0
-
1
1

S
h
o
r
e
l
i
n
e

8
.
7
x
1
0
-
1
1

7
.
7
x
1
0
-
5

1
.
9
x
1
0
-
7

6
.
9
x
1
0
-
8

6
.
1

*1
0
-
9

7
.
7
x
1
0
-
5

3
.
1

*1
0
-
1
3

1
.
9
x
1
0
-
1
2

2
.
2
x
1
0
-
1
2

1
.
1
x
1
0
-
1
1

T
o
t
a
l

1
.
6
-
1
0
-
1
0

8
.
4
x
1
0
-
5

1
.
8
x
1
0
-
6

9
.
8
x
1
0
-
8

1
.
1
x
1
0
-
7

8
.
6
x
1
0
-
5

5
.
7
x
1
0
-
1
2

2
.
2
x
1
0
-
1
2

7
.
9
x
1
0
-
1
2

3
.
9
x
1
0
-
1
1

a.
F
o
r

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

u
n
i
n
v
o
l
v
e
d

w
o
r
k
e
r

ise
x
p
o
s
e
d

b
y

t
h
e

a
q
u
e
o
u
s

t
r
a
n
s
p
o
r
t

o
f
e
x
p
o
s
e
d

L-L
a
k
e

s
e
d
i
m
e
n
t
s

inS
t
e
e
l

C
r
e
e
k

.

b.H
a
z
a
r
d

i
n
d
e
x

ist
h
e

s
u
m

o
f

h
a
z
a
r
d

q
u
o
t
i
e
n
t
s

a
d
d
e
d

a
c
r
o
s
s

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y
s

o
r

p
o
l
l
u
t
a
n
t
s

.

B
a
s
e
d

o
n

a5- y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.
C
.

C -33



DOE /EIS -0268

T
a
b
l
e

C-3
4

.S
t
e
e
l

C
r
e
e
k

-I
n
v
o
l
v
e
d

w
o
r
k
e
r

(f
u
t
u
r
e

u
s
e

)n
o
n
r
a
d
i
o
l
o
g
i
c
a
l

h
a
z
a
r
d

i
n
d
e
x
e
s

a
n
d

c
a
n
c
e
r

r
i
s
k
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e
.
a

H
a
z
a
r
d

q
u
o
t
i
e
n
t

H
a
z
a
r
d

A
n
n
u
a
l

c
a
n
c
e
r

r
i
s
k

L
i
f
e
t
i
m
e

E
x
p
o
s
u
r
e

P
a
t
h
w
a
y

M
a
n
g
a
n
e
s
e

T
h
a
l
l
i
u
m

A
n
t
i
m
o
n
y

L
e
a
d

C
a
d
m
i
u
m

I
n
d
e
x

B
e
r
y
l
l
i
u
m

A
r
s
e
n
i
c

T
o
t
a
l

c
a
n
c
e
r

r
i
s
k
c

I
n
g
e
s
t
i
o
n

:

S
h
o
r
e
l
i
n
e

D
e
r
m
a
l

1
.
2
x
1
0
-
9

1
.
1
x
1
0
-
4

2
.
7
x
1
0
-
5

4
.
9
x
1
0
-
7

1
.
8
x
1
0
-
6

1
.
4
x
1
0
-
4

8
.
9
x
1
0
-
1
1

5
.
5
x
1
0
-
1
2

9
.
5
x
1
0
-
1
0

2
.
4
x
1
0
-
9

S
h
o
r
e
l
i
n
e

2
.
0

*1
0
-
9

1
.
7
x
1
0
-
3

4
.
4
x
1
0
-
6

1
.
5
x
1
0
-
6

1
.
4
x
1
0
-
7

1
.
7
x
1
0
-
3

7
.
1

*1
0
-
1
2

4
.
4
x
1
0
-
1
1

5
.
1
x
1
0
-
1
1

1
.
3
x
1
0
-
9

T
o
t
a
l

3
.
2
x

1
0
-
9

1
.
8
x
1
0
-
3

3
.
2
x
1
0
-
5

2
.
0
x
1
0
-
6

1
.
9
x
1
0
-
6

1
.
8
x
1
0
-
3

9
.
6
x
1
0
-
1
1

4
.
9
x
1
0
-
1
1

1
.
5
x
1
0
-
1
0

3
.
6
x
1
0
-
9

a.
F
o
r

t
h
e

S
h
u
t

D
o
w
n

a
n
d

D
e
a
c
t
i
v
a
t
e

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

u
n
i
n
v
o
l
v
e
d

w
o
r
k
e
r

i
s
e
x
p
o
s
e
d

b
y

t
h
e

a
q
u
e
o
u
s

t
r
a
n
s
p
o
r
t

o
f

e
x
p
o
s
e
d

L-L
a
k
e

s
e
d
i
m
e
n
t
s

inS
t
e
e
l

C
r
e
e
k

.

b.H
a
z
a
r
d

i
n
d
e
x

i
s
t
h
e

s
u
m

o
f
h
a
z
a
r
d

q
u
o
t
i
e
n
t
s

a
d
d
e
d

a
c
r
o
s
s

e
x
p
o
s
u
r
e

p
a
t
h
w
a
y
s

o
r

p
o
l
l
u
t
a
n
t
s

.

B
a
s
e
d

o
n

a2
5

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.
C
.

C -34



DOE/EIS-0268

e
x
p
o
s
e
d

i
n
d
i
v
i
d
u
a
l
.
a

T
a
b
l
e

C-3
5

.P
a
r

P
o
n
d

-R
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

e
f
f
e
c
t
s

t
o
t
h
e

o
f
f
s
i
t
e

m
a
x
i
m
a
l
l
y

P
r
o
b
a
b
i
l
i
t
y

o
f

f
a
t
a
l

L
i
f
e
t
i
m
e

d
o
s
e

(r
e
m
d

P
r
o
b
a
b
i
l
i
t
y

o
f

f
a
t
a
l

I
n
d
i
v
i
d
u
a
l

a
n
n
u
a
l

d
o
s
e

(r
e
m

)b

C
e
s
i
u
m

-1
3
7

C
o
b
a
l
t

-6
0

T
o
t
a
l

c
a
n
c
e
r
c

c
a
n
c
e
r
c

E
x
p
o
s
u
r
e

p
a
t
h
w
a
y

I
n
g
e
s
t
i
o
n

:

S
o
i
l

1
.
2
x

1
0
-
9

2
.
2
x
1
0
-
1
3

1
.
2
x

1
0
-
9

6
.
1

*1
0
-
1
3

4
.
2
x
1
0
-
8

2
.
1
x
1
0
-
1
1

4
.
2
x
1
0
-
1
2

S
o
i
l

d
e
r
m
a
l

2
.
4
x
1
0
-
1
0

1
.
1
x
1
0
-
1
3

2
.
4
x
1
0
-
1
0

8
.
5
x
1
0
-
9

1
.
2
x
1
0
-
1
3

9
.
8
x
1
0
-
1
2

3
.
6
x
1
0
-
1
2

6
.
8
x
1
0
-
7

L
e
a
f
y

v
e
g
e
t
a
b
l
e
s

O
t
h
e
r

v
e
g
e
t
a
b
l
e
s

3
.
4
x
1
0
-
1
0

3
.
4
x
1
0
-
1
0

3
.
4
x
1
0
-
1
2

6
.
8
x
1
0
-
7

2
.
0
x
1
0
-
8

2
.
0
x
1
0
-
8

8
.
6
x
1
0
-
9

9
.
4
x
1
0
-
8

2
.
0

*1
0
-
8

2
.
0
x
1
0
-
8

8
.
6
x
1
0
-
9

9
.
4
x
1
0
-
8

M
e
a
t

1
.
5
x

1
0
-
1
2

3
.
0
x

1
0
-
7

9
.
8

*1
0
-
1
2

4
.
3
x
1
0
-
1
2

4
.
7
x
1
0
-
1
1

7
.
2
x

1
0
-
1
1

1
.
5

*1
0
-
1
0

1
.
6

*1
0
-
9

M
i
l
k

4
.
8
x
1
0
-
1
2

3
.
3
x
1
0
-
6

S
u
b
t
o
t
a
l

1
.
4
x
1
0
-
7

1
.
4
x
1
0
-
1
1

1
.
4
x
1
0
-
7

5
.
0
x

1
0
-
6

2
.
5
x
1
0
-
9

I
n
h
a
l
a
t
i
o
n

:

A
i
r

2
.
4
x
1
0
-
8

2
.
4
x
1
0
-
1
0

5
.
5

*1
0
-
1
1

5
.
7
x
1
0
-
1
3

2
.
4
x
1
0
-
8

2
.
4
x
1
0
-
1
0

R
e
s
u
s
p
e
n
s
i
o
n

1
.
2
x

1
0
-
1
1

1
.
2
x
1
0
-
1
3

1
.
2
x
1
0
-
1
1

8
.
5
x

1
0
-
7

8
.
5
x
1
0
-
9

8
.
5
x
1
0
-
7

4
.
2
x

1
0
-
1
0

4
.
2
x
1
0
-
1
2

4
.
2
x
1
0
-
1
0

S
u
b
t
o
t
a
l

2
.
4
x
1
0
-
8

5
.
7
x
1
0
-
1
1

2
.
4
x
1
0
-
8

E
x
t
e
r
n
a
l

:

S
o
i
l

6
.
3
x
1
0
-
6

9
.
6
x
1
0
-
9

6
.
4
x
1
0
-
6

2
.
2
x
1
0
-
4

1
.
1

*1
0
-
7

3
.
2
x
1
0
-
9

1
.
5
x

1
0
-
1
3

A
i
r

3
.
1
x
1
0
-
1
0

5
.
1

x1
0
-
1
3

3
.
1
x
1
0
-
1
0

1
.
1
x
1
0
-
8

5
.
4
x
1
0
-
1
2

S
u
b
t
o
t
a
l

6
.
3
x
1
0
-
6

9
.
6
x
1
0
-
9

2
.
2
x
1
0
-
4

1
.
1
x
1
0
-
7

6
.
4
x
1
0
-
6

6
.
5
x
1
0
-
6

3
.
2
x
1
0
-
9

3
.
3
x
1
0
-
9

T
o
t
a
l

6
.
5
x

1
0
-
6

9
.
8
x
1
0
-
9

2
.
3
x
1
0
-
4

1
.
1
x
1
0
-
7

a.
F
o
r

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

g
e
n
e
r
a
l

p
u
b
l
i
c

e
x
p
o
s
u
r
e
s

r
e
s
u
l
t

f
r
o
m

t
h
e

a
t
m
o
s
p
h
e
r
i
c

t
r
a
n
s
p
o
r
t

o
f

e
x
p
o
s
e
d

P
a
r

P
o
n
d

s
e
d
i
m
e
n
t
s

.

b.T
h
e

o
f
f
s
i
t
e

m
a
x
i
m
a
l
l
y

e
x
p
o
s
e
d

i
n
d
i
v
i
d
u
a
l

i
s
am
e
m
b
e
r

o
f
t
h
e

p
u
b
l
i
c

r
e
s
i
d
i
n
g

a
t
t
h
e

S
R
S

b
o
u
n
d
a
r
y

.

c.
B
a
s
e
d

o
n

ar
i
s
k

o
f

0
.
0
0
0
5

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

) .

d.B
a
s
e
d

o
n

a7
0

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

C -35



DOE/EIS -0268

T
a
b
l
e

C-3
6

.P
a
r

P
o
n
d

-R
a
d
i
o
l
o
g
i
c
a
l

d
o
s
e
s

a
s
s
o
c
i
a
t
e
d

w
i
t
h

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

a
n
d

r
e
s
u
l
t
i
n
g

h
e
a
l
t
h

e
f
f
e
c
t
s

t
o
t
h
e

g
e
n
e
r
a
l

p
u
b
l
i
c
.
a

N
u
m
b
e
r

L
i
f
e
t
i
m
e

N
u
m
b
e
r

P
o
p
u
l
a
t
i
o
n

a
n
n
u
a
l

d
o
s
e

(r
e
m

)
o
f

f
a
t
a
l

d
o
s
e

o
f

f
a
t
a
l

E
x
p
o
s
u
r
e

p
a
t
h
w
a
y

C
e
s
i
u
m

-1
3
7

C
o
b
a
l
t

-6
0

T
o
t
a
l

c
a
n
c
e
r
s

(p
e
r
s
o
n

-r
e
m
d

c
a
n
c
e
r
s

I
n
g
e
s
t
i
o
n

:

S
o
i
l

4
.
2
x

1
0
-
7

7
.
5
x
1
0
-
1
1

4
.
2
x

1
0
-
7

2
.
1
x
1
0
-
1
0

1
.
5
x
1
0
-
5

7
.
4
x
1
0
-
9

S
o
i
l

d
e
r
m
a
l

8
.
5
x

1
0
-
8

3
.
9
x
1
0
-
1
1

8
.
5
x
1
0
-
8

4
.
2
x
1
0
-
1
1

2
.
9
x
1
0
-
6

1
.
5

*1
0
-
9

L
e
a
f
y

v
e
g
e
t
a
b
l
e
s

6
.
8
x
1
0
-
6

1
.
2
x
1
0
-
9

6
.
8
x
1
0
-
6

3
.
4
x
1
0
-
9

2
.
4
x
1
0
-
4

1
.
2
x
1
0
-
7

O
t
h
e
r

v
e
g
e
t
a
b
l
e
s

6
.
8
x
1
0
-
6

1
.
1
x
1
0
-
9

6
.
8
x
1
0
-
6

3
.
4
x
1
0
-
9

2
.
4
x
1
0
-
4

1
.
2
x

1
0
-
7

M
e
a
t

3
.
0
x

1
0
-
6

5
.
0
x
1
0
-
1
0

3
.
0
x
1
0
-
6

1
.
5
X
1
0
-
9

1
.
0

*1
0
-
4

5
.
2
x
1
0
-
8

M
i
l
k

3
.
3
x
1
0
-
5

1
.
6

*1
0
-
9

3
.
3
x
1
0
-
5

1
.
6
x
1
0
-
8

1
.
1
x
1
0
-
3

5
.
7
x
1
0
-
7

S
u
b
t
o
t
a
l

5
.
0

*1
0
-
5

4
.
6
x
1
0
-
9

4
.
9
x
1
0
-
5

2
.
5
x
1
0
-
8

1
.
7
x
1
0
-
3

8
.
7
x
1
0
-
7

I
n
h
a
l
a
t
i
o
n

:

A
i
r

8
.
5
x
1
0
-
6

1
.
9
x
1
0
-
8

8
.
5
x
1
0
-
6

4
.
3
x
1
0
-
9

2
.
9
x
1
0
-
4

1
.
5
x
1
0
-
7

R
e
s
u
s
p
e
n
s
i
o
n

8
.
5
x
1
0
-
8

1
.
9
x
1
0
-
1
0

8
.
5
x
1
0
-
8

4
.
3
x
1
0
-
1
1

2
.
9
x
1
0
-
6

1
.
5

*1
0
-
9

S
u
b
t
o
t
a
l

8
.
5
x
1
0
-
6

1
.
9
x
1
0
-
8

8
.
5
x
1
0
-
6

4
.
3
x
1
0
-
9

2
.
9
x
1
0
-
4

1
.
5

*1
0
-
7

E
x
t
e
r
n
a
l

:

S
o
i
l

2
.
2
x
1
0
-
3

3
.
3
x
1
0
-
6

2
.
2
x

1
0
-
3

3
.
8
x
1
0
-
5

1
.
1
x
1
0
-
6

5
.
4
x
1
0
-
1
1

7
.
7
x
1
0
-
2

3
.
7
x
1
0
-
6

A
i
r

1
.
1
x
1
0
-
7

1
.
7
x
1
0
-
1
0

1
.
1
x
1
0
-
7

1
.
9
x
1
0
-
9

S
u
b
t
o
t
a
l

2
.
2
x
1
0
-
3

3
.
3
x
1
0
-
6

2
.
2
x
1
0
-
3

1
.
1
x
1
0
-
6

7
.
7
x
1
0
-
2

3
.
8
x
1
0
-
5

T
o
t
a
l

2
.
3
x
1
0
-
3

3
.
3
x
1
0
-
6

2
.
3
x
1
0
-
3

1
.
1
x
1
0
-
6

7
.
6

*1
0
-
2

3
.
8
x
1
0
-
5

a.
F
o
r

t
h
e

N
o

-A
c
t
i
o
n

A
l
t
e
r
n
a
t
i
v
e

,t
h
e

g
e
n
e
r
a
l

p
u
b
l
i
c

e
x
p
o
s
u
r
e
s

r
e
s
u
l
t

f
r
o
m

t
h
e

a
t
m
o
s
p
h
e
r
i
c

t
r
a
n
s
p
o
r
t

o
f

e
x
p
o
s
e
d

P
a
r

P
o
n
d

s
e
d
i
m
e
n
t
s

.

b.O
f
f
s
i
t
e

p
o
p
u
l
a
t
i
o
n

w
i
t
h
i
n

8
0
k
i
l
o
m
e
t
e
r
s

(5
0
m
i
l
e
s

)o
f
S
R
S

.

B
a
s
e
d

o
n

ar
i
s
k

o
f
0
.
0
0
0
5

l
a
t
e
n
t

f
a
t
a
l

c
a
n
c
e
r
s

p
e
r

p
e
r
s
o
n

-r
e
m

o
f

r
a
d
i
a
t
i
o
n

e
x
p
o
s
u
r
e

(N
C
R
P

1
9
9
3

).

d.B
a
s
e
d

o
n

a7
0

-y
e
a
r

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.D
o
s
e
s

a
r
e

c
o
r
r
e
c
t
e
d

f
o
r

r
a
d
i
o
a
c
t
i
v
e

d
e
c
a
y

o
v
e
r

t
h
e

e
x
p
o
s
u
r
e

p
e
r
i
o
d

.

C
.

C - 36



DOE/EIS -0268

Table C -37. Par Pond - Nonradiologicalhazard index associated with theNo- Action Alternative for the

offsite maximally exposed individual (future use).

Hazard quotient

Exposure pathway
Mercury Thallium Hazard indexb

Ingestion :

Soil 5.3x10-7 1.4x10-7 6.7x10-7

Soil dermal 4.9x10-6 2.6x10-8 5.0x10-6

Leafy vegetables 9.1x10-6 2.2x10-6 1.1x10-5

Other vegetables 9.9x 10-6 2.0x10-6 1.2x10-5

Meat 4.9x10-5 1.8x10-6 5.1x10-5

Milk 2.6x10-6 2.9x10-6 5.6x10-6

Subtotal 7.8x10-5 9.3x10-6 8.7x10-5

Inhalation :

Air 5.7x10-5 4.2x10-6 6.1x10-5

Resuspension 5.7x10-7 4.3x10-8 6.1x10-7

Subtotal 5.7x10-5 4.3x10-6 6.1x10-5

Total 1.4x10-4 1.4x10-5 1.5x10-4

a . For the No-Action Alternative, the generalpublic exposures result from the atmospheric transport of exposed

Par Pond sediments. No carcinogenic constituents are released .

b . Hazard index is the sum ofhazard quotients added across exposure pathways or pollutants.
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Table C -41. Par Pond - Involved worker (current use )nonradiological hazard indexes and cancer risks

associated with the No-Action Alternative.a

Hazard quotient

Exposure pathway Mercury Manganese Thallium Hazard indexb

Ingestion :

Soil 5.6x10-6 5.3x10-8 1.1x10-6 6.8x10-6

Soil dermal 2.3x10-5 4.5x10-8 9.5x10-8 2.4x10-5

Subtotal 2.9x10-5 9.8x10-8 1.2x10-6 3.0x10-5

Inhalation :

Resuspension 4.0x10-7 5.2x10-8 2.3x10-8 4.8x10-7

Subtotal 4.0x10-7 5.2x 10-8 2.3x10-8 4.8x10-7

Total 2.9x10-5 1.5x10-7 1.2x 10-6 3.1x10-5

a . For the No- Action Alternative, the involved worker exposures result from direct contact with and

atmospheric resuspension of the exposed Par Pond sediments. Theworker is not exposed to any

carcinogenic contaminants .

b . Hazard index is the sum of hazard quotients added across exposure pathways or pollutants.
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Table C -42. Par Pond - Involved worker (future use ) nonradiological hazard indexes and cancer risks

associated with theNo-Action Alternative.a

Hazard quotient

Exposure pathway Mercury Manganese Thallium Hazard indexb

Ingestion :

Soil 1.3x10-4 1.2x10-6 2.5x10-5 1.6x10-4

Soil dermal 3.9x10-4 7.5x10-7 1.6x10-6 3.9x10-4

Subtotal 5.2x10-4 2.0x10-6 2.7x10-5 5.5x10-4

Inhalation :

Resuspension 8.8x10-6 1.2x10-6 5.0x10-7 1.1x10-5

Subtotal 8.8x10-6 1.2x10-6 5.0x10-7 1.1x10-5

Total 5.3x10-4 3.2x10-6 2.7x10-5 5.6x10-4

a .
For the No-Action Alternative,the involved worker exposures result from direct contact with and atmospheric

resuspension of the exposed ParPond sediments. The worker is not exposed to any carcinogenic contaminants.

b . Hazard index is the sum of hazard quotients added across exposure pathways or pollutants.
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Table C -43. Par Pond – Uninvolved worker (L - Area) nonradiological hazard indexes and cancer risks

associated with theNo-Action Alternative.a

Hazard quotient

Exposure pathway Mercury Manganese Thallium Hazard indexb

Ingestion :

Soil 1.1x10-10 1.0x10-12 2.1x10-11 1.3x10-10

Soil dermal 3.4x10-10 6.3x10-13 1.4x10-12 3.4x10-10

Subtotal 4.5x10-10 1.6x10-12 2.2x10-11 4.7x10-10

Inhalation :

Air 1.2x10-8 1.5x10-9 6.6x10-10 1.4x10-8

Resuspension 1.2x10-10 1.6x10-11 6.9x10-12 1.4x10-10

Subtotal 1.2x10-8 1.5x10-9 6.6x10-10 1.4x10-8

Total 1.2x10-8 1.5x10-9 6.8x10-10 1.5x10-8

a . For the No-Action Alternative, the involved worker exposures result from the atmospheric transport of exposed

Par Pond sediments. The worker is not exposed to any carcinogenic contaminants.

b . Hazard index is the sum of hazard quotients added across exposure pathways or pollutants.
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Table C -47. Combined nonradiological hazard indexes associated with the No-Action Alternative for

members of the public (current use ).a

Hazard index

Exposure pathway L -Lakeb Par Pond Combined

Ingestion :

Soil NAC 6.7x10-7 6.7x10-7

Soil dermal NA 5.0x10-6 5.0x10-6

Leafy vegetables
NA 1.1x10-5 1.1x10-5

Other vegetables NA 1.2x10-5 1.2x10-5

Meat NA 5.1x10-5 5.1x10-5

Milk NA 5.6x10-6 5.6x10-6

Subtotal 0.0x100 8.7x10-5 8.7x10-5

Inhalation :

Air NA 6.1x10-5 6.1x10-5

Resuspension
NA 6.1x10-7 6.1x10-7

Subtotal 0.0x100 6.1x10-5 6.1x10-5

Total 0.0x100 1.5x10-4 1.5x10-4

a .
No carcinogenic constituents are released from either L -Lake or Par Pond for current land use under the

No-Action Alternative .

b . Nonradiological constituents not released from L -Lake.

NA not applicable; the contaminant is not transferred through the listed exposure pathway.
C.
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Table C -57. Combined nonradiological hazard indexes associated with theNo- Action Alternative for

uninvolved workers.a

Hazard index

Exposure pathway L -Lakeb Par Pond Combined

Ingestion :

Soil NAC 1.3x10-10 1.3x10-10

Soil Dermal NA 3.4x10-10 3.4x10-10

Subtotal 0.0x100 4.7x10-10 4.7x10-10

Inhalation :

Air NA 1.4x10-8 1.4x10-8

Resuspension NA 1.4x10-10 1.4x10-10

Subtotal 0.0x100 1.4x10-8 1.4x10-8

Total 0.0x100 1.5x10-8 1.5x10-8

a .
No carcinogenic constituents are released from either L -Lake or Par Pond for current land use under the

No-Action Alternative. The uninvolved worker is located in L - Area.

b . Nonradiological constituents not released from L -Lake.

c . NA = notapplicable; the contaminant is not transferred through the listed exposure pathway.
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Table D - 1. Reptiles and amphibians of Savannah River Site aquatic habitats.a

Group Common name Species

Salamanders
Ambystomamaculatum

Ambystomaopacum

Ambystoma talpoideum

Ambystoma tigrinum

Amphiumameans

Desmognathus auriculatus

Eurycea cirrigera

Eurycea longicauda

Eurycea quadridigitata

Necturus punctatus

Notophthalmus viridescens

Pseudotriton montanus

Siren intermedia

Siren lacertina

Frogs and toads

spotted salamander

marbled salamander

mole salamander

tiger salamander

two-toed amphiuma

southern dusky salamander

two-lined salamander

long-tailed salamander

dwarf salamander

dwarfwaterdog

eastern newt

mud salamander

lesser siren

greater siren

northern cricket frog

southern cricket frog

oak toad

bird -voiced treefrog

Cope's gray treefrog

green treefrog

pine woods treefrog

barking treefrog

southern chorus frog

little grass frog

ornate chorus frog

crawfish frog

bullfrog

bronze frog

pig frog

pickerel frog

southern leopard frog

carpenter frog

eastern spadefoot toad

American alligator

snapping turtle

chicken turtle

striped mud turtle

eastern mud turtle

river cooter

Florida cooter

stinkpot

slider turtle

spiny softshell turtle

rat snake

mud snake

rainbow snake

common kingsnake

Acris crepitans

Acris gryllus

Bufo quercicus

Hyla avivoca

Hyla chrysoscelis

Hyla cinerea

Hyla femoralis

Hyla gratiosa

Pseudacris nigrita

Pseudacris ocularis

Pseudacris ornata

Rana areolata

Rana catesbeiana

Rana clamitans

Rana grylio

Rana palustris

Rana sphenocephala

Rana virgatipes

Scaphiopus holbrooki

Alligator mississippiensis

Chelydra serpentina

Deirochelys reticularia

Kinosternon bauri

Kinosternon subrubrum

Pseudemys concinna

Pseudemys floridana

Sternotherus odoratus

Trachemys scripta

Trionyx spiniferus

Elaphe obsoleta

Farancia abacura

Farancia erytrogramma

Lampropeltis getulus

Nerodia cyclopion

Alligators

Turtles

Snakes

green water snake
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Table D - 1 . ( continued ).

Group Common name Species

Snakes (continued)
red -bellied water snake

banded water snake

brown water snake

glossy crayfish snake

queen snake

Nerodia erythrogaster

Nerodia fasciata

Nerodia taxispilota

Regina rigida

Regina septemvittata

Seminatrix pygaea

Storeria dekayi

Thamnophis sauritus

Thamnophis sirtalis

Agkistodon piscivorous

black swamp snake

brown snake

eastern ribbon snake

garter snake

cottonmouth

a .
Sources: Scott, Patterson ,and Giffin ( 1990 ); Gibbons and Semlitsch (1991).
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Table D -2 . Birds of Savannah River Site streams, reservoirs,wetlands, and adjacent forests.a

Group Common name
Species

Ducks and duck -like birds Canada goose

mallard

black duck

gadwall

green-winged teal

blue-winged teal

American widgeon

northern shoveler

common merganser

ring-necked duck

Branta canadensis

Anas platyrhynchos

Anas rubripes

Anas strepera

Anas crecca

Anas discors

Anas americana

Anas clypeata

Mergus merganser

Aythya collaris

Aythya affinis

Bucephala albeola

Oxyura jamaicensis

Lophodytes cucullatus

Podilymbus podiceps

lesser scaup

bufflehead

ruddy duck

hooded merganser

pied-billed grebe

wood duck

purple gallinule

common gallinule

sora

American coot

Aix sponsa

Porphyrula martinica

Gallinula chloropus

Porzana carolina

Fulica americana

black tern Chlidonias nigerSeabirds/gulls

Wading birds black -crowned nightheron

greatblue heron

little blue heron

tricolored heron

green heron

white ibis

great egret

snowy egret

killdeer

long-billed dowitcher

northern phalarope

American anhinga

least bittern

American bittern

wood stork

Nycticorax nycticorax

Ardea herodias

Egretta caerulea

Egretta tricolor

Butorides striatus

Eudocimus albus

Casmerodius albus

Egretta thula

Charadrius vociferus

Limnodromus scalopaceus

Lobipes lobatus

Anhinga anhinga

Ixobrychus exilis

Botaurus lentiginosus

Mycteria americana

Meleagris gallopavo

Colinus virginianus

Philohela minor

Fowl- like birds wild turkey

bobwhite quail

American woodcock

mourning dove

rock dove

Pigeonsand doves
Zenaida macroura

Columba livia

Birds of prey black vulture

turkey vulture

greathorned owl

common nighthawk

red - tailed hawk

red-shouldered hawk

Coragyps atratus

Cathartes aura

Bubo virginianus

Chordeiles minor

Buteo jamaicensis

Buteo lineatus

Haliaeetus leucocephalusbald eagle
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SpeciesTable D -2 . (continued).

Group

Common name

Birds of prey ( continued )

osprey

sharp -shinned hawk

broad-winged hawk

Cooper's hawk

marsh hawk

American Kestrel

barred owl

screech owl

Non -passerine land birds

Passerines (perching birds)

Chuck -will's widow

ruby-throated hummingb
ird

belted kingfisher

red-bellied woodpeck
er

hairy woodpecke
r

red-headed woodpeck
er

downy woodpeck
er

pileated woodpecke
r

red - cockaded woodpeck
er

yellow -shafted flicker

yellow -bellied sapsucker

yellow -billed cuckoo

eastern kingbird

great crested flycatcher

Acadian flycatcher

eastern phoebe

eastern peewee

water pipit

house wren

Carolina wren

long-billed marsh wren

winter wren

golden - crowned kinglet

ruby -crowned kinglet

blue-gray gnatcatche
r

chimney swift

bank swallow

barn swallow

fish crow

American crow

blue jay

Carolina chickadee

tufted titmouse

white -breasted nuthatch

brown-headed nuthatch

mockingbi
rd

Pandion haliaetus

Accipiter striatus

Buteo platypterus

Accipiter cooperii

Circus cyaneus

Falco sparverius

Strix varia

Otus asio

Caprimulgu
s

carolinensis

Archilochus colubris

Megaceryle alcyon

Melanerpes carolinus

Picoides villosus

Melanerpes erythrocepha
lus

Picoides pubescens

Dryocopus pileatus

Picoides borealis

Colaptes auratus

Sphyrapicus varius

Coccyzus americanus

Tyrannus tyrannus

Myiarchus critinus

Empidonax virescens

Sayornis phoebe

Contopus virens

Anthus spinoletta

Troglodyte aedon

Thryothorus ludovicianus

Cistothorus palustris

Troglodytes troglodytes

Regulus satrapa

Regulus calendula

Polioptila caerulea

Chaetura pelagica

Riparia riparia

Hirundo rustica

Corvus ossifragus

Corvus brachyrhync
hos

Cyanocitta cristata

Parus carolensis

Parus bicolor

Sitta carolinensis

Sitta pusilla

Mimus polyglottos

Dumetella carolinensis

Toxostoma rufum

Turdus migratorius

Hylocichla mustelina

Catharus guttatus

gray catbir
d

brown thrasher

American robin

wood thrush

hermit thrush
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Table D - 2 . (continued).

Group Common name
Species

Passerines (perching birds)

(continued )

eastern bluebird

orchard oriole

summer tanager

solitary vireo

white- eyed vireo

red -eyed vireo

yellow -throated vireo

prothonotary warbler

yellow -throated warbler

northern parula warbler

pine warbler

black -and-white warbler

yellow -rumped warbler

prairie warbler

Kentucky warbler

hooded warbler

orange-crowned warbler

northern waterthrush

common yellowthroat

yellow -breasted chat

eastern meadowlark

common grackle

American redstart

ovenbird

cardinal

blue grosbeak

indigo bunting

painted bunting

rufous-sided towhee

starling

red -winged blackbird

brown-headed cowbird

rusty blackbird

LeConte's sparrow

field sparrow

chipping sparrow

Savannah sparrow

yellowthroat

Sialia sialis

Icterus spurius

Piranga rubra

Vireo solitarius

Vireo griseus

Vireo olivaceus

Vireo flavifrons

Protonotaria citrea

Dendroica dominica

Parula americana

Dendroica pinus

Mniotilta varia

Dendroica coronata

Dendroica discolor

Oporornis formosus

Wilsonia citrina

Vermivora celata

Seiurus novaboracensis

Geothlypis trichas

Icteria virens

Sturnella magna

Quiscalus quiscula

Setophaga ruticilla

Seiurus aurocapillus

Cardinalis cardinalis

Guiraca caerulea

Passerina cyanea

Passerina ciris

Pipilo erythrophthalmus

Sturnus vulgaris

Agelaius phoeniceus

Molothrus ater

Euphagus carolinus

Ammospiza leconteii

Spizella pusilla

Spizella passerina

Passerculus sandwichensis

Tropical introductions
Geothlypis rostrata

a . Sources: Smith , Sharitz, and Gladden (1981); Bildstein et al. ( 1994); Scott, Patterson, and Giffin (1990).
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Common name

Table D - 3 . Mammal
s

of Savanna
h River Site stream corridor

s and wetlands
.a

Family
Group

Species

Didelphidae

Soricidae

New World Opossums

Shrews

opossum

short-tailed shrew

least shrew

southeastern shrew

Moles

Talpidae

Cricetidae
New World

Rats andMice

star-nosed mole

eastern mole

marsh rice rat

pine vole

golden mouse

white-footed deer mouse

eastern wood rat

hispid cotton rat

muskrat

gray squirrel

fox squirrel

flying squirrel

white -tailed deer

feral swine

Tree Squirrels

Sciuridae

Deer
Cervidae

Old World Swine

Suidae

Didelphis virginiana

Blarina carolinensis

Cryptotis parva

Sorex longirostris

Condylura cristata

Scalopus aquaticus

Oryzomys palustris

Microtus pinetorum

Ochrotomys nuttalli

Peromyscus spp.b

Neotoma floridana

Sigmodon hispidus

Ondatra zibethicus

Sciurus carolinensis

Sciurus niger

Glaucomys volans

Odocoileus virginianus

Sus scrofa

Ursus americana

Procyon lotor

Urocyon cinereoarge
nteus

Castor canadensis

Lutra canadensis

Mustela frenata

Spilogale putorius

Mustela vison

Mephitis mephitis

Sylvilagus floridanus

Sylvilaguspalustris

Felix rufus

Lasiosycteri
s noctivagans

Pipistrellus subflavus

Lasiurus borealis

L. intermedius

L. seminolus

Plocotusrafinesquii

black bear

Bears raccoon

gray fox

Ursidae

Procyonidae

Canidae

Castoridae

Mustelidae

beaver

Raccoons

Coyotes and Foxes

Beaver

Weasels and Skunks

Rabbits

Leporidae

otter

long-tailed weasel

spotted skunk

mink

striped skunk

eastern cottontail

marsh rabbit

bobcat

silver-haired bat

eastern pipistrell
e

red bat

northern yellow bat

Seminole bat

Rafinesq
ue's

big-eared bat

Felidae
Bobcat

Bats
Vespertilionidae

a .

Sources: Smith , Sharitz, and Gladden (1982); Wike et al. (1994).

b . spp . = species (plural).
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TE

Table D -4 . Wetland types of the Steel Creek Corridor.a

Wetland types
Description

Aquatic bed - open water The outfall canalof L -Reactor contains open water bordered by persistent

herbaceous species and occasional shrubs.

Emergent - persistent Although the dominant herbaceousspecies vary with water depth and

location on the deltaic fan , scattered shrubs [buttonbush (Cephalanthus

occidentalis) and black willow (Salix nigra)] are usually present. Cut grass

(Leersia spp.b) is dominant with abundant redtop panicgrass (Panicum

agrostoides) as ground cover except under dense woody vegetation and in

the deeper stream channels.

These grasses are usually overtopped by knot grass (Scirpuscyperinus,

approximately 2.5 meters tall) which is the aspectdominant on aerial

photos aswell as on the ground. There are also several,nearly monotypic,

standsofcattail (Typha latifolia ).

Emergent - nonpersistent Thismapping unit is dominated by Polygonum lapathifolium with a border

ofpersistentherbs including cattail, burreed (Sparganium americanum ),

Canada rush (Juncus canadensis), and sugarcane beard grass (Erianthus

giganteus).

Scrub - shrub wetlands - broad Alder (Alnusserrulata ) is the dominant species in the corridor on Steel

leaved deciduous (Alnus serrulata ) Creek Corridorwith locally abundant waxmyrtle (Myrica Cerifera) and

willow (Salix sp. ). Beneath these shrubs, blackberry (Rubus spp.) is

abundantover a diverse herbaceous flora of Hypericum spp., false nettle

(Boehmeria cylindrica), goldenrod (Solidago canadensis), wapato

(Sagittaria latifolia ), jewelweed (Impatiens capensis), Polygonum spp .,

Aneilema keisak, cut grass, knot grass, and Ludwigia virgata . These herbs

also covered open areas along stream channels within this vegetation type

and are the dominant ground covers in someof the other woodymapping

units.

| TE

This mapping unit generally borders the stream channels and, throughout

most of the length of Steel Creek , extends nearly across the width of the

floodplain . Narrow strips ofyoung hardwood trees bordering the upland

are included in the boundary of this unit. The heightof the shrubs

decreases upstream from approximately 5 meters near the mouth ofSteel

Creek to 3 meters near the L -Reactor outfall. Density is also variable with

nearly impenetrable thickets between transects 60 and 70 and between

transects 20 and 40 but lower density between 40 and 60.

A dense shrub canopy composed of buttonbush and black willow

dominates this mapping unit near themouth of Steel Creek .

Scrub- shrub wetlands - broad

leaved deciduous (Cephalanthus

occidentalis - Salix nigra)

Forested wetlands - broad-leaved

deciduous (Salix sp .)

Willows exceeding 5 meters in height are dominantnear themouth of Steel

Creek and in a few locations near bridges and power lines further

upstream . Occasionally hardwood species (e.g., sweetgum (Liquidambar

styraciflua),red maple (Acer rubrum )] join the willow in the canopy.

Beneath the willow is a shrub layer of alder,wax myrtle , and blackberry

with sparse herb cover which includes someoftheplants listed in the

alder-dominated scrub -shrub wetlands.

TE

TE
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Table D - 4 . (continued ).

Wetland types Description

Forested wetlands - broad- leaved

deciduous (Alnus serrulata -Myrica

cerifera )

TE

Forested wetlands - broad-leaved

deciduous (Liquidamber

styraciflua-Acer rubrum -Salix sp .)

Wax myrtle and alder (up to 7 meters tall) are codominant, growing in

dense stands on most ofthe floodplain between transects 70 and 100.

Willow is also abundant. This shrub canopy is broken by occasional

hardwood trees (sycamore (Platanus occidentalis), sweetgum ,red maple]

on some of the more stable sandbars. Beneath the alder -wax myrtle

canopy is dense blackberry and a sparse covering of the herbs listed in the

alder -dominated scrub - shrub wetland description. These herbs are also

dominant in old stream bedswhich lack abundant woody vegetation.

Tree species common on the upland adjacent to Steel Creek have become

established on some of themore stable sandbars, at stream obstructions

such as bridges and dikes, and along the Steel Creek upland border,

especially upstream from L -Reactor. Themost frequent canopy species

include tulip tree (Liriodendron tulipifera), sycamore, redmaple and

sweetgum . Saplings of these trees, waxmyrtle, alder, blackberry , and

groundsel-tree (Baccharis halimifolia ) are abundant in the understory.

Although nearly half of the substrate surface is covered by leaf-litter ,

numerous herb and vine species grow beneath the trees. Chiefamong the

herbs are : sensitive fern (Onoclea sensibilis), false nettle, Hypericum spp.,

sericea (Lespedeza cuneata), and goldenrod. Themost frequent vines

include pepper vine (Ampelopsis arborea ), and honeysuckle (Lonicera

japonica).

This vegetation type is dominated by cypress (Taxodium distichum ) on

someportions of Steel Creek corridor with somewater gum (Nyssa

sylvatica var.biflora). In the Savannah River swamp system , cypress and

water typelo (N. aquatica) dominate this mapping unit.

TE

TE

T
E

TE Forested wetlands -mixed

deciduous (Taxodium distichum -

Nyssa sylvatica var. biflora)

a . Source: Smith , Sharitz, and Gladden (1981).

b . spp. = species (plural).

sp. = species (singular ).
c .
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Table D -5 . Species and quantities planted at L -Lake by Southern Tier Consulting between January and

August 1987.a

Scientific name Common name
Quantity planted

Submersed / floating-leaved zone

Brasenia schreberi Water shield < 1,000

<2,000Eleocharis acicularis

< 100

Spike rush

Bushy pondweed

American lotus

White waterlily

Floating heart

Pondweed

Najas gracillima

Nelumbo lutea

Nymphaea odorata

Nymphoides aquatica

Potamogeton pulcher

Potamogeton vaseyi

Vallisneria americana

< 1,000

> 2,000

< 100

< 1,000

Pondweed < 100

Water celery > 2,000

10 lbsc

> 2,000

<2,000

Carpet grass

Bacopa

Sedge

Sedge

Three-way sedge

Wild millet

< 100

< 100

25 lbsc

Burhead < 100

Spike rush

Spike rush

<2,000

<2,000

< 100

Emergentzone

Axonopus sp.b

Bacopa caroliniana

Carex comosa

Carex glaucescens

Dulichium arundinaceum

Echinochloa crusgalli

Echinodorus cordifolius

Eleocharis equisetoides

Eleocharis quadrangulata

Erianthus giganteus

Glyceria striata

Hydrochloa caroliniensis

Hydrocotyle umbellata

Juncus acuminatus

Juncus brachycarpus

Juncus effusus

Juncus diffusisimus

Leersia oryzoides

Lycopus rubellus

Panicum hemitomon

Panicum virgatum

Beard grass

Manna grass < 100

Grass < 1,000

Water pennywort
< 100

Rush < 100

Rush < 100

Soft rush > 2,000

Rush

Rice cutgrass

Water horehound

< 100

> 2,000

< 1,000

> 2000Panic grass

Switchgrass
10 lbsc
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Quantity planted

Common name

Knot grass

Smartweed

Pickerelwe
ed

Table D - 5. (continued).

Scientific name

Emergentzone (continued )

Paspalum distichum

Polygonum sp.

Pontederia cordata

Sagittaria latifolia

Scirpus cyperinus

Sparganium americanum

Typha domingensis

Typha latifolia

< 1,000

<2,000

< 1,000

2,000

< 2,000

Arrowhea
d

Bulrush

< 100

Bur reed

Cattail

Cattail

< 1,000

> 2,000

> 2,000

> 2,000

Upper emergent/shrub zone

Acer rubrum

Cephalanth
us

occidentali
s

Mikania scandens

Nyssa sylvatica

< 100

Red maple

Buttonbush

Climbing hempweed

Blackgum

Black willow

Cypress

> 2,000

> 2,000

> 2,000Salix nigra

Taxodium distichum

a. Source: Kroeger (1990).

b . sp . = species (singular).

Planted as a seed .
C.
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Salix spp.

Table D -6 . Annualmean whole lake species specific areal cover (square meters per hectare ) and

frequency, January -December 1992.a

Taxon Mean cover (m-/ha)b Frequency

Vallisneria americana 926.09 12

Potamogeton diversifolius 610.05 11

Typha latifolia 221.65 10

Hydrocotyle umbellata 76.75 16

Panicum hemitomon 70.95 15

Myrica cerifera 70.50 8

Leersia oryzoides 29.17 8

Alternanthera philoxeroides 28.09 14

Nelumbo lutea 25.21 2

Paspalum distichum
23.87 9

Baccharis halimifolia
20.66 8

Eleocharis quadrangulata
20.35 5

Juncus effusus 20.31 16

Paspalum notatum
17.83 4

12.60 16

Scirpus cyperinus
9.86 15

Sacciolepis striata
7.31 8

Alnus serrulata
6.74 4

Boehmeria cylindrica 6.07 10

Juncus dichotomus 5.36 11

Andropogon virginicus
4.72 9

3.58 9

Acer rubrum
3.30 12

Panicum scoparium
2.64

2.55 8
Lycopus spp.

Mikania scandens
2.38 8

2.36
Erechtites hieracifolia

6

2.31 9
Triaddnum walteri

Chara sp .
.d

1.99

1.60 3

Sagittaria latifolia

1.36 8

Cephalanthus occidentalis

1.25 4
Habenaria repens

1.22 7

Juncus validus

1.20 5

Cyperus spp.

1.05 8

Eupatorium spp .

1.03

Paspalum spp.

0.86 9

0.75 4

Pontederia cordata

0.70 7

0.63
Paspalum urvillei

0.39 4
Panicum sp .

0.37 5

Ludwigia leptocarpa
0.36 4

Ludwigia alternifolia

0.36
4

Geranium carolinianum

0.35
2

Rubus trivialis

0.33 3

Myriophyllum aquaticum

Rubus spp .

1
1

1

Aster spp .

Galium spp . 1
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Frequency

4

3

4

5

9

1
1

Bidens sp . 3

4

1
1

3

6

1
1
1

Carex spp. 2

1

Table D - 6 . (continued).

Taxon Mean cover (m²/ha)

0.31Polygonum densiflorum

0.28Lonicera japonica

0.26
Platanus occidentalis

Polygonum sp .
0.26

Solidago sp. 0.26

Lemna spp . 0.24

Micranthemum umbrosum 0.22

0.21

Murdannia keisak 0.20

Juncus sp . 0.19

Lespedeza sp . 0.18

Hypericum hypericoides 0.17

Lactuca sp. 0.15

Polygonum punctatum 0.13

Cyperaceae 0.12

Populus deltoides 0.12

Chenopodium sp . 0.10

Erianthus giganteus 0.10

0.08

Toxicodendron radicans 0.08

Hypericum sp . 0.07

Polygonum sagittatum 0.07

Digitaria sp . 0.07

Juncusmarginatus 0.07

Campsis radicans 0.06

Ludwigia decurrens 0.04

Hibiscus sp .
0.04

Furiena sp .
0.03

Pyrrhopappus carolinianus 0.03

Gelsemium sempervirens 0.03

Ptilimnium sp .
0.02

Rumex hasatatulus
0.02

Gnaphalium purpureum 0.02

Ampelopsis arborea 0.02

Ceratophyllum demersum 0.02

Rubus argutus

0.01

Ludwigia palustris
0.01

Pluchea sp .
0.01

Taraxacum officinale
0.01

Acalypha gracilens
0.01

Desmodium sp .
0.01

Source: Westbury (1993 ).

b . To convertsquaremeters per hectare to square feet per acre,multiply by 4.355.

spp. = species (plural).

d . sp . = species (singular).

4

2

1
1

3

2

2

1

2

1

3

2

1
1
1

1اید
1
1
1

a .

C.
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Table D - 7 . Taxa present (greater than 2 percent abundance ) in the vegetation and seed bank.

Species Depths

Acer rubrum L. A , W

AAcer negundo L.

Alternantha philoxeroides Grisebach A , W , 33

( A , W , 33,66, 1)

(W )

(W )

Ambrosia artemisiifolia L.

Ammannia coccinea Rottboell

Andropogon spp. A , W

(A , W )

Aneilema keisak Hasskarl. A , W

Aster pilosus Willd

( A , W , 33, 66, 1)

( W )

WAzolla spp .

(W )

Baccharis halimifolia L.
A

( A , W , 33, 1)

Bacopa caroliniana Robinsona A , W

Bidens spp. A

Boehmeria cylindrica Swartz A , W

(A , W , 33, 66 )

A
Cephalanthus occidentalis L.

Carex spp.b
A , W

( A )

(A , W , 33, 66, 1)

A

Carex albolutescens Schweinitz

Cenchrus longispinus Fernald

Cyperus spp .

Cyperus ovularis Torrey

Cyperus strigosus L.

Digitaria spp.

Digitaria ischaemum Schreber

Echinochloa crusgalli Beauvoisa

(A , W , 33 , 66 , 1)

(A , W , 33 , 66 , 1)

( A , W , 33, 66 , 1)

( A , W , 33 , 1 )

( A , 66 )

A

(A , W , 33 , 66 )

( A , W , 33, 1)

W

Eclipta alba Hasskarl

Eleocharis accicularis Roemer, Schultes

Eleocharis quadrangulata Schultesa A , W , 33

( A , W , 33)

Erechtites hieracifolia Raf.
A , W

( A , W , 66 , 1 )
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Table D -7 . (continued ) Depths

Species

A

Erigeron spp.

Eupatori
um capillifol

ium
Small

(A , W , 33,66, 1)

A

(A , W , 33, 66 , 1)

( A , W , 1)
Fuirena squarrosa Michaux

A

Galium spp .

( A )

W
Gelsemium semperviren

s
W.T.Aiton

Gnaphalium spp .

Gratiola virginiana L.

Habenaria repens Nuttall

( A , W , 33 , 1)

( A )

A

Hydrocotyl
e
umbellata L.a

( A )

A , W , 33 , 66 , 1

( A , W , 33 , 66 , 1)

A

( A , 1)

Hypericum spp .

А

Juncus spp .

( A , W , 33,66 , 1)

(A , W , 33 , 66 )

(A , W , 33, 66 )

Juncus debilis Gray

Juncus dichotomus Ell.

Juncusdiffusissimus Buckleya
A

( A , W , 33 , 66 , 1)

A , W

Juncus effusus L.a

( A , W , 1)

A
Juncus tenuous Willd .

A , W

Leersia spp .

Leersia hexandra Swartza
A , W

( A , W )

W

Lemna spp.

( A )

( A , W , 33 , 66 , 1)

A , W

Lespedeza cuneata G.Don

Linaria canadensis Dumont

Ludwigia spp .

Ludwigia alternifolia L.

Ludwigia decurrensWalter

Ludwigia leptocarpa Hara

( A , W , 33 )

( A , W , 33 , 1)

A

( A , W , 33 ,66, 1)

( A , W , 33 , 1)
Ludwigia palustris Ell.

Lycopus spp .
( W )
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Table D - 7. ( continued)

Species

Lycopus americanusMuhl.

Depths

A

( A )

( A )Lycopus rubellusMoencha

Mikania scandensWilld .a A , W

Mollugo verticillata L.

Myrica cerifera L.

(A , W )

( A , 1)

A , W

(A )

WMyriophyllum spp .

Nelumbo lutea Persoona

Panicum spp .

Panicum ancepsMichaux

Panicum hemitomon Schultesa

(A )

33, 66 , 1

(A , W , 33 , 66 , 1)

( A , W , 66 , 1)

A , W

( A , W , 33, 66 )

W
Parthenocissusquinquefolia Planchon

Paspalum spp .

Paspalum notatum Parodi

( 1 )

A , W

(W )

АPaspalum urvillei Steudel

Phytolacca americana L.

( A )

W

(W )

(W , 1)Pluchea foetida de Candolle

Polygonum spp .
W

Polygonum densiflorum Meissnerb

Polygonum hydropipereoidesMichauxb

( W , 33, 1)

( A , W )

A , W , 1

(A , W , 33 , 66 )

A
Polygonum sagittatum L.b

( A , W , 1)

( A , W , 33, 66 , 1)

A

Polypremum procumbens L.

Pontederia cordata L.

Potomogeton diversifolius Raf.

Ptilimnium capillaceum Raf.

A , W , 33, 66, 1

A , W

( A , W )

A
Raphanus raphanistrum L.

( A )
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DepthsTable D -7 . (continued)

Species

Rorippa islandica Borbas
( 1)

A , W

Rubus spp.
( A , W , 66 , 1)

A

Rumex acetosell
a L.

Sacciolep
is

striata Nasha
A , W

( A , W , 33 ,66, 1)

A , W

Sagittari
a

latifolia L.a

(A , W )

A , W

Salix nigra Marshall

Scirpus cyperinus Kunth

A , W

(A , W , 33,66 , 1)

( W )

( A , W , 33 ,66)

Setaria geniculata Beauvois

Solidago spp .

Solidago rugosa .Miller

A

Specularia perfoliata de Candolle

Sphenopho
lis

obtusata Scribner

Typha latifolia L.a

( A , W )

( A , W )

( A , W , 33)

A , W , 33, 66

( A , W , 33,66, 1)

W

Ulmus spp .

A , W , 33, 66 , 1
Vallisneria americana Michauxa

a . Planted species.

b . Multiple ormixed species planted.
Note: Seed bank taxa in parentheses; at each depth 1 above waterline A; at thewaterline W ; and at 33 cm ,66 cm ,

and 1 m below waterline.
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Summer 1957

stations

w

5 3 4 5

X X X

X X

X X X

X X X

X X X

X x X

X X X

Black gum X X X

X x X

X X X

X x

X X

X X

.

X X X

X X X

X X X

X X

Table D -8 . Species present in Steel Creek area 1956-1957.a

Summer 1956

Species surviving in Steel Creek stations

Scientific name Common name 4

Cephalanthus occidentalis Common buttonbush X x

Bigonia radicans Cow itch X X

Rhusradicans Poison ivy x

Taxodium distichum
Baldcypress X

Ampelopsis arborea Pepper vine X

Fraxinus caroliniana Water ash X

Acer rubrum Redmaple X

Nyssa sylvatica X

Boehmeria cylindrica False nettle X

Quercusnigra Water oak X

Smilax rotundifolia Greenbrier X

Triadenum walteri St. John's-wort X

Ulmus americana American elm X

Carpinus caroliniana
Bluebeech

Salix nigra Black willow

Nyssa aquatica Water tupelo

Liquidambar styraciflua Sweetgum
X

Mikania scandens
Climbing hempvine

х

Itea virginica Virginia willow X

Ludwigia palustris Waterpurslane X

Smilax laurifolia Laurelleaf smilax

Smilax smallii Greenbrier

Osmunda regalis Royal fern

Polygonum hydropiperoides Water pepper

Robinia Locust

Platanus occidentalis
Sycamore

Decumaria barbara Wood vamp X

Sambucuscanadensis Common elder X

Willow oak XQuercus phellos X

Vitis rotundifolia Muscadine grape X

Tilia heterophylla Basswood

хBerchemia scandens Supple jack

X
Lonicera japonica Japanese honeysuckle

Alnus serrulata Smooth alder

Liriodendron tulipifera Tulip tree

Gelsemium sempervirens
Yellow jessamine

Rhus toxicodendron Poison oak

хSabalminor Dwarf palmetto

XLobelia cardinalis Cardinal flower

X

X

X

X X

X X

X X

X X

X X

X X

х

X

X

X X

X

X

X

X
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Table D -8 . (continued ). Summer 1956

stations

4

Summer 1957

stations

4

5

5 3

3

X

x

x

Species surviving in Steel Creek

Scientific name
Common name

Wisteria frutescens

Wisteria

Quercus lyrata
Overcup oak

Smilax bona-nox
Greenbrier

Quercus laurifolia

Laureloak

Carya aquatica
Water hickory

Arundinaria tecta
Switch cane

Saururus cernuus
Lizard's tail

X

X

X

X

a . Source: Welbourne (1958 ).

Ilex opaca

Table D -9 . Species typically growing along Steel Creek which havenot been able to survive floodinga

Scientific name

Common name

Pinus taeda
Loblolly pine

Cornus florida

Flowering dogwood

Ilex glabra
Inkberry

American holly

Lyonia lucida
Fetterbush

Magnolia virginiana Sweetbay

Myrica cerifera
Southern waxmyrtle

Osmunda cinnamomea Cinnamon fern

Persea palustris
Swampbay

Quercus falcata

Southern red oak

Quercus michauxii
Swamp chestnut oak

a . Source: Welbourne (1958) .
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--

Table D -10. Plant species in the SteelCreek Corridor, Summer 1981.a

Scientific name Common name

Aspidiaceae

Athyrium asplenioides Southern lady fern

Onoclea sensibilis Sensitive fern

Blechnaceae

Woodwardia areolata Netted chain -fern

Pinaceae

Pinus taeda Loblolly pine

Taxodiaceae

Taxodium distichum Bald cypress

Typhaceae

Typha latifolia
Common cattail

Sparganiaceae

Sparganium americanum Bur reed

Alismataceae

Sagittaria latifolia Wapato , duck -potato

Poaceae

Uniola latifolia

Elymus virginicus

Leersia

Panicum agrostoides

Panicum dichotomum

Erianthus giganteus

River oats

Wild rye grass

Cut grass

Redtop panicgrass

Spreading witchgrass

Sugarcane beard grass

Knot grass

Cyperaceae

Scirpus cyperinus

Rhynchospora corniculata

Carex glaucescens

Araceae

Peltandra virginica
Arrow arum

Commelinaceae

Commelina virginica

Aneileme keisak

Dayflower
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Common nameTable D - 10. (continued).

Scientific name

Juncaceae

Juncus effusus

Juncus canadensis

Common rush

Canada rush

Liliaceae

Smilax rotundifoli
a

Smilax glauca

Greenbrier

Sawbrier

Saururaceae

Saururus cernuus

Lizard's tail

Salicaceae

Salix

Willow

Myricaceae

Myrica cerifera

Waxmyrtle

Betulaceae

Alnus serrulata

Tag alder

Fagaceae

Quercus laurifolia

Laurel oak

Ulmaceae

Celtis laevigata

Sugarberry

Urticaceae

Boehmeria cylindrica

False nettle

Pinkweed

Hairy knotweed

Polygonaceae

Polygonum pensylvanicum

Polygonum hirsutum

Polygonum persicaria

Polygonum hydropiperoides

Polygonum sagittatum

Polygonum lapathifolium

Waterpepper

Arrow -leaved tearthumb

Magnoliaceae

Liriodendron tulipifera

Magnolia virginiana

Tulip tree

Sweet bay

Saxifragaceae

Itea virginica

Virginia willow
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Common name

Table D - 10 . (continued).

Scientific name

Hamamelidaceae

Liquidambar styraciflua Sweetgum

Platanaceae

Platanus occidentalis Sycamore

Rosaceae

Rubus

Prunus serotina

Amelanchier

Blackberry

Black cherry

Serviceberry

Fabaceae (Leguminosae)

Lespedeza cuneata

Apios americana

Sericea

Groundnut

Anacardiaceae

Rhus copallina Winged sumac

Aquifoliaceae

Ilex opaca Holly

Aceraceae

Acer rubrum Red maple

Balsaminaceae

Impatiens capensis
Jewelweed

Rhamnaceae

Berchemia scandens Supple jack

Vitaceae

Parthenocissus quinquefolia

Vitis rotundifolia

Ampelopsis arborea

Virginia creeper

Muscadine

Pepper vine

Hypericaceae

Hypericum hypericoides

Hypericum mutilum

Hypericum walteri

St. Andrew's cross

Dwarf St. John's-wort

Marsh St. John's-wort

Primrose willow

Onagraceae

Ludwigia decurrens

Ludwigia leptocarpa

Ludwigia virgata
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Common nameTable D - 10. (continued).

Scientific name

Apiaceae (Umbelliferae )

Cicuta maculata

Water hemlock

Water gumNyssaceae

Nyssa sylvatica var. biflora

Cornaceae

Cornus florida

Flowerin
g
dogwood

Persimmon
Ebenaceae

Diospyros virginiana

Privet
Oleaceae

Ligustrum

Yellow jessamine
Loganiac

eae

Gelsemiu
m sempervi

rens

Polyprem
um procumbe

ns

Compac
t
dodder

Convolvulace
ae

Cuscuta compacta

Cuscuta gronovii

Dodder

Hydrophyl
laccae

Hydrolea quadrivalvi
s

Verbenaceae

Callicarpa americana

French mulberry

Lamiaceae (Labiatae)

Scutellaria lateriflora

Lycopus americanus

Lycopus rebellus

Skullcap

Bugleweed

Water horehound

Scrophular
iaceae

Mimulus alatus

Monkey flower

Bignoniace
ae

Campsis radicans

Trumpet vine , cow -itch vine

Button bush
Rubiaceae

Cephalanthus occidentalis

Galium tinctorium
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Common name

Table D -10. (continued).

Scientific name

Caprifoliaceae

Lonicera japonica

Sambucus canadensis

Japanese honeysuckle

Elderberry

Asteraceae (compositae)

Eupatorium capillifolium

Mikania scandens

Baccharis halimifolia

Aster

Solidago canadensis

Solidago gigantea

Solidago rugosa

Dog- fennel

Climbing hempweed

Groundsel-tree

Aster

Goldenrod

Goldenrod

Goldenrod

a . Source: Smith , Sharitz , and Gladden (1981).
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Table D - 11. Plant species found in Steel Creek Delta, Summer 1981.a

Scientifi
c
name

Common name

Ophiogloss
aceae

Botrychium

Grapefern

Osmundac
eae

Osmunda regalis spectabilis

Royal fern

Sensitive fernAspidiac
eae

Onoclea sensibilis

Aspleni
aceae

Aspleniu
m

platyneu
ron

Ebony spleenwort

Azollace
ae

Azolla carolinia
na

Mosqui
to

fern

Taxodiacea
e

Taxodium distichum
Bald cypress

Typhaceae

Typha latifolia

Commo
n cattail

Sparganiacea
e

Sparganium americanum

Bur reed

Pondweed
Potamogeton

aceae

Potamogeton berchtoldii

Burhead
Alismataceae

Echinodorus cordifolius

Sagittaria graminea

Sagittaria latifolia

Wapato , duck-potato

Giant cane

Cut grass

Vasey grass

Poaceae

Arundinaria gigantea

Leersia

Paspalum urvillei

Paspalum fluitans

Panicum agrostoides

Panicum gymnocarpon

Panicum

Redtop panicgrass
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Table D -11. (continued).

Scientific name Common name

Sheathed cyperus

Cyperaceae

Cyperus haspan

Cyperus

Eleocharis

Eleocharis quadrangulata

Scirpus cyperinus

Rhynchospora corniculata

Carex joorii

Carex

Knot grass

Aracaceae

Sabalminor Palmetto

Lemnaceae

Spirodela oligorrhiza

Lemna perpusilla

Wolffia papulifera

Duckweed

Water-meal

Bromeliaceae

Tillandsia usneoides Spanish moss

Commelinaceae

Commelina virginica

Aneilema keisak

Dayflower

Juncaceae

Juncus effusus
Common rush

Liliaceae

Smilax rotundifolia

Smilax bona-nox

Smilax walteri

Smilax tamnoides

Medeola virginiana

Greenbrier

Catbrier

Coral greenbrier

Bristly greenbrier

Indian cucumber-root

Orchidaceae

Spiranthes
Ladies' tresses

Saururaceae

Saururus cernuus
Lizard's tail
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Common name
Table D - 11. (continued).

Scientific name

Salicaceae

Salix nigra

Populus deltoides

Populus heterophylla

Black willow

Cottonw
ood

Swamp cottonwo
od

Wax myrtle
Myricacea

e

Myrica cerifera

Water hickory
Jugland

aceae

Carya aquatica

Ironwood
Betulaceae

Carpinus caroliniana

Fagaceae

Quercus lyrata

Quercus michauxii

Quercus laurifolia

Quercusnigra

Overcu
p

oak

Swam
p

chestn
ut

oak

Laureloak

Water oak

Ulmaceae

Ulmus americana

Ulmus alata

Planera aquatica

Celtis laevigata

American elm

Winged elm

Water elm

Sugarberry

Urticaceae

Boehmeria cylindrica

False nettle

Waterpepper
Polygonaceae

Polygonum hydropiperoides

Polygonum lapathifolium

Polygonum sagittatum

Arrow - leaved tearthum
b

Phytolaccace
ae

Phytolacca americana
Poke

Ceratophyllaceae

Ceratophyllum demersum

Hornwort
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Common name

Table D - 11. (continued ).

Scientific name

Nymphaeaceae

Nuphar luteum Cow -lily

Saxifragaceae

Itea virginica

Decumaria barbara

Virginia willow

Climbing hydrangea

Hamamelidaceae

Liquidambar styraciflua Sweetgum

Platanceae

Platanus occidentalis Sycamore

Rosaceae

Rubus

Crataegus

Blackberry

Hawthorn

Fabaceae

Gleditsia aquatica

Wisteria frutescens

Apios americana

Water locust

Wisteria

Groundnut

Meliaceae

Melia azedarach
China-berry

Callitrichaceae

Callitriche heterophylla
Water starwort

Anacardiaceae

Rhus radicans Poison ivy

Aquifoliaceae

Ilex ораса
Holly

Possum haw
llex decidua

Acaraceae

Acer rubrum
Red maple

Hippocastanaceae

Aesculus pavia

Aesculus sylvatica

Red buckeye

Buckeye
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Common nameTable D -11. (continued ).

Scientific name

Balsaminaceae

Impatiens capensis

Jewel-weed

Rhamnaceae

Berchemia scandens

Rattan vine

Vitaceae

Vitis rotundifolia

Vitis aestivalis

Ampelopsis arborea

Muscadine

Summer grape

Pepper vine

Malvaceae

Hibiscus militaris

Halbard - leaved marsh mallow

Hypericaceae

Hypericum walteri

Hypericum mutilum

Marsh St. John's-wort

Dwarf St. John's-wort

Violaceae

Viola

Violet

Primrose willow
Onagraceae

Ludwigia decurrens

Ludwigia leptocarpa

Ludwigia palustris

Water purslane

Haloragaceae

Myriophyllum brasiliense
Parrot- feather

Apiaceae (Umbelliferae)

Hydrocotyle ranunculoide
s

Hydrocotyle

Cicuta maculata

Marsh pennywort

Marsh pennywort

Water hemlock

Nyssaceae

Nyssa aquatica

Tupelo gum , water tupelo

Oleaceae

Fraxinus caroliniana

Fraxinus americana

Forestiera acuminata

Water ash

White ash

Swamp privet
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Table D - 11. (continued ).

Scientific name Common name

Asclepiadaceae

Asclepias Milkweed

Convolvulaceae

Cuscuta Dodder

Hydrophyllaceae

Hydrolea quadrivalvis Hydrolea

Lamiaceae (Labiatae)

Scutellaria lateriflora

Lycopus virginicus

Lycopus rubellus

Skullcap

Bugleweed

Water horehound

Scrophulariaceae

Mimulus alatus

Mimulus ringens

Monkey flower

Monkey flower

Bignoniaceae

Campsis radicans
Trumpet vine, cow -itch vine

Lentibulariaceae

Utricularia subulata
Bladderwort

Acanthaceae

Justicia ovata Water-willow

Rubiaceae

Cephalanthus occidentalis

Diodia virginiana

Galium obtusum

Galium tinctorium

Button bush

Larger buttonweed

Bedstraw

Caprifoliaceae

Lonicera japonica
Japanese honeysuckle

Campanulaceae

Sphenoclea zeylandica

Lobelia cardinalis
Cardinal flower

D - 29



DOE/EIS -0268

Common nameTable D - 11. (continued).

Scientific name

Loganiaceae

Gelsimium sempervirens

Yellow jessamine

Asteraceae (Compositae)

Mikania scandens

Pluchea rosea

Aster

Solidago gigantea

Bidens frondosa

Climbing hempwee
d

Marsh - fleabane

Aster

Goldenro
d

Begg
ar ticks

a .

Source: Smith , Sharitz, andGladden (1981) .
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TE

TE
TE

Table D -12. Wetland types of the Steel Creek Delta.a

Wetland types
Description

Aquatic bed - rooted vascular In the canopy-reduced-deepwater zone,where the main flow of Steel Creek

(Myriophyllum brasiliense ) courses northeasterly , the ground aspect is one of open water, approximately

2 meters deep beneath scattered live bald cypress (Taxodium distichum ) trees

which are remnants from the pre- Savannah River Site swamp. Scattered

stumps of dead trees occur bearing shrubs (e.g., buttonbush (Cephalanthus

occidentalis), Virginia willow (Itea virginica)], young trees (e.g., water ash

(Fraxinus caroliniana ),water elm (Planera aquatica)], and herbs (e.g., false

nettle (Boehmeria cylindrica ), marsh St. John's-wort (Hypericum walteri)].

Patches of duckweed (Lemna perpusilla) collect on mats ofsubmerged

vascular plants such as hornwort (Ceratophyllum demersum ) and parrot

feather (Myriophyllum brasiliense ) which root on subsurface logs, tree and

stumpbases. Where thewater flow is slow , Polygonum lapathifolium forms

dense colonies.

Emergentwetland - persistent Persistent emergentmonocots dominate a large area (17.7 percentof the

(Leersia spp .) delta) ofthe deltaic fan . Except during extreme drought periods, the water

levelduring the growing season is 10 to 50 centimeters deep , excluding old

stream channels which are asmuch as 1 meter deep.

Although the dominantherbaceous species vary with water depth and

location on the deltaic fan, scattered shrubs (buttonbush and black willow

(Salix nigra)] are usually present. Cut grass (Leersia spp.) is dominantwith

abundant redtop panicgrass (Panicum agrostoides) as ground cover except

under dense woody vegetation and in the deeper stream channels.

These grasses are usually overtopped by knot grass (Scirpus cyperinus,

approximately 2.5 meters tall) which is the aspect dominanton aerial photos

as well as on the ground. There are also several,nearly monotypic , stands of

cattail (Typha latifolia ). The numerous old stream channels which cross the

deltaic fan are dominated by the herbaceous species characteristic of the

Nonpersistentemergentwetland (see below ).

Emergent - nonpersistent Thismapping unit is characterized by emergent vascular plants that die back

(Hydrolea quadrivalvis)
to the ground during the winter. Relativelymonospecific, aswell as mixed ,

colonies of hydrolea (Hydrolea quadrivalvis), Aneilema keisak, waterpepper

(Polygonum hydropiperoides), water purslane (Ludwigia palustris), and

wapato (Sagittaria latifolia) dominate. These characteristic, nonpersistent

species are also common in old stream beds throughoutthe deltaic fan in the

Persistent emergentand Scrub-shrub wetland types.

Standing dead trees and stumps are numerousand bear characteristic stump

community vegetation including buttonbush ,water ash, water elm , false

nettle , and marsh St. John's-wort.

Scrub- shrub wetland - broad On the deltaic fan , where the water is less than 50 centimeters deep (deeper

leaved deciduous (Cephalanthus in stream channels ), buttonbush or black willow dominate the uppermost

occidentalis - Salix nigra) layer. Buttonbush dominates the canopy in some areas and composes the

understory of sites dominated by willow (Salix sp .). Knot grass joins the

woody species in the upper stratum while cut grass covers most of the

ground. Redtop panicgrass, beggar ticks (Bidens frondosa ), false nettle, and

marsh St. John's-wort are common in many places. Climbing hemp

(Mikania scandens) and pepper vine (Ampelopsis arborea) are vineswhich

are frequently found in the shrubland. Within the Scrub-shrub wetland there

are also open areas of Persistent emergent wetland and old stream channels

dominated by herbs.

|TE
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Table D -12. (continued).

Wetland types Description

Mixed scrub -shrub/nonpersistent In the delta , shrubs and young trees (buttonbush , Virginia willow ,water elm ,

emergentwetland (Cephalanthus water ash ) are restricted to themany stumps remaining from the original

occidentalis/Polygonum forest. Numerous livebald cypress (20 meters tall) are scattered about. The

lapathifolium ) stump bases have the characteristic stump-community herbs (false nettle and

marsh St. John's-wort) as well as several vines including poison ivy (Rhus

radicans), pepper vine, and wisteria (Wisteria frutescens).

Forested wetlands - broad- leaved Black willow trees over 5 meters tall dominate themore elevated portionsof

deciduous (Salix nigra) the deltaic fan with buttonbush as an understory . The ground is dry or

flooded by less than 15 centimeters ofwater. Theherbaceous vegetation

under the willow is relatively sparse due to the density of canopy closure.

Small patches of herbs include: redtop panicgrass, waterpepper, false nettle,

marsh St. John's -wort, and sensitive fern (Onoclea sensibilis).

Forested wetlands - broad-leaved Adjacent to , and slightly higher in substance elevation than the
TE

deciduous (Quercus lyrata - cypress -tupelo (Nyssa aquatica) swamp, is an area of broad-leaved deciduous

Carya aquatica - Nyssa trees. Although dry duringmost ofthe growing season, this area is subject to

aquatica) seasonal flooding of longer duration than areas on the deltaic fan . Several of

the more common species in this vegetation type leaf-outlate in the season

and can withstand flooding that lasts even as late as July.

Forested wetlands - broad -leaved Thismapping unit is found only on islands in the swampwhich are slightly

deciduous (Quercus laurifolia) higher in elevation than the surrounding swampand therefore inundat for

shorter periods. The canopy (over 20 meters tall) contains laureloak

TE|
(Quercus laurifolia ), overcup oak (Quercus lyrata ),swamp chestnut oak

(Queras michauxii), redmaple (Acer rubrum ), and water hickory (Carya

aquatica).

Forested wetlands -mixed
The natural cypress-typelo swamp typifying the pre -Savannah River Plant

deciduous (Taxodium distichum - swamp composition extends beyond the delta to the Savannah River. Water

Nyssa aquatica)
to 2 meters deep flows slowly over a shallow substrate (less than 0.5 meter

deep) oforganic and fine particulate material. Flooding is maintained during

the growing season by regulation of reservoir levels upstream on the

Savannah River and by flow from Fourmile Creek and Pen Branch .

Forested wetland - mixed

This mapping unit occupies a portion of the delta to the west of the deltaic
forested /scrub -shrub wetland

fan. A patchy canopy of bald cypress (greater than 20 meters tall) covers

(Taxodium distichum
about50 percent of the zone. The understory is a mixture ofbuttonbush,

Cephalanthus occidentalis ) water ash , and water elm . Cut grass dominates the ground cover with

abundant marsh St. John's-wort and beggar ticks. Open areas where the

cypress canopy is very sparse are dominated by species of the Nonpersistent

emergent wetland intermixed with many stumps bearing woody growth .

Thewater varies from 50 to 80 centimeters deep (except in channels) over a

deep (more than 50 centimeters) substrate of organic and fine inorganic

sediment.

a . Source: Smith , Sharitz ,and Gladden (1981).

b . spp. = species (plural).
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APPENDIX E

PUBLIC COMMENTS AND DOE RESPONSES

DRAFT ENVIRONMENTAL IMPACTSTATEMENT

SHUTDOWN OF THE RIVER WATER SYSTEM AT THE SAVANNAH

RIVER SITE

E.1 Introduction

DOE identified the revision by a vertical line

(change bar) in the margin of the document

along with a letter-code.

Hearings H1

Letters L1 though L16

The U.S. Department of Energy (DOE )

published the Draft EnvironmentalImpact

Statement (EIS) on the Shutdown of the River

Water System in November 1996. DOE

announced the availability of the document in

the Federal Register on November 15 , 1996 .

On December 4 , 1996, DOE held public

meetings to receive oral and written comments

on the Draft EIS in North Augusta , South

Carolina. The public commentperiod ended on

December 30, 1996. The Final EIS (FEIS) is

available for review in DOE reading roomsin

Washington, D.C.and Aiken , South Carolina,

and DOE has distributed it to individuals, public

agencies, Federal and state officials who

requested a copy, and to personsand agencies

who commented on the Draft EIS.

DOE numbered the specific comments in each

letter or oral presentation sequentially (01, 02,

etc.) to provide unique identifiers. Table E - 1

lists the individuals, governmentagencies, and

other organizationsthat submitted comments

and their unique identifiers . The hearing

comments are organized in categories, which

are discussed below .

Court reporters documented comments from 29

people in official transcripts. DOE also

received 16 letters on the Draft EIS through

regular mail, facsimile transmission (fax ), and

electronic mail (E -mail). Five of the letters

were from Federalagencies and three were from

agencies and officesof the State of South

Carolina.

The comments and statements reflected a

number of issues aboutthe EIS. The following

sections describe those issues and provide

responses to the comments. The U.S.

Environmental Agency (EPA) gave the Draft

EIS a rating of EC -2, which means that EPA

had environmental concerns about the project

and that it wanted more information to assess

the impacts fully . In particular, the issue of

ecological risks warranted further discussion in

the Final EIS . EPA stated that “ overall the draft

EIS is wellwritten and illustrated . Weagree

that the format used enhances the clarity of the

presentation ofanalyses."

Thisappendix presents the comments received

and the DOE responses to those comments. It

includes comments made atthe public meetings

and the letters submitted to DOE. If a statement

or comment prompted a revision to the EIS ,

E - 1
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Table E - 1. Public Commen

ts on the Draft River Water Environ
mental Impact Stateme

nt.

Commen
t
Received at the Decembe

r
4, 1996 PublicMeeting

Page No.

Comment Source

Number

Commentor

E - 9

Karen Patterson

H1

Correspo
ndence

Received from Governm
ent

Agencies and the Public

Page No.

Commentsource

Number
Commentor

E -12

E - 14

E - 16

E - 18

L1

L2

L3

L4 E -21

L5 E -24

L6 E -26

L7 E -34

L
8

E -39

L9

Todd V. Crawford

Todd V.Crawford

K.G.Craigo

AndreasMager, Jr.

NationalMarine Fisheries Service

John G.Irwin

Savannah River Forest Station

Robert E.Duncan

South Carolina Departmen
t
of NaturalResources

I. Lehr Brisbin , Jr.

Savannah River Ecology Laboratory

F. Ward Whicker

Colorado State University

Tim Connor

Energy Research Foundatio
n

Heinz J.Mueller

U.S.Environmenta
l
Protection Agency

Gary Wein

Savannah River Ecology Laboratory

W.Lee Poe, Jr.

Sally C.Knowles
South Carolina Departme

nt
ofHealth and Environm

ental Control

Rodney P.Grizzle

Office of theGovernor

Citizen Advisory Board

Willie R.Taylor

U.S.Departmen
t of the Interior

E -52

L10 E -64

L11
E -71

E -75

L12

L13
E -80

L14
E -91

E - 95

L15

L16

E - 2
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E.2 Synopsis of Comment Categories

Future Missions/Costs Land Use/Privatization

DOE wrote this EIS to determine if, in a period

of decreasing funding, it should continue to

operate the River Water System at the Savannah

River Site; the system has no currentmission

and will becomemore expensive to operate .

The proposed action of the EIS is to shutdown

the RiverWater System and to place all or part

of the system in a standby condition that would

enable restart if conditions ormission changes

required its operation . Commentors expressed

concerns about the true cost savings that

shutdown would bring or how future unknown

missions could require the use ofthe system .

One organization expressed concern that

shutdown mightbe " pennywise and dollar

foolish ” (Energy Research Foundation letter L9

ofDecember 30, 1996 ) because the recession of

L -Lake could undermine the DOE

environmental remediation program . Six

commentorsmade 15 comments on future

mission and cost issues.

DOE discussed land use in the 1996 SRS Future

Use ProjectReport, which summarized

stakeholder- preferred future use

recommendations thatDOE uses to consider

ongoing and future land useneeds. The report

recommended unchanged SRS boundaries and

maintenance of the land under Federal

ownership; prohibition ofresidential uses of

SRS land;multiple land uses (e.g., recreation,

natural resource management) and consideration

of privatization , and pursuit of natural resource

managementwhere possible. Three letters and

onemeeting commentdiscussed future land

use/privatization issues .

Human (Occupationaland Public )

Health /Ecological Risk

Loss of Terrestrial, Aquatic, or Wetlands

Habitat/Effects on Endangered Species

The implementation of the shutdown

alternatives would cause a reduction in habitat

for fish ,amphibians, reptiles, semiaquatic

mammals,wading birds, and waterfowl; replace

the reservoir ecosystem with a small stream

ecosystem ; potentially expose animals foraging

in the lakebed after drawdown to contaminated

sediments, cause a loss of submerged and

floating-leaved aquatic plants; cause a loss of

foraging habitat for bald eagles; potentially

ex ose wood storks to increased levels of

contaminants; and over timedisplace L -Lake

alligators. Commentors in 12 letters and in both

sessions of the public hearing expressed concern

about these impacts .

Analysis of the proposed action indicates that

the level of L -Lake would recede to the original

Steel Creek stream channel, thereby exposing

contaminated sediment, and that the surface

water level of Par Pond would continue to

fluctuate naturally near full poolofabout200

feet. The changes in the lakebed would expose

sediments ( e.g., a lake level of 196 feet would

expose about 340 acres of sediment). The

exposed sediment would dry and could become

suspended in the atmosphere, available for

inhalation by onsite workers and the offsite

population within 50 miles. DOE would also

stop pumping water to the reactor areas and

stream flows would revert to original levels,

which would not expose additional sediments.

Minimal impacts would occur from increased

concentrations of contaminants in the affected

streams. The effects of increased concentrations

are addressed in Sections 4.2.8.2 and B.6 . Four

comment letters and several meeting

participants expressed concerns about human

E -3
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health risks from radiologi
cal

exposure; several

letters were concerned about ecologica
l

risk .

Potentia
l
Remedia

tion and NEPA /CERCL
A

Integrat
ion

implemen
t
before shutting the system down or

continuin
g
operation with a small pump. DOE

also considers potential future actions that could

affect decisions on appropria
te

actions for the

River Water System . Comment
ors

in three

letters and at the meetings expressed concerns

aboutcoordinat
ing

the EIS and FFA processes,

expeditin
g
the FFA process to facilitate the

implement
ation

of cleanup and operationa
l

shutdown activities, and the possibilit
y
of an

expensiv
e
cleanup action .

DOE has establishe
d
the process

for

environmental restoration activities at the SRS

in accordance with the Federal Facility

Agreement (FFA ). In evaluating the shutdown

of theRiverWater System , the EIS considers a

number of actions that DOE would have to

E.3 Summa
ry

Analys
is ofHeari

ng Comme
nts

and Issues

Campus, Gregg-Granitev
ille

Library ,2nd floor,

Universi
ty

Parkway, Aiken , South Carolina,

803-648
-6851

.

Future Missions/Cost

The public meetings consisted primarily of

informaldiscussio
ns

on the draft EIS . The

transcript
s yielded a number of public

comments and concerns, but because of the

informalnature of the hearing, these comment
s

were not sequentia
l

or easy to assign identifyi
ng

numbers. Therefore, this section contains a

synopsis of the hearing comment
s. The

comments are grouped in the categories listed in

Table E - 2 . Table E - 2 also lists the number of

comments received in each category . The

sections following the table discuss the

comments by category , the DOE responses, and

any resulting changes to the Final EIS . DOE

did not identify comments from themeetings

that dealt with Potential Remediat
ion .

A number of comment
ors

identifie
d concerns

about future mission
s at the SRS and potential

interact
ionswith the River Water System . In

addition , comment
ors

were concerne
d
about

whether shutting down the River Water System

would actually savemoney. These concerns

included the followi
ng:

The potenti
al

future need for L -Lake

Keepin
g

the River Water System available

for the acceler
ator

project

The future of the River Water System

.
Transcripts of the public meetings are available

for review at the DOE Public Reading Room at

the University of South Carolina, Aiken

Table E -2. Summary of informalpublic hearing comments applicabl
e

to the River Water Environmen
tal

Impact Statement
.a

1

Number of

Comment category

comments

Future missions/cost

15

Loss of habitat/endangere
d

species

3

Land use/privatization

Human health

3

Potential remediation

0

No specific category

5

DOEheld two sessions of the public hearings on December 4. Three commentors contributed 13 commentsat

the afternoon session ; 6 commentors contributed 14 comments at the evening session .a .

E - 4
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Cats

Maintaining the level of Par Pond

Impacts on SRS if the system is shut down

The amountofmoney a shutdown would

save

stream channel and floodplain . Because the

stream channel and floodplain that are beneath

L -Lake have similar contamination levels as the

upstream and downstream reaches of exposed

channel and floodplain , DOE believes the

example possibility of refilling the system as a

mediation measure is very remote. DOE has not

identified future missions that would require

L -Lake.

The amount of water in the watershed to

generate enough flow

The lack of cohesive and unified plans for

new missions at the SRS

.
The need for water emergency purposes

Consistency with the SRS 10- year plan

The hearing attendees asked several questions

about the future of the River Water System ,

including its use for potentialnew missions,

potential future needs for L -Lake, and

maintaining the level of Par Pond.

Similarly, DOE presented an example of

restarting the system to pump to Par Pond .

Maintenance in standby would enable DOE to

honor its commitment to remedy the unlikely

drawdown of Par Pond in the near term until

finalCERCLA remedial actions are

implemented. DOE believes that Par Pond

would not fall below the 195 foot levelunless

there was a catastrophic drought thatwould also

affect water quality in other regional lakes and

streams. In calendar year 1996 , a dryer-than

average year, the lowest daily lake level was

199.21 feet. Nevertheless, DOE prefers to

maintain the River Water System after

shutdown and, if necessary, would restart the

system , pump to Par Pond, and bring the water

level to an appropriate level above 195 feet. See

Section 3.3.1.1.

DOE proposes to shut down the River Water

System butmaintain it for potential future uses.

The Proposed Action (and Preferred

Alternative ) offers flexibility in the portionsof

the system thatwould bemaintained, the timeit

would take to restart the system , and the

methods employed during layup to enable

restart. The Proposed Action represents a

middle ground between two other alternatives

evaluated in the EIS. Under the No-Action

Alternative, DOE would operate the system

with a smallpump that is sufficient to maintain

L -Lake at its normal water level and provide

water for otherminor uses. Under the other

bounding alternative, Shut Down and

Deactivate, DOE would shut down the system

with nomeasures to permit restart of the system .

Øne commentor asked how much money a

shutdownwould save . DOE describes costs of

shutdown versus operation (no action) in

Sections 3.1, 3.2 , and 3.3. Maximum savings

would occur in the Shutdown and Deactivate

Alternative. This alternativewould save about

$ 1.5 million per year. Annual savings under the

Shutdown and Maintain Alternative would vary

from about $ 175,000 and $ 1.4 million

depending on the timerequired to restart the

system , whether the system piping is

pressurized by a jockey pump or drained , and

whether the line that Accelerator Production of

Tritium (APT) would use is maintained or

deactivated .

DOE presented three examples for restarting the

system . DOE does notwish to imply that it

expects to need to restart the system for the

situations presented but selected them to cover a

range of actions thatmaintenance in standby

would support (i.e., pump to L -Lake, ParPond,

or a new facility ).

Under either shutdown alternative, L -Lake is

expected to drain and expose very low levels of

contamination in the lake exclusive of the

There are other known or potential costs

associated with the shutdown alternatives

(e.g., a septic tank and tile field to replace

blending water for the L -Area sanitary

1
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wastewa
ter

dischar
ge

). DOE has revised

Section 3.3 to include these costs .

DOE has carefull
y evaluate

d the shutdow
n

alternat
ives and has not identifie

d
a need for

continue
d
or new uses of the River Water

System . The system has not been used for

emergen
cy

purpose
s
,and DOE is well equipped

to respond to emergen
cies without the River

Water System (e.g., to provide firewater).

The impacts on SRS if DOE selects a shutdow
n

alternati
ve

are documen
ted

in Chapter 4. As

presente
d

in Section 4.1.5, themost dramatic

effects would be on the ecology of L -Lake.

DOE believes there are also benefici
al

impacts

associat
ed

with a shutdow
n

action . In addition

to cost savings, DOE has consider
ed

indirect

benefici
al

impacts such as reduced energy

consump
tion

, reduced entrainm
ent

of fish larvae

and fish eggs and impinge
ment

of fish in the

Savanna
h
River, and restorati

on
of the pre - SRS

ecosyste
m

, includin
g
225 acres floodpla

in

forest.

DOE has determin
ed

that currentriver water

flowsto C- and P -Reactors are not needed . For

example, although the 10 - Year Plan identifies

P -Area transition to long-term monitorin
g

in

2002, the P -Area sanitary wastewat
er plant was

disconnec
ted

in Novembe
r
1996. Because it is a

package unit, it is being maintaine
d

for potential

use at another location .

Loss of Terrestr
ial

, Aquatic, or Wetland
s

Habitat/Effects on Endange
red

Species

A number ofcomment
ors

identifie
d
concerns

about sensitiv
e habitats and threaten

ed and

endange
red species in the area of L -Lake and

Par Pond, includin
g
the followin

g:

Although planning fornew missions is not

within the scope of this EIS , DOE identified its

Preferred Alternati
ve

in response to potential

new missions. The example thatwas presented

for a new mission wasAPT. Other potential

missions thatmight require enough cooling

water tomake the use of the River Water

System a viable option include the Tritium

Extraction Facility , Internati
onal

Thermonu
clear

Experime
ntal

Reactor and Mixed Oxide Fuel

Manufact
uring

Plant. Under the Proposed

Action, the River Water System could be

restarted in time to provide cooling water for

these potentialmissions.

.

Use of L -Lakebywood storks

Proximi
ty of bald eagle nests to L -Lake

Coordina
tion

with other SRS environm
ental

organiza
tions

such as the Savanna
h River

Ecology Laborat
ory on the restorati

on of

naturalhabitat to Steel Creek

The average annual natural flow to L -Lake dam

is estimated to be 10 cubic feet (0.28 cubic

meters ) per second . This rate is based on

watershed size , adjacent gaged sites of similar

size that are upstream of river water discharges,

and the characterist
ics

of Steel Creek when it

wasnot receiving the large cooling water flows

from P-or L -Reactor. DOE performed an

in - stream flow study and found that this

discharge would support an aquatic community

similar to thatwhich existed prior to the restart

of L -Reactor. This natural flow would notbe

sufficient to sustain L -Lake, but itwould allow

regrowth and restoration of diverse ecosystem

as the lake recedes.

Tables S -2 and 3-4 list expected impacts to

wood storks and bald eagles from the

alternativ
es

; Section 4.1.5 discusses potential

impacts to ecologica
l
resources. DOE

coordinat
es

with many Federal and state

agencies; ithas received comments from

Savannah River Ecology Laborator
y
(Letters 7

and 11). DOE appreciat
es

the commentsfrom

Savannah River Ecology Laborator
y
and has

attempted to take these comments into

considera
tion

in writing the FEIS .

E - 6



DOE/EIS -0268

Land Use Privatization Human (Occupationaland Public)

Health /Ecological Risk

One commentor was concerned about the

condition of Steel Creek below the dam . This

person asked if the stream had returned to a

normalvegetative system as itwas in 1951.

A number of commentors identified the

following concerns about increased

radioactivity levels that could result from a

shutdown of the River Water System and the

subsequent exposure of the bed of L -Lake:

The effect ofwind blowing the radioactive

contamination from the lakebed

The amount of low - level and other

radioactive contaminants in the area

The types of instruments used to determine

radioactivity levels and the readings they

showed

No studies characterizing the wetland vegetation

of the Steel Creek corridor before the

establishmentof the SRS are available , but

Upper Three Runs, a relatively undisturbed

blackwater stream on the SRS, can illustrate the

likely wetland vegetation of the Steel Creek

corridor before the development of the SRS.

Trees adjacent to the stream include tulip

poplar, beech, sweetgum ,willow oak , swamp

chestnut oak, wateroak , sycamore ,and loblolly

pine. Dogwood, red buckeye , and American

holly are also abundant. Tag alder is common

along sandy stream margins. Macrophytes in

wet sites with open canopies include eelgrass

(V. americana), pondweed (Potamogeton

epihydrous), and bulrush (Scirpus

subterminalis). Golden club (Orontium

aquaticum ), wapato (S. latifolia ),water

primrose (Ludwigia spp .), and knotweed

(Polygonum spp.) occur on small floodplains.

Although the Steel Creek corridor has not fully

re- established its historic vegetative system ,

signs of recovery are evident.

As discussed in Section 4.1.8.2 in the EIS and

Figures 4-23 and 4-24, the Multimedia

Environmental PollutantAssessment System

(MEPAS) code (Droppo et al. 1995) evaluated

several contaminant pathways to human

receptors including those arising from

suspension and resuspension of sediment

particles from the dry lakebed. Factors

considered in the impact evaluation included

contaminantconcentrations in the soil,area of

exposed dry sediment, averagewind speed,

maximum wind speed, number ofdisturbances

in the sediment by humans,number of

thunderstormsper year, annualaverage rainfall,

localmass- loading factors, resuspension factors,

atmospheric dispersion, and plum depletion .

All of these factors were used to estimate

impacts to onsite workers and offsite

populations through the inhalation and ingestion

pathways. These impacts resulting from the

drawdown of L -lake estimated as latent cancer

fatalities are presented in Section 4.1.8.2.2 .

A recentmapping effort by the Savannah River

Ecology Laboratory mapped aerial coverage of

the Steel Creek corridor and delta in 1996 .

Three vegetation classes were identified :

marsh, scrub-shrub, and hardwood. The

hardwood class covered the largest acreage ,

1,185.1,and was predominated by a young

developing stand of bald cypress, tupelo, and

ash. The marsh class covered 48.3 acres and

was dominated by cutgrass (Leersia spp.) and

wapato . The scrub -shrub class covered

20.7 acres and was predominated by willow and

buttonbush .

Section 4.1.8.1 of the EIS discusses the methods

used to obtain a contaminant concentration in

the L -Lake sediments. These validated data are

presented in Table 4-14 and in Appendix C. To
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baseline condition for assessing the

No-Action Alternative.

.

obtain these data, samples obtained from the

L -Lake sedimen
twere analyzed in the

laborato
ry using appropri

ate
instrume

ntation

(e.g., hyper-pure germani
um solid state

detector
s
were used to detect and identify

radionuc
lides

). All laborato
ry analyses were

perform
ed

by trained laborator
y
technici

ans

using state-of-the-art equipm
ent traceabl

e to the

Nationa
l Institute of Standard

s
and Technol

ogy .

Pump and Treat

Pump and treat is a groundw
ater

cleanup

method that pumps
contamina

ted

groundwa
ter to treatment systems to reduce

contamin
ant concentra

tions. After

treatment, the water is either injected back

to the groundwa
ter aquifer or discharged to

a surface-water stream . In relation to this

EIS, DOE has not identified relevant

applicati
ons of thismethod .

Appendi
x

C presents the results of DOE's

measure
ments

ofradioacti
vity

and radioact
ive

contamin
ation

. The ecologic
al

and human

health analyses presente
d

in this EIS utilize this

compreh
ensive data to determin

e
the potentia

l

risks associat
ed

with those contami
nants found

in the lakebed sediment
s
and contamin

ants
that

could be released as a result of human or natural

actions (wind). Any necessar
y

remedia
l actions

for the two location
s will be assessed in

accorda
nce

with the process set forth in the

Federal Facility Agreeme
nt

.

Water Reduction Impacts

A reduction in water flow would cause areas

currently beneath L -Lake to become

exposed and dry out. DOE analyzed the

impacts of such a drying process,which

could result in increased levels of airborne

contaminan
ts and erosion . DOE expects

these increased levels to occur over a short

period (less than a year after complete

equilibrium ) and to be far below levels of

Federal and state regulatory concern .

No Specific Category

A number of commentors expressed concerns

that did not belong in a specific category. The

following sections address these concerns.

Amount of Water Pumped

Although the currentRiver Water System

demand is 5,000 gallons per minute,DOE is

operating one of the 10 pumps in

Pumphouse 3G , which supplies

approximately 28,000 gallonsof river water

per minute to C-, K-, L-, and P -Areas. DOE

has purchased and will soon operate a small

5,000 -gallon-per-minute pump and save

about 23,000 gallons perminute of excess

withdrawal. Because the small pump
will

operate before DOE decides which

alternative to select, it is used as the

Referen
ces

cited in text and qualifica
tions

of EIS authors

Each referenc
ed

documen
t
cited in the EIS

appears in a referenc
e

list (Chapter 6 );the

documen
ts

referenc
ed

in the EIS and its

appendi
xes

are availabl
e

in public reading

roomsat the Universi
ty

of South Carolina,

Aiken Campus,Gregg-Granitev
ille

Library,

2nd floor, Universi
ty

Parkway, Aiken ,

South Carolina, 803-648
-6851

.

The EIS contain
s a List of Preparer

s
,which

includes each person who contribu
ted

to the EIS

and that person's qualific
ations

, education, and

skills.
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COMMENT FORM

PUBLIC MEETING ON THE

DRAFT ENVIRONMENTAL IMPACT STATEMENT

SHUTDOWN OF THE RIVER WATER SYSTEM

AT THE SAVANNAH RIVER SITE

DECEMBER 4, 1996

Please provlde the following information :

Karen Patterson

Full name (please print)

The organization you represent (if any)

Street address

1103 Conger Bob

Aiken sc 29803

City, state, zip code

COMMENT - Please use back of form for continuation.

The Els use a coc (1995) number 4 23.5 /100 chearns

Sanur from canar per year.
Lastweek the journal

Canar published a number of 130-135 / 100,000 Janar

Since this is a

appreciate knowing the reason for the difference

DOE has selected the CDC number .

why

clecans per year.
huge differen

ce
, I would

H1-01

and

PK64-32PC

CommentH1. Page 1 of 2 .
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Prelimin
ary

Final EIS

March 17, 1997

CANCE
R
: THE GOOD NEWS

All Cancers

Chairdeath rates

since 1991

-4.3 %

THE ROSE OZ SCIENELTIC OPTIMIST THAT LLOWED

the polio vaccine and the first moon PAT! Band

Nixou declared war on

later conced
five

the news from the concer from

The yood new

ce 1900, he

overall cancer death rates in the U.S. xx down

According to Ooksnedas woek im

Cancer the of cancer deathsfenfte

10.135 135.pe
1990 to 130

YOR Hore
nes that are

img
predict that sathin 20

from

CRNICer could easil

ws

Lack they couabe cut in half. As Health Secretary Don

za Shalala proudly declared lastweek . We are starting

Dosth the war on cancer.
The bad news is that all those billions spent on re

search inbo basto sciencemay have had little to do with

it Doctors hava 800 not

found a magic bulle winst

Boet aang mens

Lung

+6.4

-6.7 %

Breast

gineering all 7,000 would be impossible.

For the time being, therefore, many

researchersareshifting their focus to goals

that are more achievable. If the genes re

sponsible for regulating senescence cant

yetbemanipulated , theywonder , is it pos

sible to directly treat partsofthe body they

affect? Jerry Shay, a biologist specializing

in cancer research at the University of

Texas Southwestern Medical Center in

Dallas, does not rule it out. Instead of en

gineering genes, he says, "we might be

able to squirt some chemical to trigger

telomerase at a particular site. The en
zyme would turn on for a few weeks,

change the expression of cells and revert

them to a younger profile. We wouldn't

have to treat the whole body."
Still other researchers are usingwhat

they've learned about telomeres and the

other cellular mechanisms to attack the

diseases that keep the very old from be

coming still older. Researchers at Geron

Pharmaceutica
ls recently published a

study in which telomerase RNAwasused to

block the enzyme in a cancer culture,

leading to withering of telomeres and the

death of the no -longer -so -prolific cells.

Elsewhere , investigators are looking into

using the anticaramelizat
ion drug pim

agedine to help clear arteries and improve

cardiac health . Remove heart disease

from the constellation oflate - life illnesses ,

and you add three years to the national life

expectancy. The detection of a gene that

seems to confer protection against

Alzheimer's disease may help treatyetan

other scourge of the aged , currently af

flicting 4 million Americans.
While none of these therapies would

take human beings anywhere near the

tripled and quadrupled life-spans achieved

in fruit flies and nematodes, they could at

least improve our life expectancies - the

number of years even our shortened telom

eres and caramel-gummed cells would al

low us to achieve if illness didn't claim us

first. Por much of the time our species has

been on the planet, that figure is thought to

have been a mere 20 years barely long

enough for contemporary people living con .

temporary lives to move outof their parents

bome. Thefact that those lives now routine

ly exceed 80 years is amonumental achieve

ment. A little more progress in studying

telomerase , glycosylation and other aspects

of senescence science , and researchers like

Butler believe there's no reason today's

adults could not realistically hope to see 120.

For people dreaming of immortality,

that prospect may fall a little short. But

for those of us who are contemplatin
g
a

life that ends around age 80 , four or five

additionaldecades sounds like a splendid

-Wichmparti
ng ty

Elular Lattarter /Los Angeles, AlkaPHow York

and Dick Thompson /Washington

-6.3 %

THE

Prostate

-6.2 %

have be

consumpt has dropped

from 4192 capita aoning

and the
are

LY
account for

batan tiose
phic groups that cat

male Caucasians, for example hmg cancer eath

baye dropped impressively (6.7 % ). Conversely

woman took up smoking over the same period,

may sooonnt for the rise in lumg -cancer rates among old

er women over the past five years (64% ).
Cancer awareness has paid off as well. Patients

minch more conscious today of cancer's early warnin

signs and more likely to go in bor regular Pap smers

and prostate cans. Those mea

comeerauisitely sensitive Breast cancers,

can Dow be spotted when they are only 2 cm in sae,
compared with 3wafew years ago . The smaller the

cancer, says Harmon Eyre, chiaf medical officer of the

American Cancer Society, the better the chances of

SurvivalThe good newsmay be short-lived ,however, Amert

can teens are talonguptobacco ha alarmingnumbers, 70

day, 19%

graders use tobacco regularly, up

from 14 % i 1991 tenth grade, about 28 % are smok

ing. If they up , they can forget about living

longer - or healthier lies. Dick Than

Colorectal

-7%

first step .

TIME, NOVEMBER 25 , 1996
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E.4 Responses to Comments on Draft RWEIS : Hearings

Response to CommentH1

The percentage of cancer deaths reported in the

EIS, 23.5 percent, represents the number of

deaths due to cancer (505,322) as compared to

the totalnumber of deaths from all causes

( 2,148,463) occurring in the United States

during 1990. These mortality statistics were

published by the Center for Disease Control,

National Center for Health Statistics report

Advance Report of Final Mortality Statistics,

1990. The 1990 rate of 135 cancer deaths per

100,000 standard population reported in the

journal Cancer is the age- adjusted cancer death

rate as published in the same CDC document.

These statistics use two different

populations, the totalnumber of deceased

individuals and the entire U.S. population, and,

thus, are not directly comparable .

The age-adjusted rate is computed by applying

age-specific death rates for a given cause of

death (in this instance, cancer ) to a standard

population distributed by age. The standard

population used by CDC for determining age

adjusted rates is the total population as

enumerated in 1940. The age-adjusted death

rates show whatthe levelofmortality would be

if no changes occurred in the age composition of

the population from year to year and thus better

show the changes in the risk ofdeath over a

duration than when the age distribution is

changing. Therefore, the age-adjusted rate is

not comparable with and appears to be lower

than the unadjusted or crude death rates

specified for the population enumerated by 1990

census data .

represent
ative
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NEPA at Savannah River

From :

To:

Subject:

Date :

Todd v. Crawford

Androw R.Grainger

EIS'S APT and River Water Shut Down

Friday, October 25, 1996 9:58AM

Iwould like to encourage you to keep the above two EIS's consistent.

L1-01

I was pleased to see that the preferred alternative for a source of cooling

water for the APT is the river. Earlier rumors had itbeing the groundwater

which concernedme from the standpoint of groundwater resources and weakening

the "head reversal" overmuch of the 200-area . I do not know what is now the

preferred action with respect to the ShutDown of the SRS RlverWater System

EIS but I do know that the push behind this EIS was the desire to shut down the

riverwater system .

Page 1

PK64-1
1PC
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E.5 Responses to Comments on Draft RWEIS : Letters

Response to Comment L1-01

As indicated throughout this EIS , the DOE

Preferred Alternative is to shut down the River

Water System but to maintain all or portions in

a standby condition . This condition would

enable potential restart to support a new

mission . Section 3.3.2 has been revised to

include the additional cost of maintaining the

section ofexisting pipe thatwould be used to

supply make-up water to recirculating cooling

towers located at the Accelerator Production of

Tritium (APT) site (the preferred APT cooling

water alternative ) aswell as the cost to maintain

sufficient pumping capacity to supply full flow ,

on a once through basis, to heat exchangers

located at the APT site .

E -13
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NEPA at Savannah River

From :

To :

Subject:

Date:

Todd v . Crawford

Andrew R. Grainger

Draft EIS Shutdown SRS River Water System

Monday,December 02 , 1996 10:32AM

I have another committment on December 4 , 1996 which will proventmefrom

attending the public hearing so wanted to send you this comment.

L21 support putting the system in a standby situation .I supportthe condition

indicated in Table 3.1 as 30 months, Jockey pump. I do not believe any

significant now mission could come into place before 30 months.HOWEVER ,I

bellove that enough of the R -Area piping system should be maintained to

provide cooling water for the APT.

I also believe that the regulatory situation with EPA and SCDHEC needs to be

carefully negloated so thatL -Lake does nothave to be cleaned up as a CERCLA site upon exposingsome of the

C8-137 contaminated sediments.

L24

Page 1

PK64-1
11
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Response to Comment L2-01

Section 3.3.1.3 confirmsthat 30 months is

sufficient timeto make the required upgrades

and replacements to the River Water System

without affecting the schedule for a new mission

such as Accelerator Production of Tritium

(APT). Section 3.3.2 has been revised to

indicate the additional cost ofmaintaining the

R -Area piping system .

until characterization and evaluations under

CERCLA are complete. Because there hasbeen

little , if any, additional contamination since

DOE built L -Lake, the concentration of

contaminants in L -Lake exclusive of the Steel

Creek channel and floodplain is relatively low

and based on preliminary evaluations

summarized in Appendix A. However, DOE

believes that institutional controls for a period

that allows sufficient naturalradioactive decay

are consistent with current land use plans and is

probably the most reasonable and cost efficient

option . This option will have to be considered

among other alternatives consistentwith

CERCLA requirements .

Response to Comment L2-02

DOE is committed to coordinating NEPA

actionsbeing considered in this EIS with SRS

remediation activities planned and conducted in

accordance with CERCLA under the FFA , and

proposes to initiate discussions with EPA and

SCDHEC to determine reasonable means of

expediting the FFA process to achieve

appropriate coordination.

Contamination in the portion of the Steel Creek

channel and floodplain that is beneath L -Lake is

approximately equal to that which exists above

and below the lake and the portion which is

beneath L -Lakewould probably receive the

sameremediation , if any.

Neither DOE or its regulators would agree not

to require cleanup of the exposed sediments

E -15
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Dec. 13 ,1996

P.O. Box 503 /

/

Anilrow R. Grainge
r

SR néPa Compli
ance

office
r

Hawar
rak

Riviere Opera
tio

gepice

Qiker , South Caroli
na

29804-
50.31

Dear Mr. Graing
er

:

I would like to see this site closed

Perma
nentl

y
, I woul

d
reco

mmen
d

that

the land be made a pail add

Sumte
r Natio

nal Forest for mult
i

use

mana
geme

nt

. Howev
er , timbe

r
harve

st

shoul
d

be restr
icted

espec
ially

, alory

and otte

area
s

high risib
ility

. Thank you

for the oppor
tunit

y

to comm
ent

.

L3-01

rivers,
eticams,

roadeukens

Sincerely ,

K. G. Craigo

107 Locksley

Drive

treenwo
od

, f.c. 29649

PK64
-12P

C
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*

Response to Comment L3-01

At this time, the Forest Service of the U.S.

Department of Agriculture performsmany of

the functions at the SRS that it performsin the

National Forest System by managingmore than

90 percent of the Site area through an

Interagency Agreement. Although there is

limited public access to these SRS areas, Forest

Service management includes activities

normally performed in national forests - timber

and wildlife management programs, including

limited timber sales and care of threatened or

endangered species.

1
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or

commence

DE
PA
RT
ME
AN

UNITED STATES DEPART
MENT

OF COMIVEA
CE

National Oceanic and Atmosphe
ric

Administr
ation

NATIONAL MARINE FISHERIES SERVICE

Southeast Regional Office

9721 Executive Center Drive N.

St. Petersburg , Florida 33702

December 18, 1996

Mr. Andrew R.Grainger

SR NEPA Compliance Officer

U.S. Department ofEnergy

Savannah River Operations Office

P.O. Box 5031

Aiken, South Carolina 29804-5031

Dear Mr. Grainger:
The National Marine Fisheries Service (NMFS) has reviewed the Draft Environmen

tal
Impact

Statement(DEIS) for Shutdown of the River Water System at the Savannah River Site (DOE/EIS

0268D ). We find that the document is well written and adequately addresses matters pertaining to

aquatic resources under our purview . We concur with your determinati
on

that the Proposed Action

willnot significantly harm aquatic resourcesofthe Savannah River.

The Proposed Action , which involves shutdown of theRiver Water System and placing it in standby

status,would substantially eliminate withdrawals from the Savannah River. This would benefitboth

resident andmigratory fishes ofthe Savannah River since entrainment and impingemen
t
of fish eggs,

larvae, juveniles, and adults would be eliminated exceptin situations requiring restart. Thismode

of operation represents a significant improvemen
t
over conditions that existed when withdrawal

levels approximate
d

380,000 gallons per minute (24 cubic meters per second) and estimated average

losses of about 17,600,000 fish larvae and 9,300,000 fish eggs were experienced during the

February -July spawning period . It is also an improvemen
t
over conditions that would existunder

the No Action Alternative (existing condition) which accounts for fish losses of about 234,000 larval

fish and 117,000 eggs during the February -July spawning period.

Since any restart of the system could have a significant adverse effect of aquatic resources of the

Savannah River, such plans should be thoroughly coordinated with the NMFS and other Federal and

state agencies having stewardship responsibili
ties for fish and wildlife.

Finally, in accordance with Section 5.10.2 of the DEIS wenote that the Departmentof Energy plans

to initiate formalconsultation with the NMFS concerning possible effects on the shortnose sturgeon.

The appropriate NMFS contact person for such consultation isMr. Charles Oravetz who is Chiefof

the NMFS Southeast Region's Protected Species Branch . Mr. Oravetz may be reached at the

letterhead address, or at (813) 570-5312.

NOAA

PK64
-13P

C
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Weappreciate the opportunity to review the DEIS. Related questions or comments should be

directed to the attention ofDavid Rackley who is Chief oftheNMFS Habitat Conservation Division

Charleston Branch Office. He may be reached at 219 Fort Johnson Road , Charleston , South

Carolina 29412-9110, or at (803) 762-8574.

Sincerely ,

hel
A
l
g
e
n

AndreasMager, Jr.

AssistantRegional Director

Habitat Conservation Division

PK64-13PC
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Response to Comment L4-01

Should it be necessary to restart the River Water

System , DOE would discuss and coordinate any

restart plans with Federal and state regulatory

agencies (including NationalMarine Fisheries

Service, United States Fish and Wildlife

Service , South Carolina Department of Health

and EnvironmentalControl, and South Carolina

Departmentof NaturalResources ) to ensure that

possible impacts to fish and wildlife resources

are adequately addressed andmitigated if

unavoidable.

Fisheries Service's Southeast Regional Office

(Protected Species Branch ) on December 31,

1996 , in accordance with the requirements of

the Endangered Species Act and its

implementing regulations. DOE subsequently

received a letter from Mr. Andrew Kemmerer,

Regional Administrator of theNOAA-National

Marine Fisheries Service, that states:

Wehave reviewed the information provided and

concur that the proposed project is not likely to

adversely impact threatened or endangered

species under our jurisdiction .... This concludes

consultation responsibilities under Section 7 of

the ESA .

Response to Comment L4-02

DOE submitted a copy ofthe DEIS and a

biological assessment to theNationalMarine

E -20
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United States

Department of

Agricultura

Forost

Barvico

Savannah Rivar

Porost Station

P. O , Box 710

New Ellenton , 8C 29809

1900 Date : December 19 , 1996Filo Coda :

Route TO :

Subject :
Draft EIS For River Water Shut Down

SRFS Response

TO : Andrew Grainger, DOE

703-47A , Rm 236

After review of the draft by the Forest Service at Savannah River , we believe

there are a number of opportunities that need to be incorporated in the final

EIS . If the elected alternative is to shut down the system and maintain the

distribution network , there are a number of cost - effective options to stabilize

exposed sediments in L -Lake .

If natural re - vegetation is slow , a mixture of grass species can be established

through seeding and fertilization comparable to what the SRS already uses to

stabilize bare soil areas and prevent erosion . This can be implemented on an

as needed basis as the basin sediments dewater . Another option is to establish

tree species . Most of these soils originally supported an upland pine type

prior to L - Lake . with the low level of contamination in the upper portion ,

these areas could be returned to productive forests . Following the draw down

of Par Pond , pine began to naturally invade the open areas . This is likely to

occur again . However, more uniform and assured regeneration could be obtained

through hand planting . Mixed species of hardwoods can also be planted to

enhance wildlife . These can be implemented in conjunction with the normal SRS

reforestation efforts .

L5-01

in

The Forest Service , in developing the mitigation plan for Pen Branch ,

designated check strips that could be left alone to follow natural vegetation

succession . This enhanced the value of the project for researchers, maintained

some open habitat for certain species , and reduced reforestation costs.

areas of the old L -Lake basin that contain higher radioactive contaminants, the

DOE can plant dense canopies of hardwoods or pines to discourage ground

vegetation that deer and hogs forage upon that might increase contaminant

uptake , distribution , and exposure to hunters .

As the water level drops and the old Steel Creek channel is gradually exposed ,

we would expect that some minimal effort to create debrie dams and pools to

stabilize the most contaminated sediments will be possible . The increase

velocity and re - initiation of a stream channel has the potential of moving

contaminants in the old flood plain sediments downstream . Small dams to create

pools to trap sediment could be installed .

Phyto remediation opportunities also exist in the flood plain areas that are

more heavily contaminated . Cesium is readily accumulated by vegetation . The

materials can be harvested and composted or incinerated to concentrate the

Caring for the Land and Serving People
FS-6200-28b (3/92 )

LUAS

PK64-14PC
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contaminants . The DOE and USDA are collaborating on the development of this

technology . While it may not be cost - effective at this point in time in terme

of the risks to human health , the flood plain does offer opportunities for

research activities to develop this technology using R & D funding sources such

as the recent NABIR initiative through the Office of Science , Technology , and

Business Development . LS

la

It is not apparent from reading DEIS what the plans are for managing vegetation

on the pipeline corridors . If there is a need to keep water lines functional,

treatments will be required to prevent them from being overgrown with woody

stem vegetation .

The Forest Service is available to provide additional information on these

options or assist witb implementation

John G. SwinJOHN G. IRWIN

Forest Manager

CC : K. Sidey, DOE

PK64-14
7
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Response to Comment L5-01

DOE is committed to restoring the Steel Creek

stream ecosystem and associated floodplain

forest that existed prior to the creation of

L -Lake. If DOE selects the Proposed Action ,

the Record ofDecision for the EIS will contain

a commitment to prepare a Mitigation Action

Plan as well as a more detailed implementation

plan that provides a practical, step-by- step guide

to restoring the plant communities of the

riparian corridor and floodplain that were lost

when L -Lake was created . As noted in

Section 3.2.1 of this EIS , DOE would apply

appropriate measures to stabilize the lakebed.

These could include fertilizing and seeding bare

areas to prevent erosion and could include a

variety ofother soil conservation measures.

DOE fully intends to seek the assistance of the

soil scientists, ecologists, and foresters of the

Savannah River Forest Station in the

development and implementation of a soil

conservation and reforestation plan that involves

stabilizing exposed L -Lake sediments and

ensuring that trees and shrubspropagate in the

SteelCreek floodplain .

1

-
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South Carolina Department of

D
E
P
A
R
T
A
M
E
N
T
O R

E
S
O
U
R
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E
S

TENT OF

NaturalResources

KU
RA
L

RE

December 20 , 1996

lanie's A. Timnurman, Ir., 16.1).
Dillor

Andrew R.Grainger

SR NEPA Compliance Officer

U.S. Department of Energy

P.O.Box 5031

Aiken, SC 29804-5031

REF: Shutdown of the River Water System

16-01

L6-02

Dear Mr. Grainger:

The South Carolina Department of NaturalResources has evaluated potential impacts of the

proposed shutdown on Wildlife and fisheries habitat, water quality , recreation and other factors

relating to the conservation of natural resources.

Webelieve that the proposed activity has potential to impactthe fisheries and wildlife habitat of L

Lake and Parr Pond. L-Lake and Parr Pond to some extent, contain excellenthabitat for a number

of wildlife species such as the bald eagle,American alligator,white-tailed deer and variousfur

bearers. They also support well balanced fish communities and a number of wading birds, water

fowland osprey.

The concern is that due to the small size of the watershed for L -Lake and Pars Pond, water quality

problems could occur if the reservoirs are allowed to drop significantly below full pool. In

addition , fluctuating water levels could havenegative effects on fish recruitment and other wildlife

usage.

L -Lake was intended to be a naturalized wildlife and fisheries habitat and should be managed to

optimize it'snatural resource value. To allow water levels to lower would not be compatible with

that initiative. However, if the Department of Energy would remove the dam and restore the

wedand forest and stream channelof Steel Creek, we believe that an equitable exchange of naaral

resources may occur. It is our position that no lowering and/or dewatering of L-Lake should occur

without an approved plan for Sieel Creck restoration. The restoration plan should be submitted to

and approved by appropriate resource agencies. Elements of the plan should include tree

plantings, stream bank stabilization,monitoring and contingency plans. Restoration should

address upstream and downstream impacts with consideration given to reduce flows.

It should be noted that a possibility exists that some level of contamination may be present in the

aquasols that comprise the lake bottomsofboth reservoirs. Before any plan is initiated to lower

water levels, the bottom sediments should be tested for contamination . if hazardousmaterials are

found in the sediments, then a plan for removal of those contaminants should be submitted prior to

any shutdown of the SRS River Water System .

Sincerely,

16-03

L6

Danny
Johnsonfor

Robert E.Duncan

Environmental Progrants Director

Remixint C. Dennis Building • 10XX) Assembly S1 • P.() . Box 16,7 • Columbia , S.C., 20202
Telephone : 8073/734-10407

EQUAL OPPORTUNITY AGENCY PRINTED ON RECYCLED PAPER

.
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Response to Comment L6-01

The EIS discusses potential impacts of the

proposed action to fish and wildlife habitat of

L -Lake in considerable detail in Section 4.1.5.2 .

These impacts include, but are not limited to :

( 1) the elimination ofmost fish habitat in

L -Lake, (2 ) the loss ofmost wading bird

foraging habitat in L -Lake, (3 ) the loss ofmost

waterfowlwintering habitat in L -Lake, and

(4 ) the loss of bald eagle foraging habitat in

L -Lake. More subtle impacts thatmay result

from the proposed action are also discussed in

Section 4.1.5.2 . These include increased

predation on amphibians, reptiles, and small

mammals that would be forced to venture

farther from shoreline cover to drink and forage

around reservoir edges. Potential impacts to

fish and wildlife habitat of Par Pond are

considered in Section 4.3.5.2 .

existed prior to the creation of L -Lake.

Although a final restoration plan has not been

prepared ,DOE is currently drafting a plan for

restoration of the upper portion of Steel Creek

and its floodplain forest in consultation with

ecologists and foresters at the Savannah River

Forest Station and WSRC -Savannah River

Technology Center . If DOE selects the

proposed action, the Record of Decision for the

EIS will contain a commitmentto prepare a

Mitigation Action Plan as well as a more

detailed implementation plan that provides a

practical, step-by-step guide to restoring the

plant communities ofthe riparian corridor and

floodplain that were lostwhen L -Lakewas

created . DOE willmake copiesof the

Mitigation Action Plan available to all

interested parties. As noted in Section 3.2.1 of

this EIS, DOE would apply appropriate

measures to stabilize the lakebed and minimize

erosion . DOE would also, in consultation with

the ecologists and foresters, develop a

reforestation plan that involves planting and/or

transplanting trees and shrubs that are likely to

survive and propagate in the Steel Creek

floodplain . The Mitigation Action Plan would

also contain monitoring requirements to ensure

successful restoration .

--

Response to Comment L6-02

The EIS discusses effects of fluctuating water

levels on fish recruitment and other wildlife

usage in Section 4.1.5.2 (L -Lake), Section

4.3.5.2 (Par Pond) and Section 4.3.5.3

(threatened and endangered species usingboth

reservoirs).

Response to Comment L6-04

Response to Comment L6-03

L -Lake was designed and built by DOE to be a

cooling reservoir. DOE was required to monitor

L -Lake's fish and wildlife as a condition of an

amended NPDES permit (#SC0000175) issued

by SCDHEC in 1984. Further, as a condition of

this NPDES permit, DOE was required to

conduct studies to demonstrate that a " balanced

biological community (BBC )” existed in the

lower half of the reservoir only ; the upper half

was designated as a mixing zone and was never

intended to support a BBC .

DOE has performed extensive sampling ofboth

Par Pond and L -Lake to determine the types and

levels of contaminants existing in the bottom

sediments. The ecological and human health

analyses presented in this EIS utilize this

comprehensive data to determine the potential

risks associated with those contaminants found

in the lakebed sediments. Any necessary

remedial actions for the two locations will be

assessed in accordance with the process set forth

in the Federal Facility Agreement.

DOE is committed to restoring the stream

ecosystem and associated floodplain forest that

E -25
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1113

The University ofGeorgia

(803) 725-2472

FTS 239-2472

PAX 803-725-3309

Drawer E

Aiken , SC 29802

Savannah River Ecology Laboratory

December 23, 1996

Mr. Andrew R.Grainger

Engineering and Analysis Division

SR NEPA Compliance Officer

U.S. Department ofEnergy

Savannah River Operations Office

P.O. Box 5031, Code DRW

Aiken , SC 29804-5031

DearMr.Grainger:

I am submittingherewith for your consideration comments on the"Shutdown of the River Water

System at the Savannah River Site - Draft Environmental Impact Statement". These comments

are based largely on information gathered here in myresearch program sponsored by the DOE at

the Savannah River Ecology Laboratory . Much of this information has been obtained only

recently and somenewly -published references from myprogram apparently were not available to

the authors of the Draft EIS when it was written .

Ihave keptmy comments brief and they outline only the general findings in each of the areas of

concern which are addressed . For further details concerning our findings about these matters I

would refer you to the indicated publication(s) and/or I would be glad to provide you or anyone

else in your office with any additional information Ican.

Atthe very least, Ihope that these comments will convey my concern that ifactions such as the

draining of L -Lake are undertaken , follow -up studies should be supported to evaluate

environmental issues such as these.

Thank you for your consideration of these comments.

Yours very truly ,

d. Lehr
Brislinger

I. Lehr Brisbin, Jr.

Senior Ecologist

Savannah River Ecology Laboratory

enclosure

An EqualOpportunity / Affirmasive Action Institution

PK64-1
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Comments on the "Shutdown of the River Water System at the Savannah River Site - Draft

Environmental Impact Statement"

Submitted by:

I. Lehr Brisbin , Jr.

Senior Ecologist

Savannah River Ecology Laboratory, P. O. Drawer E

Aiken, SC 29802 ; 803-725-2472; fax : 803-725-3309

December 20, 1996

There is a considerable amount of new information available in the form of research data

that has not yet been formally published in the peer-reviewed scientific literature or which in

some cases, appears in recently-published manuscripts which were apparently not available to the

writers of this Draft EIS . This information has resulted from DOE-funded research programs

here at the Savannah River Ecology Laboratory . Iwill attempt to summarize below the general

areas and findings ofthis new work and its implications for the River Water Shutdown

environmental impact concerns. Further information can be obtained by contactingme directly

atthe above address.

The new information provided here can be grouped into three general areas: ( 1) potential

environmental impacts upon American alligators (Alligatormississippiensis) resident on the

SRS, (2) potential for contaminantuptake by upland game birds,particularly mourning doves

(Zenaidura macroura) utilizing exposed former lakebed sediments which may be contaminated

with radionuclides and/or heavy metals, and (3) radionuclide uptake and transport by migratory

waterfowland general displacement ofthe waterfowlthemselves through habitatloss. Each of

these areas of concern will be discussed separately below .

Potential for Environmental Impacts on Alligators

L7-01

The findings concerning potential environmental impacts upon alligators,which are

predicted for the " Shut Down and Deactivate alternative (page 4-152), lack recent information

which appears in a newly- published research paper from the Savannab River Ecology

Laboratory's alligator research program (Brisbin et al., 1996). This paperwas apparently not

available to the writers of this EIS when itwas drafted . New data in the above-cited paper now

suggest that the drawdown ofPar Pond apparently also had a negative affect on alligator

reproduction in addition to the previously reported probable decrease in the survivorship of

young alligators due to a lack of emergentshorelinemacrophyte cover. This newly reported

effect was indicated by a lower quality of young (as judged by reduced weight-length

relationships) hatching from eggs in nests which were constructed during the drawdown.

Moreover, as also shown in this same er, most ofthe resident breeding female alligators in

Par Pond did not leave the reservoir during the drawdown butrather remained in their degraded

breeding locations and experienced what was almost certainly negative impacts upon their

PK64-15PC
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reproductive output. These findingswould suggest that the prediction in the EIS that breeding

alligators resident in L-Lakewould simply leave the drained reservoir and set-up breeding

territories elsewhere may not be correct, and without further research and documentation , this

predictionmay significantly underestimate the potential impact ofthis action on the resident

alligators. Although no formal census ofalligator nesting activity has yet been undertaken for L

Lake, that reservoir now has a sizeable resident population ofbreeding-sized adults and if

reproduction is currently nottaking place there it almost certainly will in the near future. The

draining of L -Lake thus has the potential to significantly reduce the overall reproductive output

of the site's alligator population as a whole. I feelthat further research should be undertaken

during the coming year to clearly document the extentto which breeding activity is taking place

at L -Lakeand in the associated wetlands surrounding that reservoir and particularly downstream

from the dam .

Because of their long life spans and high trophic levels, alligators also tend to accumulate

certain contaminants such as mercury . As indicated in the Draft EIS , the drawdown and/or

periodic fluctuation of SRS reservoir water levels could significantly affect the bioavailability of

mercury in the sediments of someof these lakebeds. As also documented in your Draft EIS, the

drawdown and refill of Par Pondaffected mercury levels in Par Pond fish . Mercury

concentrations in the muscle of Par Pond alligators, which may be legally harvested as nuisance

animals and bemarketed for human consumption if they should leave the site, averaged about4

mg/kg dry mass, a concentration above that considered suitable for human consumption

(Yanochko et al., in press). After the refill, one of the largest alligators ever recorded in South

Carolina was found dead of as yet unknown causes in Par Pond and,as will be detailed later in

another letter under separate cover to your office ,analyses revealed an extremely high mercury

concentration in the liver of this individual. These observations suggest thatmercury may be a

serious problem in Par Pond alligators, and thatmercury dynamics may be altered by drawdown

and refill. Little is known of contaminant levels in L- Lake alligators, or the potential

consequences ofmajor habitat alterations on contaminant dynamics. Further work is clearly

needed to clarify these issues, and to predict the effects on those animals thatmay remain in the

area of the Steel Creek corridor and watershed if L -Lake is drained .

L7-02

Because the SRS alligator population has a long history of documented study, and

because this population is uniquely situated at the northern limit ofthe species' range in the

inland southeastern United States, these animals represent an importantnatural resource whose

response to the river water shutdown process should be carefully monitored and evaluated during

the course of any activity whichmay impacttheir population numbers, reproductive success

and/or spatial distribution.

L

Uptake and Distribution of Radionuclide Contaminants by Upland Game Birds

Analyses have now been completed and amanuscript written for submission to The

Journal ofWildlife Management,describing the uptake and concentration of radiocesium

(cesium -137) by doves which were attracted to old -field food resources which developed on the

exposed lakebed sediments produced by the drawdown of the Par Pond reservoir. A companion

paper has also been submitted to a toxicology journal, describing the uptake and concentration of

2
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heavy metals in these same birds. The information contained in thesemanuscripts should be

considered in any assessment of potential environmental impacts associated with the proposed

river water shutdown. Potential effects should be related to the issue of impacts upon the well

being of the birds themselves and, even more importantly, with regard to the issue of the

transport of contaminants from the exposed lakebed sediments to thehunting public whomight

consume such birds as food (mourning doves are legal game birds in South Carolina, and they

are commonly harvested and eaten by the public in lands bordering the SRS).

L7-04

Preliminary risk assessment analyses undertaken by Drs. Joanna Burger and Michael

Gochfield of the RutgersUniversity Consortium for Risk Evaluation with Stakeholder

Participation (CRESP),suggest that the risk ofexceeding a 10º risk of excess lifetimecancer

could be exceeded by hunters consuming birds for every day of the legal 70 -day hunting season if

those birds were to contain the average levelof radiocesium we found in dove meatduring our

Par Pond dove study . Other details concerning the assumptions and consequences of this risk

assessment can be obtained by contacting our laboratory. Of particular importance to the present

EIS is the potential for newly -exposed L -Lake bottom sediments to similarly attract doves which

might forage in areas showing possibly even higher concentrationsofradiocesium than were

found in the case of the drawndown Par Pond reservoir .

L7-05

Radiocesium Uptake by Migratory Waterfowl

Studies which have not yet been published , from the waterfowlresearch program at the

Savannah RiverEcology Laboratory, have shown that an unexpected sudden increase in

radiocesium body burdens occurred in American coots (Fulica americana) following the refill of

the Par Pond reservoir. As discussed in a presentation made to the Par Pond CERCLA Natural

Resource Trustees, coots were found to average as high as 2,774 bequerels of radiocesium /kg of

live weight in January -February of 1995. Possiblemechanisms ofthis body burden increase and

its relevance to future reservoir drawdowns and associated management activities at the SRS

were discussed in a published abstract and a poster presentation which wasmade at a national

scientific meeting. The unexpectedly high increase in radiocesium body burdensofthese

waterfowl suggests the importance of continuing to monitor both contaminant levels and the

spatial/temporalmovementpatternsofwaterfowlusing SRS reservoirs. During the present

winter (1996-97) for example , large concentrations ofwinteringwaterfowlhavemoved away

from Par Pond to L - Lake which on one ofour most recent aerial census counts, was being used

bymore that 2000 waterfowl! The draining of L -Lake would certainly displace these birds,many

of which would undoubtedly leave the site and thus be vulnerable to hunter harvest and other

sources of disturbance which they would not normally face in the "sanctuary " of the SRS

wetlands. The potential for the proposed river water shutdown to impact regional populations of

wintering waterfowl in this part of the Central Savannah River area (CSRA) thus also needs to be

considered, I feel, in any evaluation of proposed alternatives for reservoir and wetland

management on the SRS. The extraordinary importance of the SRS reactor cooling reservoirs as

a wintering site and sanctuary ofregionalimportance for wintering waterfowl, particularly diving

ducks, and the potential for these birds to accumulate and transport radionuclide contaminants

offsite to the hunting public, have all been well-documented in a number of publications from

our laboratory's research program (e.g., Brisbin et al., 1973;Mayer et al., 1986; Brisbin , 1991;

L7-06
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Stephens et al., in press). I feel that publications such as these describing original detailed

research findings should be cited by the Draft EIS , in addition to the more general review articles

which are currently referenced .

Appendix B of the DraftEIS uses fish -eating species for calculating radiocesium dose to

birds. However, our data (Brisbin et al., 1973) showed that herbivorous avian species (e.g.,

coots) were the properworse -case indicator species for radiocesium uptake, not the fish -eating

carnivorous avian species. The fish -eater model should rather be considered as a worse case

indicator species for other cotaminants such as mercury impacts. Moreover, this section did not

refer to our published studies of radionuclide contaminant levels and doses to wood duck (Aix

sponsa) eggs/embryos from the SRS including sites such as Steel Creek , Par Pond and Pond B

(Kennamer et al., 1993; Colwell et al., 1996 ).

17-1
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Respo
nse to Comm

ent L7-01

doves feeding on vegetati
on

in the Par Pond

lakebed during the drawdo
wn

. Although levels

ofboth contami
nants

are lower in L -Lake than

Par Pond, these studies are clearly relevant to

the L - Lake drawdo
wn

andmerit discussio
n

.

The FEIS includes a discussi
on

of the

recently -publishe
d

study of the effect ofthe

Par Pond drawdow
n
on alligator reproduc

tion

and the implicat
ions

of this study with respect to

the Propose
d
Action.

Respon
se

to Comme
nt

L7-05

Respon
se

to Comme
nt

L7-02

As noted in the response to the previous

comment, the FEIS includes a discussion of

uptake and concentra
tion

of radiocesiu
m

and

mercury by doves feeding on vegetation in the

Par Pond lakebed during the drawdown .

Although levels of both contamina
nts

are lower

in L -Lake than Par Pond, these studies are

clearly relevant to the L -Lake drawdown and

merit discussio
n

.

The FEIS discusses elevated levels ofmercury

in muscle tissue ofPar Pond alligators. This

issue was not addressed in the 1995

Environm
ental Assessme

nt for the Natural

Fluctuati
on ofWater Level in Par Pond and

Reduced Water Flow in Steel Creek Below

L -Lake at the Savannah River Site (DOE 1995 )

or the DEIS because this informati
on

was not

available to the preparers. DOEwill also relay

this informati
on to the South Carolina

Departme
nt

of Natural Resource
s, the agency

that issues permits for the destructi
on of

nuisance alligators, to ensure that permittee
s
are

apprised ofthe potential risk .

Respons
e

to Commen
t
L7-03

In a recently -complet
ed

study ofmournin
g

doves that fed on vegetati
on

in Par Pond during

the 1992-19
94

drawdo
wn

Kenname
r

et al.

(1997) found that only one of 102 doves

collecte
d

from Par Pond exceeded the European

Econom
ic

Commun
ity

limit for radioacti
vity

in

“ freshmeat” (human food). Based on the

maximu
m

observe
d

concentr
ation

of cesium

137 in 102 doves collecte
d
during this study (22

picocuri
es

per gram ),nomorethan 41 Par Pond

doves could be consume
d

by an individua
l

before the EPA accepte
d

cancer risk of 1 x 106

is exceede
d

(one “excess” cancer per million

people). Based on the average concentra
tion

of

cesium - 137 in these doves (5.95 picocurie
s

per

gram ), no more than 152 Par Pond doves could

be consume
d

by an individu
al

before the EPA

accepted cancer risk of 1 x 106 is exceeded .

DOE agrees that the SRS alligator population is

a unique and important resource and worthy of

study. However, in an era of reduced funding

and intense scrutiny of all Federal expenditure
s
,

DOE is not certain of its ability to provide

financial support formany worthwhile research

projects that have been proposed by cooperatin
g

scientists.

Response to Commen
t
L7-04

The FEIS includes a discussion of the recently

completed Par Pondmourning dove studies, the

results of which were not available when the

Environmenta
l
Assessment for the Natural

Fluctuation ofWater Level in Par Pond and

Reduced Water Flow in SteelCreek Below

L -Lake at the Savannah River Site (DOE 1995)

and the DEIS were prepared .

Howeve
r
, the authors of this study point out that

(1) no dove hunting is allowed on the SRS,

(2) doves collect
ed

from nearby control sites

contain
ed

only backgr
ound

levels of cesium

137,and (3) radioce
sium

in edible tissues of

doves is quickly elimina
ted

when the birds leave

contami
nated

areas. The authors suggest that a

dove's entire body burden ofradioce
sium

would

be elimina
ted

in 12 to 15 days once it left the

SRS,due to the species ’ small size and high

basalmetabo
lic

rate. When all of these factors

are conside
red

, the risk to hunters from eating
The FEIS presents a discussion of uptake and

concentration of radiocesium and mercury by
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doves that are killed offsite after feeding in L

Lake during a drawdown would be small to

insignificant.

Response to Comment L7-06

The FEIS containsmore background

information on a more detailed discussion of

waterfowlusage ofPar Pond and L -Lake than

the DEIS and presents amore detailed

discussion of possible impacts of the Proposed

Action to wintering waterfowl.

on fish - eating birds either because these species

were known to be sensitive to contaminants

(e.g., the osprey) or because they were species

protected by the Endangered Species Act ( e.g.,

thewood stork and the bald eagle ). The known

tendency ofcarnivorous species to accumulate

higher levels of (most) contaminants than

herbivorous species was also factored into the

selection of receptor species. Based on this

comment,however, a discussion of radiocesium

uptake and body burdens in birds has been

added to the FEIS .

Response to Comment L7-07

The DEIS and associated “ Ecological Effects of

Alternative" (Appendix B ) Assessment focused
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C
o
n
e

Colorado

State

University

Department of Radiological

Health Solences

Fort Collins, Colorado 80523-1673

FAX: (970 ) 491-9672(970) 491.
5343

Decemb
er

23, 1996

Andrew R.Grainger

U.S. Departmen
t
of Energy

Savannah River Operations Office

P.O. Box 5031

Aiken , SC 29804-503
1

DearMr.Grainger :I wish to offer a few comment
s on the Draft Environm

ental
Impact Statemen

t
- “ Shutdow

n ofthe

River Water System at the Savannah River Site." DOE/EIS -0268D (Novembe
r
1996). I am very

interested in this because ofmy research over the past 15 years on Pond B, Par Pond, L -Lake,

and other reservoir
s
on the SRS (see attached reference

s
). My beliefs concerni

ng
the proposed

action (shutting down the river water distributi
on

system ) are that:

1 . 18-0

The environme
ntal

impacts to L -Lake would be dramatic,and highly undesirabl
e
.

These include: Loss offisheries,wildlife, and wetland habitat; Increased erosion

and sedimentat
ion

throughou
t
the Steel Creek corridor; Increased contamina

nt

movemen
t
downstrea

m
(mainly "37Cs in floodplain sediments from high water

flows); Increased contamina
nt

accumulati
on

in L - Lake fish and wildlife due to a

decreased water volume/floodplain sedimentratio and reduced potassium inputs

from the river water (potassium reduces 137Csuptake).

2 .

The environme
ntal impacts to Par Pond would bemore subtle,but they can be

expected to include reduced biodiversit
y
and increased 137Csuptake by fish and

wildlife due to the cessation of biotic and nutrientinputs from the river;and

fluctuation and possible loss of littoral zone and wetland habitat,and exposure of

contamina
ted sediments, under drought conditions.

3 .

The expected cost savings as stated in the Draft EIS are likely to be heavily

overshado
wed

in the future by costs associated with the effects of thewater

shutdown. These include sedimentcontrol, stabilizat
ion or removal of the Steel

Creek Dam , and the likely need under CERCLA for remediatio
n

(removal) of

contaminat
ed

sediments in the Steel Creek floodplain .
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Andrew R. Grainger

December 23, 1996

Page 2

Before a final decision is made concerning termination of the riverwater distribution system at

the SRS, it is respectfully requested thatmore thorough and careful consideration be given to :

L8-04

1 .
Privatizing the pumpingand maintenance operation of the system in an effort to

reduce costs .

2 . The inevitable environmental impacts of allowing L - Lake to dry up, such as loss

of aquatic and wetland habitat,sedimentation of the corridor, and exposure ofthe

contaminated Steel Creek floodplain Key scientific references on such impacts

were developed on Par Pond when it was drawn down. These and others are

conspicuously missing in the Draft EIS, and apparently were notconsidered.

L8-05

3. The true, total cleanup costs, environmental and aesthetic damage, and worker

risks involved , should the L -Lake drawdown expose sediments with sufficient

levels of Cs-137 to warrant remedial action .

L8-06

Sincerely ,

ti Word Wikiches

F.Ward Whicker, Ph.D.

Professor

FWW :jb

PK64-18PC
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Respo
nse

to Comm
ent

L8-01

be approxi
mately

the same as that which existed

circa 1983, before Steel Creek was impound
ed

.

Thus,althoug
h

there would be short- and

interme
diate

-term lossesof wetland habitatas

the reservoi
r
recedes, there would be no

appreci
able

loss ofwetlan
ds

over the long term .

DOE acknowl
edges

that impleme
nting

the

Propose
d

Action would profound
ly

affect

L -Lake and its plant and animal communi
ties

,

as the reservoi
r
ecosyste

m
that currently exists

would be replaced by a stream ecosyste
m

. The

EIS discusse
s

these impacts in Section 4.1.5.2 .

These impacts include , but are not limited to :

(1) the eliminat
ion

ofmost fish habitat in

L -Lake , (2 ) the loss ofmost wading bird

foraging habitat in L -Lake, (3 ) the loss ofmost

waterfo
wl

winterin
g

habitat in L -Lake, and

(4 ) the loss of bald eagle foraging habitat in

L -Lake. More subtle impacts thatmay result

from the Proposed Action are also discusse
d

in

Section 4.1.5.2 . These include increase
d

predatio
n

on amphibi
ans

, reptiles, and small

mammal
s

that would be forced to venture

farther from shorelin
e
cover to drink and forage

around reservoi
r
edges.

There are no plans to increas
e
flows in Steel

Creek downst
ream of the L -Lake dam . The EIS

is based on a minim
um flow in Steel Creek

below the L -Lake dam and in Lower Three

Runsbelow the Par Pond dam (during

drawdo
wn

) of 10 cubic feet (0.28 cubic meters)

per second under any of the alternat
ives

(see

Chapte
r

3.0 ofthe EIS ). Therefo
re

DOE does

notbeliev
e that there would be an increase in

erosion and sedimen
tation

or in contami
nant

movem
ent

downst
ream . On the contrary, the

EIS asserts that stream flows below the two

dams would show less seasona
l
fluctuat

ion
and

less floodin
g
, which could slow themoveme

nt

of contami
nants

downst
ream

. Similarl
y
,

becaus
e
DOEhas commit

ted to maintai
ning

flows of 10 cfs in Steel Creek downstr
eam

of

the L -Lake dam , there is no reason to believe

thatlow stream levels caused by drought
s
would

expose contam
inated sedimen

ts
.

Asdiscussed in Section 4.1.5.1.3 of the EIS,

approxima
tely

225 acres of floodplai
n
wetlands

were inundated when the headwate
rs

of Steel

Creek were impounde
d

to form L -Lake.

Approxim
ately 122 acres ofwetland vegetation

have become establishe
d
along the shore of

L -Lake as a result of secondary successio
n
and

an aggressiv
e
planting program funded by DOE

and carried out by the Savannah River Ecology

Laborator
y

. Under the Proposed Action ,

L -Lake would gradually recede and could empty

in as few as 10 years. Asthe reservoir recedes,

littoral ( shoreline ) wetland vegetatio
n
would be

lost,would become re-establishe
d
during

periods (high rainfall )when reservoir levels

stabilize , andwould be lost again during

drought periods when the reservoir level drops

precipitou
sly

, until the reservoir reaches an

equilibriu
m

. These anticipate
d

cycles of

dessicatio
n
-revegetat

ion
-dessicatio

n
are

described in Section 4.1.5.2.2 of the EIS . The

analysis in the EIS assumes that the old Steel

Creek channel would ultimately become

re-establish
ed in the L -Lake basin , with some

pooling ofwater just upstream of the dam as

described in Section 4.1.2.2 of the EIS . The

wetland acreage that ultimately develops would

DOE is committ
ed

to restorin
g

the stream

ecosyste
m

and associat
ed

floodplai
n

forest that

existed prior to the creation of L -Lake.

Althoug
h

a final restorat
ion

plan has not been

prepare
d
,DOE is currentl

y
drafting a plan for

restorati
on

of the upper portion ofSteel Creek

and its floodpla
in

forest in consultat
ion

with

ecologis
ts

and forester
s
at the Savannah River

Forest Station and WSRC -SRTC . IfDOE

selects the Propose
d

Action , the Record of

Decision for the EIS will contain a commitme
nt

to prepare a Mitigati
on

Action Plan as well as a

more detailed impleme
ntation

plan that provides

a practica
l
, step -by-step guide to restoring the

plant communi
ties

ofthe riparian corridor and

floodpla
in

that were lost when L -Lakewas

created . Asnoted in Section 3.2.1 ofthis EIS,

DOE would apply appropri
ate

measure
s

to

stabilize the lakebed andminimiz
e

erosion .

DOE would also, in consulta
tion

with the

ecologis
ts

and foresters of the Savannah River

E -36



DOE /EIS -0268

drains. See the response to Comment L10-14

for the regulatory basis for this plan .

Forest Station and WSRC -SRTC , develop a

reforestation plan that involves planting and/or

transplanting trees and shrubs that are likely to

survive and propagate in the Steel Creek

floodplain .

Response to Comment L8-02

The DOE response regarding the cost ofcleanup

is fully covered in its responses to Comments

L9-03, -11, and -18. Basically ,DOE believes

that the draining of L -Lake would not increase

the cost of a complete cleanup of contaminated

areas in the Steel Creek Watershed, including

cleanup of that portion of thewatershed that is

beneath L -Lake.

Response to Comment 18-04

The 1995 Environmental Assessment for the

Natural Fluctuation ofWater Level in Par Pond

and Reduced Water Flow in Steel Creek Below

L -Lake at the Savannah River Site (DOE 1995)

assessed the expected impacts of allowing Par

Pond to fluctuate from a full poolof

approximately 200 feet (61meters) to 195- feet

(59.4 meters ). The alternatives considered in

the Shutdown ofthe River Water System at the

Savannah River Site EIS would also allow Par

Pond to fluctuate between 200 feet (61meters)

and 195 feet (59.4 meters). The alternatives

differ only to the extent that DOE would

maintain the operability ofthe River Water

System . The actions considered in this EIS, at

least in relation to Par Pond,have therefore

already undergone a thorough NEPA review .

Sections 4.3.5.1 and 4.3.5.2 review the findings

ofthe 1995 EA and supplement them with the

results of a numberofrecently -completed

monitoring studies.

DOE hasnot ruled out privatizing operations

that would result in cost savings. Currently, the

River Water System maintenance and

operations requires eight staff representing

about one- third of the annual costs. DOE

believes that the system could notbe operated

with fewer staff by another organization. Due

to the size of the system (pumphouse with 10

operable pumps, each with traveling screens

measuring 60 feet tall by 6 feetwide,

discharging to lines that feed a 1 and 1/2 mile

stretch of very large pipe from which

distribution piping to the reactor areas

originates), it is likely that only an organization

such as a power generating utility company

would have the experienced staff to operate and

maintain the pumping system and associated

lakes (L -Lake and Par Pond). Another large

component of the operating costs is energy

usage, in fact, approximately one-fourth of the

costs. There is no apparent savings in energy

costs with privatization either. There are other

factors to consider , such as, required dredging

of the intake canals from the Savannah River

every ten years, and degradation of the 40 -year

old piping system .

Response to Comment L8-03

The FEIS discusses a number ofmitigative

actions (Section 4.1.5.22) that would , in

addition to restoration ,help control sediment.

These include: (1 ) lowering reservoir levels

slowly to minimize erosion and encourage the

establishment of plants around lakemargins,

(2) planting grasses on exposed slopes to

stabilize bare areas and prevent erosion ,

(3)plantingpine trees in upland areas once they

have stabilized, and (4 ) planting hardwoods in

areas where survival is likely .

Response to Comment L8-05

The commentalso addressed the cost of

removing the L -Lake Dam . If DOE decides to

deactivate the River Water System immediately

orafter a period of standby, DOE would leave

most, if not allofthe dam in place after L -Lake

As noted in the response to Comment08-01,

DOE acknowledges that implementing the

Proposed Action would dramatically alter

L -Lake, as the reservoir ecosystem that

currently exists would bereplaced by a stream
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ecosystem . The EIS discusses these impacts in

Section 4.1.5.2 .

Section 4.1 . DOE believes this constitutes an

adequate impact analysis, and one that satisfies

the requirements ofNEPA. TheNEPA

regulations ( at 40 CFR 1502) make clear that

NEPA documents are intended to “...provide

full and fair discussion of significant

environmental effects ..." and be " ...analytical

rather than encyclopedic .”

Asnoted previously in the response to

Comment08-01, DOE does not believe that

implementation of the Proposed Action would

result in higher stream flows in the Steel Creek

corridor or in increased erosion and

sedimentation . There may be somelosses of

soil as the waters of L -Lake recede and bare

lakebed is exposed to weathering. As noted in

Section 3.2.1 of the EIS, DOE would apply

appropriate measures to stabilize the lakebed

and minimize erosion .

Response to Comment L8-06

The EIS (Section 4.1.2.2.2 ) suggests that there

could be increased sediment loading to Steel

Creek if the ponded area just upstream of the

L -Lake dam fills with silt and unusually -heavy

rainfall forces some of this accumulated silt

downstream . DOE believes that this is unlikely,

however, given the plans to stabilize the

exposed lakebed and the amount of silt that this

basin would be able to accommodate .

As indicated in the FEIS, Section 4.1.8 and

Appendix A , the L -Lake drawdown is unlikely

to expose
L -Lake sediments with sufficient

levels of Cs-137 to warrant active remediation

(e.g., soil cover, excavation ). However, DOE

does anticipate the need for appropriate land use

and administrative controls, erosion control

measures,monitoring, and similar activities,

which can be accomplished atmoderate cost

relative to cost savings realized from DOE's

proposed action. Potential cleanup costs ,

environmentaland aesthetic damage, and

worker risk in the event remediation of

contaminated lakebed sediments is required are

addressed in Chapter 3 of this FEIS.
The EIS discusses the impacts ofallowing

L - Lake to drain in considerable detail in

E - 38



DOE/EIS -0268

ENERGY

RESEARCH

FOUNDATION

Frances Close

Board Chairwoman

Theodore k Harris. Esq.

President

December 30 , 1996

Andrew R. Grainger

Engineering and Analysis Division

SA NEPA Compliance Officer

U.S. Department of Energy

Savannah River Operations Office

P.O. Box 5031 , Code DRW

Aiken , South Carolina 29804-5031

Attention : RWEIS

Dear Mr. Grainger:

L9-01

The attached five pages contain the Energy Research Foundation's comments

on the Draht Environmental impact Statement, Shutdown of the River Water System at

the Savannah River Site , (DOESE18-0268D).

Beyond the specific concerns we've enumerated,we strongly urge decision

makers atSAS to carefully reconsider the proposed action forming the basis for this

DEIS and to look diligently and creatively for alternatives that would preserve L Lake

and its extraordinary and valuable ecosystem .We believe enactmentof the proposed

action could result in the loss to the nation and the region of a rare and valuable

ecological resource. We also believe the proposed action, as presented, poses an

unacceptable risk to federal taxpayers in that the actionmay require a costly and

prolonged environmentalremediation effort which would be unnecessary without the

proposed action .

We encourage SRS decision-makers to find ways to lower the projected

maintenance and energy costs associated with providing a steady flow of river water

upstream of the L Lake dam .Wethink this can be done in ways that substantially

reduce long-term costs while preserving the valuable ecologicalresource.

We also encourage SAS decision-makers to consider that the proposed action

runs the considerable risk of developing into a debacle thatwould further undermine

the credibility of the national DOE environmentalremediation program and the

environmental remediation program atSRS in particular. To be blunt,allowing L Lake

to recede appears, almost by design , to be penny wise and dollar foolish . Aren't there

enough contaminated areas at SRS that require active remediation (not to mention

costly sampling and analysis) without purposely creating another ?

We trust our comments on this matter will receive careful attention and that

whatever decisions ensue about the fate ofthe River Water System , L Lake, and other

aspects of this proposal will be made thoughtfully and withouthaste .

Sincerely ,

L9-02

L9-03

Man Canon

Brian Costner, Director.537 Harden Sfeet.Columbia SC 29205.803256-7298, fax: 8032256-9116

Tim Connor, Associate Director, S. 1016 Buerta Vista Drive. Spokane,WA 99204.509/838-4580, fax 509/624.9188

PAINTED ON IN RECYCLED Papers TOY TEC
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Dec. 27 , 1996

Energy Research Foundation

Comments on DOE/EIS -0268D , Shutdown of the River Water System at

the Savannah River Site

19-04

Summary Comments : The Draft EIS attempts to frame considerations for a decision

on whether to shutdown the system for pumping riverwater from the Savannah River

to reactor areas at SRS. The sole stated purpose for the proposed shutdown is the

potential savings in annual operational costs associated with the riverwater system .

The DEIS estimates thatmaintaining the equivalent capacity of the existing system

would cost just over $ 2 million annually, and that shutting down the system would

result in costs ofbetween $ .5 million and $ 1.3 million annually , depending on whether

the system is completely deactivated ormaintained with capacity for restart. The

evidence presented suggests that a decision to completely deactivate the system

would be irresponsible , so the annual cost savings projected under the proposed

alternative is approximately $ 1 million .

The principle negative effect of the proposed action is the gradual

disappearance of a 1,000 acre lake (L Lake), the loss of valuable wetlands associated

with the permanentdrawdown , and the resulting destruction of the abundant fish and

wildlife community that has developed since the lake was created in 1984. The

gradual disappearance of the lake under the proposed action would also expose

sediments known to be contaminated with cesium -137, a radionuclide with a half- life

of approximately 30 years. By exposing these sediments , the proposed action clearly

invites the possibility that state and federal environmental regulators may require an

expensive cleanup action. If so , it is conceivable--perhaps probable ---that the

objective of the proposed action (cost savings) could backfire .What ismore certain is

that in order for the projected cost savings to be realized, regulators will have to agree ,

in advance, not to require active remediation of the exposed soils .

L Lakewas created on Steel Creek which is the most heavily contaminated of

all site surtace streamsat SRS because oflarge releases ofcesium -137 in the early

years of plant operation. Out ofthe estimated total inventory of560 curies ofcesium

137 released to SRS surface streams, a little more than half (an estimated 284 CI)

were released into Steel Creek . Due to radioactive decay, the remaining inventory in

Steel Creek should now be substantially less than 200 Ci (the DEIS provides an

estimate of 58 Ci)but this is still a substantial inventory and one thatwarrants concem .

Notonly would the loss of pumped river water result in the gradualloss of the water

"cover" over the contaminated sediments , it would also result in an unfavorable

change in water chemistry with the likely consequence of enhanced uptake of cesium

137 by largemouth bass and other aquatic organisms.

Further, the loss of L Lake would require a decision aboutthe fate of the L Lake

dam : either removing the large dam ormaintaining it. Annualmaintenance of the dam

is estimated at $500,000 butthere is no cost provided in the EIS for removing the dam .

Loss of the dam would , of course, result in the loss of an important flood control

mechanism for Steel Creek, a capacity that could be important to avoiding episodes

where flood waters suddenly move large amounts of contaminated sediments

downstream toward the Savannah River and the site boundary.

19-0

L94
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L9-07

Another negative factor is thatdeactivating the river water pumping system

would result in a loss of capacity to provide makeup water to Par Pond. Without

capacity to pump water to Par Pond there is the clear risk that, in the eventof a

regional drought, the pondwater level would drop below 195 feet and result in

contaminated soils becoming exposed .

Under Section X of the SRS FederalFacility Agreement,DOE is required to

prepare a Site Evaluation (SE ) report of L Lake and other sites listed in Appendix G of

the FFA. The SE report is to be submitted to EPA and SCDHEC for their approval.

Considering the effect the proposed action would have on the condition ofL Lake, it is

clear that taking the proposed action without submission and approval of a site

evaluation reportwould violate the spirit, and perhaps the letter, of the FFA .

Finally , the proposed action appears to be in clear conflict with Executive Order

11990 for the protection ofwetlands and DOE's own policy of preserving and

protecting SAS wetland resources in accordance with the national "no net loss of

wetlands goal. Indeed , the DEIS concedes that there would bemajor losses ofprime

habitatforwading birds under the proposed action. The EO requires steps to mitigate

loss ofwetlands but there are no substantive plans to offset these losses included in

the DEIS .

L9-08

L9-09

SPECIFIC COMMENTS

Cost and Alternatives: Given that the sole basis for the proposed action in this Draft

EIS is the potential for cost savings, the final EIS should provide a better organized,

more thorough, and better documented discussion of the factors thatwill ultimately

effect direct and indirect costs .

L9-10

L9-11

Direct Costs; The only purported benefits projected to accrue from the proposed

action is the savings in direct costs by the shutdown ofthe riverwater pumping system .

The final EIS should include further analysis ofpossible approaches for reducing the

direct costs associated with maintaining atleast that part of the River Water System

that will etfectively avoid the greatest potential for ecological and human health

impacts--the loss of L Lake. These approaches should include, but not be limited to ,

such options as the installation of higher efficiency pumps, potential for reducing

energy costs associated with pump operation, and the potential for working with

Independent contractors, independent conservation and/or wildlife foundatio! and

other state and federalagencies whosemission involves the protection ofnatural

wetland resources. It is atleast conceivable , for example , that the personnel costs

associated with maintaining the supply of river water to L Lake and themaintenance of

the L Lake dam could be donated by a private or public foundation with an interest in

preserving the valuable L Lake ecosystem . If so , this by itself would reduce the

projected cost of the No Action alternative from roughly $ 2 million annually to $ .5

million annually. And still there should be a way to substantially lower these costs to

benefit the taxpayer.
Even without these potential direct cost savings, it should be noted that the

benefits of the No Action alternative as presented in the EIS would appear, on their

face, to be well worth the projected costs. Not only would the L Lakehabitatbe

preserved but the No Action alternative would avoid the unavoidable and substantial

costs to both the Department of Energy and the U.S. Environmental Protection Agency

for the additional sampling, analysis, etc., that would berequired in order to determine

PK64-20PC
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what, if any, remedial actions are necessary to satisfy CERCLA requiremen
ts

as L

Pond recodes.

L9-12

Indirect Costs: Whatever the projected savings in direct costs under the

proposed action , this potential savings must be evaluated againstthe prospect that the

proposed action will necessitat
e a costly cleanup effort as the declining level of L Lake

exposes soils contaminat
ed

with radioactive cesium -137. In our view , the National

Environmen
tal

Policy Act (NEPA ) requires a thorough evaluation of the potential

remediatio
n

costs that are likely to result from the proposed action . The final EIS

should include this evaluation .In addition to the legal issues ofNEPA compliance, it would be plainly

irresponsible for the Department ofEnergy to proceed with this action without having

obtained a substantive answer from the U.S. Environment
al

Protection Agency that the

action :

a) is unlikely to subject SAS to immediate enforceme
nt actions for violations of

the Comprehen
sive Environmen

tal
Response, Compensat

on
and Liability Act

(CERCLA ) and other federal and/or state laws, and,
b ) is unlikely to result in subsequent determinatio

ns
by EPA that the

consequence
s
of the proposed action will necessitate significant cleanup actions

involving substantial costs to ensure protection of public health and the environment.

L9-13

L9-14

The prospective environment
al

remediation costs associated with the proposed

action could actually result in a substantialnet loss to the taxpayer. In addition to fully

analyzing the potential environmenta
l
remediation costs, the final environmenta

l

impact statement should thoroughly consider other potential indirects costs thatmay

be associated with the proposed action and alternatives. For example , under the Shut

Down and Deactivate option the substantial cost of removing the current L Lake dam is

not factored into the cost equation and should be.
Finally, the EIS should factor in the contingency costs ofmaintaining surface

water outfalls which receive water from the RiverWater System .Loss ofwater in those

canals would inevitably lead to their becoming clogged with new vegetation which

would elther have to be removed on a regularbasis or at a future time when

circumstance
s
may require reactivation ofthe system -- either to support future site

missions or to mitigate unforeseen environmenta
l

effects. The final EIS should include

the maintenance costs ofkeeping the canals clear and the one-time costs for future

canal clearing operations should use of the outfalls again become necessary .

L9-15

19

Human Health Risks: The analysis and discussion of human health risks

associated with the proposed action are inadequate in several respects.

1) The Draft EIS contains only a few scattered clues as to what the extensive

sedimentanalysis at L Lake, as referenced on page A -3 , revealed . This data

(reportedly involving in -situ measuremen
ts at over 90 locations) and its implications,

should be at the center of the discussion of theworker and public health

consequence
s
ofthe proposed action. Yet, the results of this sampling aren't provided

-apparently because the data is reported to be unvalidated. It is ERF's view that SAS

should not have distributed for comment a draft EIS withouthaving taken the time to

validate such Importantdata . It is puzzling and somewhat disturbing that SRS would

PK64
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publish a draft EIS without having validated this data for use in assessing the affected

environment. It is clear that Figure A -1 on page A-6 was composed using this

unvalidated data. This was improper because it allows authors of the DEIS to present

a synthesis ofdata without producing the underlying data that supports the

presentation . Furthermore, it was improper not to publish a disclaimer on Figure A - 1,

noting the fact that it was composed using unvalidated data .

L9-17

2 ) On page B - 2 there is a discussion of a much more limited core sampling

effort involving 8 sediment cores.Here it is reported that Cs-137 concentrations from

these core samples ranged as high as 103 picocuries per gram , with a mean

concentration of 8.7 picocuries. This, alone, should give SRS decision-makers pause

because onemust, for the time being,make the conservative assumption that the draw

down of L Lake that will occuras a result of the proposed action will expose sediments

at ornear this level of contamination. If so, there is a good likelihood that a major

environmental remediation effort will be required by EPA to dealwith this

contamination . The cost of such a remediation could easily negate -- oven exceed

whatever cost savings are projected by shutdown of the River Water System . L9-18

L9-19

3 ) Figure A -1 on page A -6 should be recomposed using validated data from

sediment samples. The figure should , to the extent practicable, provide the locations of

specific sampling locations so readers can get a clearer sense of how the designated

isopleths are composed . It should also include a depiction of the areas greater than 2

picocuriesper gram of sediment Cs-137 because it is this level of contamination that

would (assuming the formula being used in the DEIS for these conversions is

accurate ) reach the 10-4 risk levelfor the residential scenario, a more likely threshhold

for remediation than the 10-6 risk levelfor the residential scenario that is presented

(alongwith two worker scenario risk projections) in Figure A - 1.

Moreover, it is important that the Department's decision -makers have a clearer

understanding of the potentialhazard thatwould be created If the Department pursues

the proposed action. Atthis point itwould be prudent for DOE to assume that EPA will

require remedial actions for those areas where risk levels are at or exceed the 10-4

lifetime risks calculated at the 2 pCilgram level for Cs-137.

L9-20

4 ) With the shutdown of the river water system it is inevitable that the water

chemistry in L Lake and Steel Creek will change.Among other changes, there willbe

lower nutrient loading and a decline in specific conductance. As was observed during

a recent drawdown at Par Pond, the decline in potassium (attributable to lowerlevels

of potassium in groundwater and other natural inflows relative to Savannah River

water) results in increased biologic mobllity of cesium -137 . This change is likely to

increase the cesium -137 concentrations in largemouth bass and other aquatic

organismsnot only in what remains of L Lake but in the entire SteelCreek system

down to the Savannah River. This is significant because the State of South Carolina

(with support from the Environmental Protection Agency's Region IV office) has

already issued a fish consumption advisory for the Savannah River near and

downstream of SRS because of the relatively high concentrations ofCs-137 in fish .

While this increase in health risk may only bemarginal, it does provide another reason

to carefully consider the environmental and human health consequences of the

proposed action .
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L9-21

Ecologica
l
Impacts, Risks and Potential Opportuni

ties
: Overall, the Draft EIS

does a thorough job of detailing and explaining the real and potential ecological

effects of the proposed action and alternative
s
. The discussion of the ecological effects

of the proposed action should include an independe
nt

assessmen
t
of the value of the

L Lake ecosystem , such as estimates ofthe value of the lake's fishery , the value of the

extraordina
ry

wading bird habitat, and the value of the lake in terms of maintainin
g

the

site's bald eagle population . The value of the L Lake ecosystem should be assessed

within a regional context. For example , it would be useful to know the extent to which

ecosystem
s

similar in abundance and variety are found elsewhere in the Central

Savannah River Area and the southeast United States.
This discussion could also benefit by assessing the value of L Lake as a

potential ecological research area within themission associated with SRS'S

designation as a National Environment
al
Research Park .

Coordinatio
n

with EPA and other Federal and State Agencies

Given the potential for increasing human health risks and the threatened loss of

a substantial naturalresource like L Lake, the Departmen
t ofEnergymust ensure that

its decision making is coordinate
d with the Environme

ntal Protection Agency , the

South Carolina Departmen
t of Health and Environme

ntal Control, and other federal

and state agencies whomay have a legitimate role to play in deciding the fate of L

Lake.
Specifically with regard to EPA, L Lake, Steel Creek, and other contaminated

areas potentially affected by the proposed action, are listed in Appendix G of the SAS

Federal Facility Agreement (FFA) as sites requiring evaluation under terms of the FFA.

DOE is obliged to conduct actions at sites listed in Appendix G in accordance with

specified requirements of the NationalOil and Hazardous Substances Pollution

Contengency Plan (NCP ). These obligations include the submission to EPA and

SCDHEC of Removal Site Evaluation Reports (SES) so these agencies can make

determinatio
ns

as to what, if any, remedial actions are required at the listed site( s).

Under Section X of the FFA , if DOE should disagree with the response actions

recommende
d

by EPA and SCDHEC, it can then submit the matter for dispute

resolution .
In our view , any decision to move ahead with the shutdown of the water system

at SRS without approval by EPA and SCDHEC of the SE for L Lake is a violation of

the intent of Section X of the FFA.We therefore recommend that concurrent with this

NEPA process, the SE for L Lake should be prepared and reviewed by the agencies

under termssetforth in the FFA . A determination on the required SE for L Lake should

be used to inform the options set forth in this DEIS .

L9-22

Executive Order 11990

19.

The proposed action in this Draft Environment
alImpact Statement appears to

violate Executive Order 11990,"Protection ofWetlands," which requires federal

agencies to avoid impacts to wetlands if a practicable alternative exists . In addition,

federal policy is to achieve the goal of"no net loss" ofwetlands. In this case,DOE has

notproposed a mitigation measure to accompany the proposed action ; the net loss

would occur.More importantly, a practicable alternative to the proposed action does

exist in the form of the "no action" alternative described in the DEIS .

PK64-
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Response to CommentL9-01

DOE has carefully evaluated the beneficial and

adverse effects of the action. Although DOE

acknowledges loss of L -Lake and approximately

189 acres of littoral (shoreline fringe) wetlands,

it is committed to restoring the valuable

ecosystem that L -Lake inundated , including 225

acres of bottomland forest wetlands.

Steel Creek channel and floodplain , which is an

Integrator Operable Unit (IOU ) under the FFA .

Investigation would include the portions of

Steel Creek upstream , downstream , and beneath

L -Lake. Clearly the reach of the Steel Creek

stream channel and floodplain that is currently

beneath L -Lake would be more cost effectively

investigated as the channel is exposed by the

drawdown of L -Lake.

Contamination in L -Lakeexclusive of the Steel

Creek channel and floodplain is discussed in

Appendix A. Because there is little, if any,

additional contamination since DOE built

L -Lake, the concentration of contaminants in

this area is relatively low . Please see theDOE

response to Comment L9-18 for details on this

portion of the lake.

As indicated in this FEIS, Sections 4.1.8 and

Appendix A , the L -Lake drawdown is unlikely

to expose L -Lake sediments with sufficient

levels ofcesium -137 to warrant active

remediation ( e.g., soil cover, excavation ).

However,DOE acknowledges that the final

decision on remediation would bemade after

completion of the FFA process. DOE does

anticipate the need for appropriate land use and

administrative controls, erosion control

measures,monitoring, and similar activities,

which can be accomplished atmoderate cost

relative to cost savings realized from DOE's

proposed action . This EIS addresses potential

cleanup costs (see Appendix A ), environmental

and aesthetic damage (see Sections 4.1.5 and

4.1.7 ), and worker risk (see Section 4.1.8 ) in the

event remediation of contaminated lakebed

sediments is required.

Response to Comment L9-04

Responses to Comments L9-03 and L9-18 are

responsive to this comment as well. Also see

the DOE responses to the EPA letter (L10 ).

Response to Comment L9-02

Ifremediation is required in Steel Creek below

L -Lake, failure to remediate the portion beneath

L -Lakewould cause continuing releases that

negate the remediation. If remediation is not

necessary above or below L -Lake it is doubtful

that remediation would be required in the reach

that is presently beneath L -Lake. Although

there is considerable variability in contaminant

concentrations from point to point in the

streambed, the " hot spots" and average

concentrations are essentially equal in the three

reaches.

The smallpump layup schemepresented in

Section 3.3.2 could preserve L -Lake and save up

to $307,000 per year compared to savings of up

to $797,000 per year for schemes that could not

preserve L -Lake. This range oflayup options

for the proposed action is presented to enable

the decisionmaker to evaluate the tradeoffs

between three layup schemes. Section 3.3.2 has

been revised to clarify thatthe smallpump

layup scheme could preserve L -Lake .

Neither DOE or its regulators would agree not

to require active remediation ofthe exposed

sediments until characterization and evaluations

under the FFA are complete .

Response to Comment L9-03

Response to CommentL9-05

DOE believes thatthe reversion of L -Lake to

original Steel Creek levels would enhance the

efficiency of rather than jeopardize final

investigation and if necessary remediation ofthe

Continued saturation ofcontaminated Steel

Creek sediments is expected under the proposed

action . As discussed in the EIS, aerial

radiological surveys conducted since 1974

E -45



DOE/EIS -0268

Response to Comment L9-08indicate that the radionuclides in the Steel Creek

system have remained channeled in a zone that

correlates with the historic stream channel and

floodplain for the creek. Additionally , studies

performed by DOE in support of the L -Reactor

Operation EIS (DOE 1984 ) indicate thatmost

contaminants deposited in Steel Creek stream

bed are in the upper regions of the floodplains.

Since the floodplains are likely to remain

unchanged under all alternatives (i.e., these

areas will remain saturated ), incremental

impacts are likely to be small.

Section X of the FFA requires that if EPA and

SCDHEC determine further response action is

necessary for an area, then DOE agrees to

amend Appendix C of the FFA to include such

areas and to conduct additionalwork atsuch

areas under termsof the Agreement.

Response to Comment L9-06

To expedite the FFA process, DOE will not

submit a Site Evaluation Report for regulatory

review but rather will propose for the

assessment of L -Lake, with the performance of

further evaluations such as the completion of

appropriate studies under thetermsofthe FFA .

This approach is consistentwith the termsofthe

FFA and supports ongoing initiatives to

expedite the FFA process (Johnston 1997).

Response to Comment L9-09

If DOE decides to implement a shutdown

alternative, it would maintain both the Par Pond

and L -Lake Damsat an annual cost of

approximately $500,000 compared to

approximately $ 2,250,000 per year to continue

to operate the River Water System . After

drawdown and a decision to deactivate the River

Water System , DOE would notcontinue L -Lake

Dam maintenance. It would either breach the

L -Lake Dam or take the necessary actions to

ensure continuous, unobstructed flow through

the existing outflow structure .

It would be premature to make a decision on the

dam deactivation option to pursue, which would

not be implemented for approximately 10 years

after a shutdown decision . DOE believes that

this cost, in termsofpresentworth , is small

relative to the immediate and cumulative

savings that would occur under shutdown.

Asdiscussed in Section 4.1.5.1.3 of the FEIS ,

approximately 225 acres of creek bottom

wetlands were inundated when the headwaters

of Steel Creek were impounded to form L -Lake.

Savannah River Ecology Laboratory (SREL)

scientists have estimated that there are

approximately 190 acres of jurisdictional

wetlands around the edges of L -Lake. These are

areas with the requisite soils and hydrology to

support wetland vegetation . Approximately 122

acres ofwetland vegetation have actually

become established along the shore of L -Lake

as a result of secondary succession and an

aggressive planting program funded by DOE

and carried outby the SREL . Under the

Proposed Action, L -Lake would gradually

recede and could empty in as few as 10 years.

As the reservoir recedes, littoral (shoreline)

wetland vegetation would be lost, would

become re -established during periods(high

rainfall) when reservoir levels stabilize, and

would be lost again duringdrought periods

when the reservoir level drops precipitously,

untilthe reservoir reaches an equilibrium .

These anticipated cycles of dessication

revegetation-dessication are described in

Section 4.1.5.2.2 ofthe FEIS. The analysis in

Response to CommentL9-07

DOE believes that Par Pond would not fall

below the 195 foot level unless there was a

catastrophic drought that would affect water

quality in other regional lakes and streams. In

calendar year 1996 , a dryer-than-average year,

the lowest daily lake levelwas 199.21 feet.

Nevertheless, DOE prefers to maintain the River

Water System after shutdown and, if necessary ,

it would restart the system , pump to Par Pond,

and bring the water level to an appropriate level

above 195 feet. See Section 3.3.1.1.
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Response to Comment L9-11

DOE respondsto this comment by its

components:

Avoid the loss of L - lake

the FEIS is based on the expectation that the old

Steel Creek channelwould ultimately become

re -established in the L -Lake basin , with some

pooling ofwater just upstream of the dam as

described in Section 4.1.2.2.2 of the FEIS. The

wetland acreage that ultimately develops would

be approximately the sameas thatwhich existed

circa 1983, before Steel Creek was impounded.

Thus, although there would be short- and

intermediate-term losses ofwetlands as the

reservoir recedes, there would be no net loss ”

ofwetlands over the long term .

Higher efficiency pumps/potential for reducing

energy costs

DOE intends to operate a high efficiency pump

(5,000 gallons per minute) that will reduce costs

and save energy. Schedules indicate that

operation of the River Water System with this

pump and issuance of this Final EIS are nearly

concurrent. Use of this pumpwould avoid loss

of L -Lake under the No-Action Alternative or

selection of the small pump layup schemeunder

the Proposed Action .

The FEIS discusses a number of possible

mitigative actions (Section 4.1.5.2.2 ) including:

(1) lowering reservoir levels slowly to minimize

erosion and encourage the establishment of

wetland plants around lakemargins, (2 ) planting

grasses on exposed slopes to stabilize bare areas

and prevent erosion, (3 ) planting loblolly and

longleaf pine in upland areas once they have

stabilized, and (4 ) planting hardwoods in areas

where survival is likely. Although a final

restoration plan has not been prepared, DOE is

currently drafting a plan to implement these

mitigative measures ifDOE selects a shutdown

alternative.

Working with independent contractors

DOE hasnot ruled out privatizing operations

thatwould result in cost savings. It is doubtful

that a private contractor could provide personnel

with the required skills at less cost. Also, there

is no apparent savings in energy costs by

privatizing. DOE has an active vendor forum

program in place and has received no proposals

for privatizing the River Water System .

Response to Comment L9-10

Working with independent conservation and/or

wildlife foundations

In addition to cost savings, DOE has considered

indirect beneficial impacts such as reduced

energy consumption, reduced entrainment of

fish larvae and fish eggs and impingementof

fish in the Savannah River,and restoration of

the pre-Lake ecosystem , including 225 acres of

bottomland forest wetlands.

DOE welcomes dialogwith conservation and/or

wildlife foundations buthas received no

proposals for involvementwith the River Water

System during the first 10 monthsof this NEPA

process. DOE has revised the Foreword in this

EIS to invite such dialog.

Working with other state and federal agencies

DOE acknowledges that cost savings is the

predominant direct beneficial impact. DOE has

followed Council on Environmental Quality

regulations in its revision of Section 3.3 to

include costs of shutdown that “ can be

supported by credible scientific evidence, are

not based on pure conjecture, and are within the

rule of reason .”

Other state and federal agencies have also been

informed of the action that DOE is considering.

It is unlikely that another governmentagency

would seek to increase its mission in light of the

reduction ofbudgets and downsizing that is

underway.

>>
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Donation by private or public foundatio
n

to

maintain river water supply and L -Lake dam

In accordance with NEPA,DOE has prepared

this EIS at the earliest possible time to insure

that planning and decisions on the operation of

the River Water System reflect environmen
tal

values.

DOE welcomes such proposals and has revised

the Foreword to indicate its willingne
ss

to

consider donations for the preservati
on

of

L -Lake.

Benefits ofNoAction alternative appear to be

well worth the projected costs

Preserve L -Lake habitat

DOE believes that there are both adverse and

beneficia
l impacts in the lossof L-Lake . DOE

attempts to evaluate both the positive and

negative aspects of this issue in this EIS .

DOE has responde
d

to the cleanup effort in the

manner recomme
nded

by its Office of Policy

and Assistanc
e
. Because the investigat

ion
and

potential cleanup of the Steel Creek watershed

is not ready for proposal,DOE treats it as a

connecte
d

action , with indirect effects. DOE

addresses this connected action in Appendix A

and Section 4.5 , Cumulati
ve

Impacts but defers

alternati
ves

for the connected action until

feasibility studies under the FFA are initiated .

If, at that time, the actions under the FFA call

for the procedur
al

and document
ation

requireme
nts

of NEPA, DOE would incorporat
e

NEPA values in the FFA document
s

or, after

consultat
ion

with stakehold
ers

,could choose

separate but integrated NEPA and FFA

processes. This approach is described in L-Lake

Site Evaluatio
n
and Remedial Alternativ

es
Study

in Section 1.4 and is fully compatibl
e
with the

applicabl
e
order,recommen

dation
,and policy

statement of DOE.

Avoid costs to satisfy CERCLA requiremen
ts as

L Pond recedes

DOE is aware of the costs of investigatio
n
and

potentialremediation of the Steel Creek IOU

including the stream channel and floodplain that

is currently beneath L -Lake. It is not convinced

that the drawdown of L -Lake and inclusion of

the portion of L -Lake that is outside the stream

channel and floodplain will increase these costs .

Because the contaminat
ion

of the channel and

floodplain occurred prior to the impoundme
nt

of

L -Lake, there is relatively little contaminat
ion

in the lake exclusive of the channel and

floodplain . The response to commentL9-18

provides additional discussion pertinent to cost

for remediation .

Respons
e

to Comme
nt

L9-13

DOE willcomply fully with applicab
le

Federal

and state laws in making its decision
s

on the

operatio
n

of the River Water System . In

addition, DOE will coordina
te

as necessar
y
with

EPA and SCDHE
C

to ensure that the decisions

it makes on the system as a result of this EIS are

compati
ble

with potentia
l
remedial decisions it

willmake for L -Lake under the SRS FFA .Response to Comment L9-12

TheDOE response regarding the cost of cleanup

is fully covered in its responses to Comments

L9-03, -11, and -18. Basically , DOE believes

that the draining of L -Lakewould not increase

the cost of a complete cleanup of the Resource

Conservation and Recovery Act

(RCRA)/CERCLA units within the Steel Creek

watershed, including cleanup of that portion of

thewatershed that is beneath L -Lake.

In respons
e

to histori
c
release

s
ofhazardo

us

substan
ces

to the enviro
nment

at the SRS,EPA

include
d

the Site on the Nationa
l

Priority List

(NPL) under Section 105 of theCERCL
A

. This

action becam
e
effecti

ve
on Decemb

er
21,

1989.

A site on the NPL falls unde
r

the jurisd
iction

of

CER
CLA

, whic
h

bases contr
ol

on risk.
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CERCLA requires decisions on site remediation

to go through a formal process under the FFA .

The proposed operational shutdown activities,

while supporting possible future SRS

operations,would also ensure the ability to refill

L -Lake if an interim or finalremedial action

required the stabilization of exposed sediments.

DOE would coordinate proposed operational

shutdown activities with the activities and

commitments in the FFA.

Section 3.3.2 . Further, any attempt to estimate

them would be based on conjecture because

DOE doesn't know which outfall, if any, would

be used in the event of an order to restart the

River Water System .

Response to Comment L9-16

DOE believes that both the Draft and Final EIS

clearly indicate what the sediment analysis of L

Lake revealed.

Response to CommentL9-14

The DOE position on potential remediation

costs associated with the proposed action is

fully covered in response to Comments L9-03,

-11, and -18.

Validated data from 1996 sampling have been

used in the Final EIS for the evaluations of

human health and the environment, including

Appendix A. The in situ gamma analyses

represent scoping level analyses using special

methods. The detailed results of these studies

are available in the DOE Reading Room .This comment also addressed the cost of

removing the L -Lake Dam . IfDOE decides to

deactivate the River Water System immediately

or after a period of standby, DOE plans to leave

most, ifnot all of the dam in place after L -Lake

drains.

DOE bases this plan on correspondence with the

U.S. Army Corps of Engineers who, in turn ,

notified other relevant State and Federal

permitting and resource agencies (i.e.,U.S.

Departmentof Interior,NOAA/National

Marines Fisheries Service, EPA, SCDHEC, and

the SC Department ofNatural Resources).

Based on the information provided by DOE and

the fact that the agencies offered no comments

or concerns, the Corps of Engineers concludes

that DOE isnot required to remove the

embankment.

DOE believes that itwas appropriate to use

unvalidated data during preparation of the Draft

EIS while the validation process was underway.

Validation was completed just prior to issuance

of the Draft EIS , and DOE determined that the

validated data did notnegate any of the

evaluations in the Draft EIS. DOE has added a

description of the sampling data sets used in the

Final EIS (Appendix F ) and has expanded and

revised all affected sections based on validated

1996 data for L -Lake ( see Sections 4.1.5 and

4.1.8 and Appendixes A , B , C , and F ).

Response to CommentL9-17

DOE would select an economical option that is

protective ofhuman health and the environment

such as breaching or ensuring unobstructed flow

through the existing conduit.

Asper guidance provided by the DOE Office of

NEPA Oversight, EIS analyses are based on

reasonable exposure
conditions such as those

represented by average concentrations. Using a

maximum concentration to assess exposures

would present the highest consequences but

would not represent concentrations found

throughout the dried lakebed. Both the human

health and ecological impact analyses in the

FEIS are based on validated data from extensive

sampling of the entire lakebed.

Response to Comment L9-15

DOE considers vegetation control in outfall

canals to be within the uncertainty of the

preliminary surveillance and maintenance cost

ad one-time cost to restart presented in
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Response to Comment L9-18

per day,respectiv
ely

, well below the DOE

aquatic organism limit of1.0 rad per day. In

addition to minnow
s, the Final EIS analyzed

radiologi
cal

impacts to largemout
h
bass. The

calculate
d total radiation dose to largemout

h

bass in Par Pond was 3.9 x 10-4 rad per day ,

virtually allofwhich was due to exposure to

one isotope, cesium -137. The calculated total

radiation dose to largemout
h

bass in L -Lake was

slightly lower, 2.1 x 10-4 rad per day, nearly all

due to cesium - 137 .

Response to Commen
t
L9-21

In support of the EIS , DOE has undertake
n

a

study to identify and evaluate the likely range of

remedial action alternativ
es

that itmight

ultimately consider under the FFA with respect

to the contamina
ted

sediments within L -Lake

exclusive of the Steel Creek stream channel and

floodplain . A summary of the study results is

presented in Appendix A. Based on these

prelimina
ry

evaluatio
ns

, DOE believes that

institutio
nal controls to prevent residentia

l
use

of this area for a period that allows for natural

radiologi
cal

decay to safe levels may be the

most reasonabl
e
remedial option . Naturaldecay

would reduce cesium -137 (the primary

contamin
ant

ofconcern ) to nearbackgrou
nd

levels in 100 years. During that period, onsite

worker exposure levels would be well below the

currentSRS occupatio
nal

standards for radiation

protection . This evaluation suggests that

institutio
nal

control, and potentiall
y
no action ,

would be adequate to ensure protection of

public health and the environm
ent

. Costs

associated with those remedial options would

not be great. For example, approxima
tely

$ 15,000 would be required for sign placemen
t

and deed notificati
on

under the institutio
nal

control option .

The FEIS presents a detailed description of the

existing L -Lake ecosystem , with discussions of

water quality , plankton, fish , wading birds,

waterfowl, amphibian
s
and reptiles, semi

aquatic mammals, and Federally - listed species,

such as the bald eagle, that forage in and around

the reservoir. The FEIS emphasizes L -Lake's

ecological " value” as wading bird habitat,

wintering waterfowlhabitat, alligator habitat,

and bald eagle foraging habitat. The importance

of L -Lake ashabitat for Federally-listed species

is in a regional, as well as local, context in

Section 4.3.5.3.

Response to CommentL9-19

DOE included Figure A - 1 in the FEIS to show

data points upon which the remedial options

study is based. The revised remedial goal

option for the onsite worker scenario at the 10-6

risk level presented in the FEIS is not

representative of 10-4 risk level for the

residential scenario as was the case for the

DEIS . Therefore, the FEIS was revised to

separately evaluate the onsite residentat the

10-4 risk level in the remedial options analyses

presented in Appendix A.

DOE has designated 30 areas on SRS totaling

more than 14,000 acres as National

Environmen
tal

Research Park (NERP) Set Aside

Areas. These Set Aside Areas are undisturbed

natural areas (e.g., Carolina bays and mature

hardwood forests) that are protected to promote

biological diversity locally and regionally and to

provide baseline data to evaluate impacts of

developme
nt

on the SRS. They also serve as

examples of how ecosystem
s
should look and

function after contaminat
ed

areas are

remediated and restored . L -Lake, which is a

man-made impoundme
nt

and has historically

been influenced by SRS operations, would not

be a good candidate for protection under the

NERP Set-Aside program .

Response to Comment L9-20

DOE found that calculated radiation doses to

minnows in Par Pond, L -Lake, and Steel Creek

were 1.3 x 10-5, 4.9 x 10-5, and 5.2 x 10-5 rad
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Response to Comment L9-22

DOE believes that submittalof a Site Evaluation

Report for regulatory review under the termsof

Section X of the FFA is unnecessary , and

proposes further assessment of L -Lake under the

FFA for consideration ofearly and final

remedial actions. This approach is consistent

with the termsof the FFA and supports ongoing

initiatives to expedite the FFA process. (See the

responses to Comments L10-01 and L9-09.)

measures. DOE agrees that continued operation

of the River Water System is a reasonable and

practicable alternative within themeaning of

NEPA as itwas evaluated in the EIS with the

same scientific rigor and thoroughness as the

other alternatives. However, theNo-Action

Alternative does not satisfy the purpose and

need for agency action ( see Section S.2 and

Chapter 2 of the EIS), which is to identify

surplus infrastructure such as the River Water

System and develop an action plan for its

disposition. This assumes that the River Water

System has no mission and will become

increasingly expensive to operate in the future.

Response to Comment L9-23

The response to Comment L9-09 addresses the

" no net loss” ofwetlands issue and mitigation
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December 30 , 1996

EAD /OEA -mh

Andrew R.Grainger

SR NEPA Compliance Officer

U.S. DepartmentofEnergy

P.O. Box 5031

Aiken, SC 29804-5031

SUBJECT: Draft Environmental Impact Statement (DOE/EIS -0268D ) for the

Shutdown of the River Water System at the Savannah River Site (SRS),

Aiken , South Carolina

DearMr. Grainger:

Wehave reviewed the subject Environmental Impact Statement (EIS) in accordance with

Section 102(2 )(C ) of theNational Environmental Policy Act (NEPA ) and Section 309 of the

Clean Air Act. The proposed action is to shutdown the SRS River Water System and to place all

or portions of the system in a standby condition. Overall, the Draft EIS is well written and

illustrated . We agree that the format used enhances the clarity of the presentation of analyses

(page 4-1). Ourdetailed comments are provided as an attachment.

L10-01

ThisNEPA action should be coordinated to the fullest extent possible with Federal

Facilities Agreement (FFA) activities. This coordination could be achieved in two ways:

(1) a joint EIS /FFA Record of Decision (ROD); or, (2 ) expediting the FFA process so that

implementation of the preferred alternative under the EIS ROD can be coordinated with the

necessary FFA remedial action. It is EPA's opinion that coordinating the two decisions could

best facilitate implementation of cleanup and operational shutdown activities.

L10-02Based on our review , we rate the Draft EIS “ EC- 2"; that is,wehave environmental

concerns about the project and more information is needed to fully assess the impacts. In

particular, the issue of ecological risks warrants further discussion in the Final EIS .

Angyaled Recyclablo •Printed with Vegetable Ol Basedile on 100% Aocycles Paper (40% Pontconsumen

PK64-22PC

CommentL10 . Page 1 of 7.
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Ifyou have questions about these comments, please contact Marion Hopkins ofmy staff at

404/562-9638. The EPA Remedial Project Manager for SRS is Jeff Crane. If you have questions

specific to the FFA process, you may contact him at 404 /562-8546 .

Sincerely,

Heinz J.Mueller, Chief

Office of Environmental Assessment

Attachment

PK64-22PC

Comment L10 . Page 2 of 7 .
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Page One ofFive

Commeots On

Draft Environmental Impact Statement

Shutdown of the River Water Distribution System at the

Savannah River Site

(DOESELS-0268D ; November 1996 )

General Comments

1 . As summarized in Table S -2, the preferred alternativewould result in the potential for

increased exposure to contamination due to three primary changes in the physical state of

the environment:

Reduction of areal extent of impounded water would expose underlying

contaminated sediments and thereby:

1) Increase exposure to contamination by terrestrial fauna;

2 ) Increase mobilization of contaminated sediments due to runoff erosion

and wind dispersion; and,

3) Decreased base flow ofstreamsreceiving both point source and non-point

source discharges (e.g., contaminated ground water recharging streams)

could effect an increase in contaminant concentrations within the stream .

The resulting increases of contaminant exposure under the preferred alternative should be

coordinated with a consideration of appropriate action under the terms of the FFA. The

EIS provides a thorough documentation of the presence ofL - Lake contamination.

Therefore, in light of the thorough evaluation of L -Lake in the EIS , the L -Lake Site

Evaluation under the termsof Section X of the FFA appears to be redundant

documentation and unnecessary for the purposes of Section X of the FFA. The draft EIS

provides sufficient information to add L -Lake to Appendix C of the FFA for consideration ,

of early and final remedial actions.

L10-03

Additionally, Appendix A to the EIS is an excellent resource for scoping the RIFS for L

Lake. The thoroughness of the EIS documentation for L -Lake should support an

expedited documentation process for a final remedy selection for L -Lake.

2 .

L10-0

Section 14. pp. 1-6 . and 7 The discussion ofthe FFA remedy selection process overstates

the levelof complexity and timenecessary to yield cleanup decisions under the terms of

the FFA. Terms such as “ rigorous alternatives analysis”, “long and involved" may be true

for DOE internally; however, such terms are not implicit in the cleanup process under the

FFA.

PK64-23PC

Comment L10. Page 3 of 7 .
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Page Two of Five

Thereference to a "near-term operational decision .... in light of a long-term potential

remedial action” is misleading. Whereas a remedial action for L - Lakemay be a long-term

solution, the evaluation and decision making process leading to a remedial action, as

required under the FFA,maybe expedited . DOE should be capable ofaccelerating a

remedial action decision for L -Lake if DOE is interested in such an acceleration. In fact,

as stated in General Comment 1 above, effort should bemade to coordinate a cleanup

decision and the preferred alternative. This coordination could be achieved in two ways:

1 ) a joint EIS/FFA ROD; or,

2) expediting the FFA process so that implementation of the preferred alternative

under the EIS ROD can be coordinated with thenecessary FFA remedial

action . L10-04

It should be recognized under the two scenarios above that the end state objectives of the

EIS ROD and the FFA ROD are similar (i.e., protecthuman health and the environment),

although the cause for the RODsunder the two programsdiffer considerably ( i.e., EIS is

operations driven , FFA is cleanup driven ). Therefore, it is DOEs responsibility to pursue

the approach which will best ensure protection of human health and the environmentwhile

effectively managing its resources to accomplish the objectives ofboth its operating

program and cleanup program . It is EPA's opinion that coordinating the two decisions

could best facilitate implementation of cleanup and operational shutdown activities which

minimize funding needs for documentation andmeet the common objectives of both

programs.

3 .
|L10-05

Section 3.3.1.2. p . 3-6 Currently, L -Lake is a site included on Appendix G ofthe FFA .

Appendix G includes siteswhich may require further investigation for consideration of

remedial action. DOE's preferred alternative ofstandby is supported based on future site

missions requiring water and the potential need to refill L -Lake as a CERCLA remedial

action. Refilling Par Pond was chosen as an interim remedial action to stabilize the

exposed sediments around the periphery of Par Pond. Final remedial action objectives

have not been set for Par Pond. Therefore, it appears inappropriately presumptive atthis

time to defend the preferred alternative of the EIS (i.e., standby) on the potential for

establishing final remedial action objectives for L-Lakewhich require continued operation

of the river water distribution system . Rather than base the EIS decision on a potential

CERCLA ROD ,the EIS and CERCLA programs should be combined to streamline

documentation requirements and to select an alternative which is consistentwith the

objectives of the two programs.

L10-06

PK64-23PC

Comment L10 . Page 4 of 7 .
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Page Three of Five

Specific Comments

1. Section 5.3. p. S -2 Reference ismade to “ ...apply other measures to minimize potential

adverse effects of exposed sediments, which contains contaminants, in thelake bed.” It is

assumed that this is a reference to measures deemed necessary under the termsof the

FFA. This reference should be clarified by expressing the expected approach, including

scheduling, under the FFA.

L10-07

2 . Section Lil 14 A table illustrating the historic, current,and expected future flow rates

to all waterways would help to convey the information presented in this section.

||1.10.08

3 .

L10-09

Section 11 14 It appears that the reduction of flow through the river water

distribution system from 23,000 gpm to 5,000 gpm could result in elevating

concentrations of contaminants in portions of some streamsdue to a reduction of base

flow rates with point source (e.g., NPDES discharges) and non-point source (e.g., ground

water contaminant plume) discharges remaining constant. The appropriateness of the

categorical exchusion , considering the reduced flow rates potential impact to stream

contaminant levels, should bemore thoroughly described.

4 .

L10-10
Section 14.p. 1.7 The second to last paragraph of this section (L -Lake Site Evaluation...)

states the basis for the EIS decision is various human health exposure scenarios. Exposure

to ecological receptors is a primary decision factor for the actions under consideration and

should be included in this discussion .

6 .

L10-11

Section 14.p .17 The last paragraph of this section (L -Lake Site Evaluation...)

summarizes the approach to considering human health exposure and risk under the two

decision making processes. Again, ecological risk is not mentioned. Additionally, as

mentioned in General Comment 2 above, coordinating the decisions under the two

programscould best facilitate effective use ofDOES resources. Such a coordinated

decision must include the CERCLA risk evaluation methodology for remedy selection.

7 .

L10-1

Section 14.2 1.7 See Specific Comment 3 above. Irrespective of the appropriateness of

the NEPA process for considering impacts to site streams for reducing base stream flow

by a total of 18,000 gpm , implementation of the reduced pumping scenario (i.c., 5,000

gpm ) should be evaluated under the terms of the FFA for consideration of remedial action

to offset such an effect. Currently, the FFA mechanism for such consideration would be

documented in the Remedial Investigation (RI) work plans for the Integrator Operable

Units forthe affected streams. However, timing of the development of these work plans

and the startup of the reduced base flow may necessitate an earlier consideration of

appropriate FFA action to offset reduced stream base flow . Alternatively, development

and submission ofthe appropriate Integrator Operable Unit RI work plans to document

the consideration of such early remedial actions could be expedited.

PK64-24
PC

Comment L10. Page 5 of 7 .
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Page Four of Five

Additionally, impact ofreduced flow fornon -point source discharges should be considered

under the State's NPDES Program . It appears that the second to last subsection

(Wastewater Discharges...) addresses this issue. A figurewould be helpful to show the

location ofthe permitted discharges. A table would be helpful which lists the streams, the

reduced flow per stream and the discharge points per stream

L10-13

9. Tables S - 1 and 3-3 Present worth cost ofthe alternatives would more fairly portray the

implications of life-cycle costs of the actions due to variations in long-term maintenance

costs (e.g., ShutdownDeactivatemay not require long-term maintenance of the L -Lake

dam ).

L10-14

10. Section 4.1.1.2 . p . 4-16 The fourth sentence begins “Elimination of riverwater from the

geologic system could stimulate an earthquake... " Is this correct? If so, please elaborate. |L10-15

11. Section 4.8. p . 4-186 This section refers the reader to Section 4.1 for details of

commitments of natural resources associated with the loss of L -Lake. Given that Section

4.1 is eighty- five pages of material, it may bemore appropriate to summarize the loss of

natural resources in Section 4.8.

L10-16

12.

L10-17

Section 5.4 . pp . 5-2. and 3 This section states that “NaturalResource Trustees are

responsible for evaluatingnaturalresource injuries and for assessing damages related to

such an injury." The EIS would benefit from a discussion ofwho the Trustees are and

what their input in the proposed action has been to date.

13.

L10-18

Appendix A. p . A -l The introduction states that “DOE anticipates that it will be several

years before decisions for L -Lake can bemade.” DOE, as the Lead Agency under

CERCLA , has the ability, and obligation under its new “ 10 Year Plan” , to pursue

acceleration of FFA activities. This section inappropriately describes the FFA schedules as

being inflexible and apparently incapable of acceleration. See General Comment 2.

14.
Appendix A. Section A2 Although there are inadequacies in the evaluation (e.g.,

ecological risk based RGOs, preliminary RAOswhich include 55 years of excavation at a

cost of 1.7 billion ), Appendix A and portions of the EIS are an excellent resource for

scoping a streamlined RIFS for L -Lake in a manner consistent with the "SAFER

Methodology."

L10-19

15 .
Appendix A. Section A.2.1 EPA agrees with the final two sentences ofthe opening

paragraph to this section. Additionally, EPA believes that scoping theRI/FS for L -Lake,

utilizing section A.2 as a starting point and following the “SAFER methodology 'may

support considerable streamlining of the RIFS for this site. This streamlining may negate

the need for developing significantly more detailed information beyond that which already

exists, as expressed in the opening sentence to this paragraph.

L10-20

PK64-24PC

Comment L10 . Page 6 of 7.
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Page Five of Five

16 . Appendix A. Section A 2.2 The lack ofan ecological risk assessment is a fundamental gap

in this analysis which would have to beaddressed in scoping a finalremedial action for L

Lake.

L10-21

17 .
L10-22Appendix A. Section A.3 Accelerating the RIFS for this site to be coordinated with the

EIS action should negate the need for additional "Mitigation Plan ” documentation

identified in this section .

1

PK64-25P
C
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Advance Delivery ofComments Included in

Letter L10

DOE received a letter from EPA by facsimile

transmission on December 13, 1996. DOE

addresses the comments in that letter,which

was from Jeffrey L. Crane to Brian Hennessy, in

the responses to EPA's formal comment

transmission in LetterL10 .

Appendix A of this EIS and by the fact that its

preferred action in this EIS preserves the option

of refilling the lake in the event that such action

is determined to be necessary under the FFA.

Further, if DOE selects a shutdown alternative,

DOE would implementmeasures to limit

potentialrisk from contaminated lake sediments

that are exposed as lake drawdown occurs.

These actionsmay include implementing

institutional and/ or administrative access

controls, monitoring exposures to workers and

visitors, implementingmeasures to control

erosion of exposed lake sediments by wind and

water, and surveying and monitoring of exposed

sediment to further characterize the area and to

ensure risk levels are at or below predicted

levels.

Response to Comment L10-01

DOE is committed to coordinating NEPA

actions being considered in this EIS with SRS

remediation activities planned and conducted in

accordance with CERCLA under the FFA , and

has initiated discussions with EPA and

SCDHEC to determine reasonablemeans of

expediting the FFA process to achieve

appropriate coordination.

DOE proposes that these and other potential

measures to coordinate the NEPA and EIS

processes be considered in the contextof

ongoing discussions being conducted under the

FFA , which provides the appropriate framework

for planning L -Lake remediation .

Response to CommentL10-02

As a firstmeasure to expedite the FFA process,

DOE has compared data on L -Lake

contamination used to support the NEPA

analyses presented in the EIS with criteria used

under the FFA for Site Evaluations to decide if

additional characterization and, if necessary ,

remediation, is needed (i.e., to determine ifthe

site should be included on the RCRA/CERCLA

Units List in Appendix C of the FFA). On the

basis of this comparison and discussions with

EPA and SCDHEC staff,DOE has proposed to

assess L -Lake under the FFA and bypass

preparation and review of a Site Evaluation

Report. DOE agrees with EPA that available

data are sufficient to expedite the FFA process

for scoping additional studies to characterize

and, if necessary , remediate L -Lake.

In response to this comment, DOE has provided

further evaluation of ecological risk in

Appendix B.

Response to Comment L10-03

DOE also intends to coordinate this NEPA

action with FFA activities by ensuring that data

obtained in the context of NEPA evaluations are

appropriately utilized in FFA activities. In

addition, DOE will continue to ensure that its

operational decisions regarding the River Water

System made on the basis of this EIS are

consistentwith potential remedial decisionsfor

L -Lake thatmay bemade under the FFA, as

demonstrated by the analysis presented in

DOE will continue to consider appropriate

remedial actions under the FFA in response to

increases in contaminantexposure that could

result if the DOE decision is implementation of

its preferred alternative. DOE is encouraged

that EPA feels that the documentation process

for L -Lake remedy selection can be expedited

due to the thorough analysis provided in the

EIS. DOE agrees that a formalSite Evaluation

prepared under the termsof Section X of the

FFA is unnecessary, and be further assessed

under the FFA. (See response to

Comment L10-01.)
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Response to CommentL10-04 Response to CommentL10-05

In response to this comment,DOE has revised

Section 3.3.1.1 to confirm its commitment to

remedy the unlikely drawdown of Par Pond in

the near term until finalCERCLA remedial

actions are implemented. It has also revised

Section 3.3.1 to clarify its intentin providing

the three restart examples.

Response to Comment L10-06

In response to this comment, DOE revised

Appendix A and the referenced statements in

Section 1.4 . DOE's experience indicates that

the level of complexity and timenecessary to

yield cleanup decisions under the FFA can vary

widely depending on the complexity of the site,

availability of appropriate cleanup methods,and

other factors. In the case of L -Lake, DOE

believes that thedecisionmaking process can be

expedited considerably with respect to some

actions. As noted in response to

CommentL10-01, DOE believes that existing

analyses are sufficient to allow for further

assessment of L -Lake under the FFA (i. e., no

Site Evaluation Report is needed) and to initiate

the process for scoping additional studies that

may be necessary under the FFA . Such actions

would be relatively uncomplicated and

expeditious.

As indicated in response to Comment L10-01,

DOE believes that documentation requirements

for L -Lake remediation can be streamlined by

initiating the scoping process under the FFA

without submittal of the Site Evaluation Report.

This EIS demonstrates thata timely operational

decision to implement its proposed action would

be cost-effective, protective ofhuman health

and the environment, and provide for orderly

consideration of relative risk and associated

funding priorities under the FFA. The proposed

action would also preserve the capability to

supply cooling water in support offuture site

missions, refill Par Pond, or to refill L -Lake

until final decisions are madewith respect to

these matters.

Response to Comment L10-07

However, DOE believes that a final cleanup

decision for L -Lake under the FFA would be

premature at this time. This belief was

established in view of the possible need for

additional characterization , risk determination

and prioritization , and appropriate funding, and

the fact that the impoundment is an important

site to be considered in addressing remedial

decisions for the Steel Creek IOU . There is a

probable need formore detailed characterization

of the lakebed sediments, which DOE could

most cost-effectively conduct as sediments are

exposed during drawdown (if DOE selects a

shutdown alternative). In addition , final

remedial decisions for the lake should be made

in consideration of remediation options for the

Steel Creek IOU , the determination ofwhich

willbe based on comprehensive review of data

available for component streams and

contributing sources in the watershed (including

submerged stream channel and floodplain areas

within L -Lake) and appropriate risk evaluations.

This process will take considerable time and

resources.

As indicated in response to Comments L10-01,

measures that DOE would apply to limit

potential risk from contaminated lake sediments

exposed as a result of lake drawdown may

include institutionaland/or administrative

access controls,monitoring exposures to

workers and visitors, erosion controls, and

surveying andmonitoring of exposed sediment

to further characterize the area and to ensure

risk levels are at or below predicted levels. In

accordance with its NEPA implementing

regulations at 10 CFR 1021.331, DOE would

detail these commitments in its Record of

Decision and, if necessary, would explain how

thesemeasures would be planned and

E -60



DOE/EIS -0268

largest increase in concentrations under this

alternative. The values presented in this table

represent very small increases in risk that would

not result in measurable adverse impacts to the

workers.

implemented in a Mitigation Action Plan . DOE

would coordinate with EPA and SCDHEC to

ensure such measures are consistent with

actions thatmay taken under the FFA
regarding

L -Lake and the extent to which such measures

could be implemented under the FFA in

consideration of such factors as scheduling.

However, DOE would take appropriate

measures to limit risk as part of NEPA actions

considered in this EIS and the NEPA Record of

Decision, irrespective of its obligations under

CERCLA and the FFA .

Response to Comment L10-08

The hypotheticalmaximally exposed offsite

individual and the drinking water population at

Beaufort,Jasper, and Port Wentworth withdraw

drinking water from the Savannah River.

Because contaminantdischarges would remain

constant and the flow in the Savannah River

downstream of the dischargesof Fourmile

Branch and Pen Branch would not change,

concentrations in the Savannah River would not

change and would remain well below drinking

water limits. Further, Section B.6 demonstrates

that ecological effects from contaminants are

unlikely under each alternative, including the

No-Action Alternative and its discharges of

5,000 gallons perminute to onsite streams.

In response to this comment,DOE prepared the

suggested table. See Table 1-1 in Section 1.1

Response to Comment L10-09

Response to CommentL10-10

In response to this comment,DOE revised

Section 1.1 to include a more thorough

description ofthe process and the

appropriateness of the categorical exclusion for

operation of the 5,000 gallon perminute pump.

DOE reviewed this categorical exclusion

considering the reduced flow rates and increased

concentrations in onset streamsand determined

that incremental adverse impacts would be very

small (Section 4.2.2 compares September 1996

concentrations to those that will occurwhen

operating the small pump and those that would

occur under shutdown ).

In response to this comment, DOE has revised

thereferenced paragraph to include the fact that

exposures to ecological receptors, as well as

human receptors, are evaluated for realistic

exposure conditions. Appendix B has been

revised to more thoroughly evaluate risk to

ecological receptors.

Response to CommentL10-11

Although the streams are not used as a source of

drinking, exposures to involved workers are

assumed to occur due to incidental ingestion of

sediments and through dermal absorption . It

should be noted that the increase in contaminant

concentrations in the streamswould not result in

incremental adverse impacts to uninvolved

workers or offsite populations.

DOE acknowledges that ecological risk is an

important componentofdecisionmaking on the

River Water System and has provided detailed

evaluations in Sections 4.1.5 , 4.2.5 , and 4.3.5.

These evaluations are supported , in part, by the

revised and expanded discussions in

Appendix B.

As the responses to Comments L10-01 and

L10-04 indicate, DOE will coordinate the

decisionmaki
ng processes ofNEPA and

CERCLA to the fullest extent practical.

The first table in Section 4.2.8.2 has been

revised to indicate the incremental risk for the

involved worker resulting from small pump

operation under the No-Action Alternative.

presents the tritium concentrations

that relate to the stream (Pen Branch ) with the

Table 4-26
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Response to CommentL10-12 Response to CommentL10-15

Elimination of river water from the geologic

system could not stimulate an earthquake. This

statementhas been corrected in Section 4.1.1.2

of the document.

Response to CommentL10-16

As indicated in theResponse to Comment

L10-09,DOE does not expect adverse impacts

from this operational decision. It will rely on

the prioritization and scheduling processes of

the FFA to determine the need for expediting

Integrator Operable Unit RIwork plans. DOE

believes that if it is necessary to reduce

contaminant concentrations, the preferable

method would be to reduce the discharge of

contaminants by a customary method such as

closing and capping the source rather than to

augment the flow in the affected onsite streams.

Section 4.8 has been revised to include a table

summarizing the irreversibly and irretrievably

committed natural resources.

Response to Comment L10-17

Response to Comment L10-13

process. DOE

DOE agrees that the suggested figure and table

permit a quicker understandingof the SRS

wastewater discharge paths and will include

them in the Final EIS . Non-point source (e.g.,

ground water contaminantplume seepline)

discharges are not regulated under South

Carolina's NPDES program . Nonetheless, the

impactofreduced stream flow on such

discharges is being evaluated by DOE and the

results will be discussed in the Final EIS .

A goal ofNEPA is to provide the public, state,

and Federal agencies and other interested parties

an opportunity to present their views and

comments on a proposed Federal action and its

alternatives through the public scoping process

and the document review

acknowledges the NaturalResources Trustees as

one ofmany stakeholders with an interest in the

Proposed Action and its impacts. In their role

as primary Federal Trustee, DOE notified the

SRS Natural Resource Trustees of the proposal

concerning the shutdown of the River Water

System in March 1996 and presented the

Trustees with additional information atthe

June 11, 1996 ,meeting where comments were

solicited . The roles and responsibilities of the

NaturalResource Trustees in the evaluation of

natural resource injuries and the assessmentof

damages related to such an injury are authorized

in Section 107( f) ofthe Comprehensive

Environmental Response, Compensation ,and

Liability Act of 1980 (CERCLA). DOE

conducts these activities under the authority of

and in compliance with the requirements of

43 CFR 11.

Response to CommentL10-14

DOE considered expressing the presentworth of

costs of the layup and restart expenditures in

these tables. However , it decided that such

presentation would be confusing due to the

unknown need to restart and the period of layup .

Further, in the absence ofdetailed project plans

for layup and restart options, such “ fine tuning”

is not justified . If DOE decides to shutdown

and maintain the River Water System , itwould

prepare detailed project plans to further assist in

identifying the preferred layup option .

Section 3.2 confirmsthat under the shutdown

and deactivate alternative, maintenance of

L -Lake dam would be discontinued after the

lake is entirely drained .

Because the role and responsibilities of the

NaturalResource Trustees vested in CERCLA ,

DOE expanded the section of primary interest to

the Natural Resource Trustees (Section 4.8,

Irreversible or Irretrievable Commitment of
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Response to Comment L10-21
Resources). DOE believes thatadditional

discussion within the text of the EIS is not

warranted.
See response to comment L10-02.

Response to CommentL10-18 Response to CommentL10-22

DOE doesnot intend to imply thatFFA

schedules are inflexible and incapable of

acceleration , and has revised the introduction to

clarify its intent to explore reasonable means to

streamline the remedial decision process with

respect to L -Lake. DOE remains committed to

pursue acceleration of FFA activities under its

10-Year Plan . (See response to Comments L10

01 and -04.)

As noted in response to CommentL10-01, DOE

would implementmeasures to limit potential

risk from contaminated lake sediments that are

exposed if its operationaldecision results in lake

drawdown. These actionsmay include

implementing institutional and/or administrative

access controls,monitoring exposures to

workers and visitors, implementingmeasures to

control erosion of exposed lake sediments by

wind andwater, and surveying and monitoring

ofexposed sediment to further characterize the

area and to ensure risk levels are at or below

predicted levels. In accordance with its NEPA

implementing regulations at 10 CFR 1021.331,

DOE would detail these commitments in its

Record of Decision and, if necessary ,would

explain how these measures would be planned

and implemented in a Mitigation Action Plan .

Response to CommentL10-19

DOE agrees that information presented in the

EIS will assist in streamlining the RI/FS process

for L -Lake consistentwith EPA's Streamlined

Approach for Environmental Restoration

(SAFER )methodology. (See responses to

Comments L10-01 and -04 .)

Response to Comment L10-20

DOE agrees that information presented in the

EIS will assist in streamlining the RI/FS process

for L -Lake consistent with SAFER methodology

and that the SAFER methodology will be useful

in determining additionaldata needs, if any.

(See responses to Comments L10-01 and -04.)
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01/02/97 THU 09:58 FAX 803 12s 7888
ESEQ

2002

2002
12/31/98 TUE 13:59 FAX 803 725 3309 SREL

MEMO

TO :Drew Grainger

FROM :Gary R.Wein , Savannah River Ecology Laboratory Docember 31, 1996

Listed below are some general comments on the Draft Environmental Impact Statement: Shutdown of

the River Water System as the Savannah River Site. Hopefully those comments and suggestionsare

helpful and self-explanatory. If notplease do not hesitate to contact me for further information or detail

(5-8228 )

cc: Janecek
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003

003ESHQ

SRI.
01/02/97 T 09:53 FAX 803 725 7888

12/31/86 TUR 16:59 FAX 803 725 3300

Comments

ParagraphPage Section
-11-01

S.S
3

S - 3

The site description makes no note that upland pino communities

are predominantly pino silviculture.

3-4

L11-02
bullet 23.2.1

Portions of L -Lake that are non- floodplain areas are not

mentioned . How will these areas, that make up most ofwhat

would bc the former lake bed be bandled to avoid soil erosion or

restored ?

2
4-2 4.1 L11-03

While the construction of artificial scefs ismentioned, other

activities that were conducted to promote a Balanced

Community such as the planting of vegetation , fish

are not mentioned. Nor is the latter addition of the

canal.

Biological

stocking, etc.

discharge

L11-04

4-12 figure 4-6,7,8,9

There are GIS layers available that would make the production of

these figures easier and also allow the construction of one or two

figures rather than the 4 .

4-20 4.1.1.2

L11-05

The section on Plant Nutrients is mistitled and should be changed

to NutrientLoading. There is no discussion of plant nutrients in

this section but thosebased on sampling water chemistry . Also

there is no discussion ofimpacts of heated effluent on water

chemistry . Oneof the major impacts on outrient availability in L

Lakewas not the augmented flows with reactor operations butthe

heating of Savannah River water by thereactor releasing nutrients.

This is the reason we cook food, to makenutrientsmoreavailable

to our digestive systems. This is an analogous situation.

L11-0

4-21 4.1.2.1

Chuck Jagoe of SREL may have mercury data in fish that

contradict the findings of Paller (1996 ) and suggest that mercury

levels in fish of L -Lake may be higher than those found in Par

Pond .

LIH

4.38 4.1.5.1

Nomention is made of affected plant communities. The presence

of animals is more determined by the structure provided by the

plant communities then the more presence ofwater .

Lil

440 4,1,5.1.1 3
Birds have been consused by researchers associated with SREL

since 1988 or 1989 on a quarterly basis. Contact Dr. L Lehr

Brisdin. Laura Janecek , or Bobby Kennamer for additional details. 1
1
4

4-41 4.1.5.1.2

Plankton . The most definitive and complete survey of plankton in

L -Lake is not mentioned or referenced in this section See Taylor

PK64-
27PC

CommentL11. Page 3 of 5 .
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01/02/87 THU 08:33 FA 803 728 7888 ESHQ 2003

2004
12/31/86 TUE 16:00 FAX 803 723 3308 SREL

Page Section Paragraph
Comments

et al.1993 as listed on page 4-199.

-

4-48 4.1.5.1.3 2 Soe Collins andWein . 1995. Wetlands 15 :374-385 for a 1992

survey of extantand seedbank wetland vegetation from 43 sites in

L -Lake.

L11-10

4.50 4.1.5.2.1

1

What is source ofinformation that causes the authors to predict an

expected reservoir decline in productivity?

L11-11

4-50 4.1.5.2.2

1

L11-12

Many of the seriaquatic and terrestrial anisaals depend upon L

Lake formore than food and drink. This a bit simplistic and

anthropomorphic. They do need L -Lake as a source of food

rosources, habitat for breeding, etc.

4-50 4.1.5.2.2 2

L11-13

Fallure to maintain water levels in L -Lake is a major disturbance to

the cxisting ecosystem , no matter how you cut it. What is the loss

of habitat in acres per year if you follow the shutdown and

deactivate scenario .

4-53 4.1.5.2.2

L11-14

Wetlands Ecology . I find this section a bit confusing. There is an

initial attemptto suggest that water loss in L •Lake willmimic

natural yearly flucuations in bottomland hardwoods or Carolina

bays. Neither ofthese systemsare anything like a lake or

seservoir. The loss ofwater is permaneat and gradually decreasing

not a yearly event. Tho rest of the section can best be summarized

as " succession will occur." A discussion of muccossion should

include potential plantpropagule sources (seedbank, wind

dispersed, suviving plants) and patterns of colonization expected

as the water level drops. I would recommend that this section be

rewritten and its objective be stated in an initial introductory

paragraph.

4-53 4.1.5.2.2 8

L11-15

The list of 7 specics listod as colonizer ofLost Lake only includes

3 wetland spocies and all butthe buttonbush are indicative of

highly disturbed undesirable habitats. I am not sure whatthe point

of this paragraph is,butitdoes not assure methat a productive

community will replace the current one.

4-107 4.2.5.1.1 3
L11-16

Steel Crock. Some recentwork by Joel Snodgrass and Gary Meffe

of SREL has recently summarized and evaluated long terms trends

in Steel Creck fish using John Aho's data. This recent work may

paint a different picture than the one that is presented .

PK64-27PC

Comment L11. Page 4 of5 .
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01/02/97 T : U 09:38 FAư 803 725 7888 ESHQ 1004

2005SRIL
12/31/96 TUE 16:00 FAX 803 725 3309

Page Section Paragraph Comments

4-113 4.2.5.2.1 2 Steel Creek Please note that Steel Creek was highly disturbed

L11-1
beforç L -Lake was constructod and that a return to conditions

before its construction dousnot micro a return to the aquatic

community before L -Lako is desirable.

4-115 4.2.5.2.1 3 Cuarcus alba, Q. Veltina, and Carya tomentosa are not the

specics I would have selected as future invaders of this area. More

than likely itwill be wilow , loblolly pine, and sweetgum . If the

site is at allwet you might expect cypross, willow . cottonwood , os

tupelo . The noted species are much more commonly found on OUT

bluff forests in thin strands along our stream drainages in locations

that are almost never dooded . Iwould delete this sentence.

Lil-18

4_139 4.3.5.1.3 Wetland Ecology . Par is not a pabu swamp but a lacustrine

emergentmarsh with persistant and nonpersistant herbaceous

vegetation. The reference that calls Par Pond a palustrine swamp

should be checked for accuracy.

L11-19

L11-20
General Comment

How does the losts ofhabitat at L -Lake affect the overall abundance ofthis habitat type in the

southeastem US? Is this a rare habitat type or is it abundant and common ?

PK64-28
PC

CommentL11. Page 5 of 5 .
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Response to CommentL11-01

The description ofSRS natural communities in

theDEIS has been expanded in the FEIS to

include a discussion of upland pine

communities that are managed for timber

production and the enhancement ofwildlife

habitat.

trophic condition in which a body of water is

rich in nutrients and high in plant productivity ).

This section of the FEIS has been renamed

" Nutrient Loading ” for the sakeof clarity and to

prevent any possible confusion .

Response to Comment L11-06

Response to Comment L11-02

The FEIS makes clear that portionsofwhat is

now L -Lake formerly supported mixed upland

forests ofloblolly pine, longleaf pine, and

severalhardwood species. Asthe lake level

recedes, these native pine and hardwood species

would be allowed to recolonize upland areas. It

may also be necessary to hand-plant someof

these species to accelerate the process of

revegetation .

A number of studieshave been conducted to

determinemercury levels in the fish of Par Pond

and L -Lake. Most of these studies, particularly

in recent years, have determined thatmercury

levels are higher in Par Pond fish than L -Lake

fish . A 1996 SREL study of potentialwood

stork prey (small sunfish and bass) also showed

that levels ofmercury were higher in Par Pond

fish than L -Lake fish .

Response to Comment L11-07

Response to CommentL11-03

The aquatic plant communities of L -Lake were

described in considerable detail in the DEIS. A

brief section describing the terrestrial plant

communities surrounding L -Lake has been

added to the FEIS .

Response to Comment L11-08

The FEIS notes (in Section 4.1.5.1.2 ) that

40,000 bluegill and 4,000 largemouth basswere

stocked in L -Lake in 1985 and 1986 to speed the

developmentof a Balanced Biological

Community. The FEIS also describes (in

Section 4.1.5.1.3) the planting of wetland

vegetation in L -Lake, also part of the effort to

establish a Balanced Biological Community .

The FEIS contains an expanded and updated

discussion of waterfowlusage of L -Lake and

Par Pond.

Response to CommentL11-04

Response to Comment L11-09

The soil scientists who prepared these figures

used readily -available aerialphotographs and

soils surveys, rather than relying on other SRS

organizations for the production of GIS layers.

The Final EIS contains a thorough discussion of

the developmentofthe zooplankton community

in L -Lake over the 1986-1992 period. The

journal articlementioned by the comments

( Taylor et al. 1993) focuses on the effects of

heated reactor effluent over a short period

(1986-1989).

Response to CommentL11-05

Response to CommentL11-10
The entire discussion in this section is on plant

nutrients; the plant nutrients in question are the

aquaticmacrophytes and phytoplankton of the

reservoir. This is implied by the discussions of

primary productivity (which Odum defines as

" energy stored by photosynthetic and

chemosynthetic activity ofproducer organisms

(chiefly green plants)" )and eutrophication (a

Collins and Wein (1995 ) is now the basis for

some of the discussion in Section 4.1.5.2.2 , as it

suggests species thatwill recolonize the lakebed

as the reservoir recedes.
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Respon
se

to Comme
nt

L11-11

differenc
es

in interpreta
tion

ofthe same fish

populatio
n

studies would not affect in a

meaningf
ul
way the predictio

ns
of impacts

associate
d
with the Proposed Action .The FEIS presents sources for this assertio

n
.

Respon
se

to Comme
nt

L11-12 Respon
se

to Comme
nt

L11-17

This statement in the DEIS is simplistic and

somewha
t
misleadin

g
. The FEIS is less

simplistic, explainin
g
that L -Lake provides

many amphibia
ns

,reptiles, and semi-aquatic

mammals with criticalhabitat needs (e.g.,

breeding and nesting habitat) aswell as food

and water.

Respons
e

to Comme
nt

L11-13

The DEIS makes clear that Steel Creek is a

highly disturbed system , noting that it began

receiving thermal effluent from P- and

R -Reactors in 1954. Clearly , a return to

condition
s
that existed prior to the creation of

the Savannah River Plant (or even prior to

agricultu
ral

developm
ent

in the watershed )

would be preferabl
e

to somesemi-disturbed or

altered state. The FEIS is even more explicit,

explainin
g

that pre- 1984 condition
s
are not the

desired endpoint, but rather a condition in which

historica
l
stream flows are restored and the

kinds of plantand animal communit
ies

that

existed under historical (pre -SRS) stream flows

and condition
s

(before cooling water and

contamin
ants

were introduce
d
) are restored.

The FEIS discusses the two “ end points”

(reservoir ecosystem and stream ecosystem ), but

does not attempt to quantify the amount of fish

and wildlife habitat thatwould be present in the

interim stages. This is intentional, because it

would be difficult to predict the rate of reservoir

withdrawalwith sufficient accuracy - the rate of

changewould be largely dependenton seasonal

and annual cycles of rainfall. Clearly, these

cycles would be impossible to predict.

Respons
e

to Comme
nt

L11-18

Response to Comment L11-14

The DEIS has been revised and the offendin
g

sentence remove
d. The FEIS makes clear that

species such as alder, willow , and cottonwo
od

will likely colonize wetter areas and species

such as sweetgu
m , red maple, and loblolly pine

will likely colonize drier areas.

The “Wetlands Ecology” section of the DEIS

hasbeen reorganized and heavily revised, based

on this and other comments. Asnoted

previously, Collins and Wein (1995) is now the

basis for some of the discussion in

Section 4.1.5.2.2 of the FEIS, as it suggests

plant species thatwould recolonize the lakebed

as the reservoir recedes.

Respons
e

to Comme
nt

L11-19

Section 4.3.5.1.
3

of the FEIS has been revised

accordi
ngly

.

Respons
e

to Commen
t
L11-20

Response to Commen
t L11-15

See the response to Comment 11-14 .

Response to Comment L11-16

The FEIS attempts to place the reservoi
r
and its

plant and animal communi
ties

in more ofa

regional context, as the comment
or

recomm
ends

. For example, its regional

importa
nce

as a winteri
ng

area for waterfow
l

(diving ducks in particul
ar

) is stressed .

The FEIS describes the results of a number of

fish studies in the Steel Creek drainage

conducted over a number ofyears. Subtle

E - 70



DOE/EIS -0268

January 3, 1997

807 E. Rollingwood Rd.

Aiken, SC 29801

FAX 725-7688Mr. Andrew R.Granger

Engineering & Analysis Division

SR NEPA Compliance Officer

U.S. Department of Energy

Savannah River Operations Office

P. O.Box 5031; Code DRW

Aiken, SC 29804-5031

Attn : RWEIS

Re: Comments on November 1996 DEIS , " Shutdown of the River Water

System at the Savannah River Site."

Thank you for the opportunity to commenton the Draft EIS ,"Shutdown of the River Water

System at the Savannah River Site." Mycomments are later than the established comment

period but Ihope you will find them useful andbe able to respond to them in your

preparation of the final EIS .

I would like to provide four generalcomments andmy recommendation on how I see the

EIS decision . They are in the section on General Comments. In addition I am providing

several specific comments.

General Comments:

L12-01

The proposed action described in the public meeting on December 4 and in the draft

EIS seem to be inconsistent. In the publicmeeting, the proposed action was stated to

be shurdown the water system and maintain it so it could be restarted in a relatively

short time. In the draft ÉIS , the description of theproposed action is much less

definitive. The EIS should be more specific on the consideration on the proposed

action. As I understand the draft EIS, I support the shutdown portion but not the

maintaining some part for the capability to pump to Par Pond, refill L -Lake, or to

support some unspecified future mission. Based upon the information given in the

DÉIS, the risk ofneeding water for Par Pond or L - Lake is quite low and acceptable.

Equipment replacement cost and time to restart the system is minimaland would be

available from whatevernew mission comes to SRS in the future and requires the

water. The increased annual savings from shutdown justify this risk . ·

The question of river water rights came up at the public meeting butno answers were

available at themeeting. The EIS should include information on problems (political,

permitting, etc.) thatmay be encountered in restarting river water withdrawal if it is

stopped as part of this EIS's decision. Are there anywater rights issues?

.

L12-02

L12-03L12-03
Increased groundwater use should bemore clearly defined in the EIS if it is required

to replace river water. The EIS contains statements about increased ground water

usage in various places in the EIS and draws the conclusion that the 200 gal/min

1
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groundwater in K and L -Areas will not result in the aquifer condition changing (p. 4

31). Dispersed throughout the report, comments are made aboutincreased ground

water usage. No where could I find this subject integrated so a reasonable conclusion

could be reached on the impact of the increased ground water usage caused by

decreased river water usage. Examples of some of these ground water usage are:

compressor cooling water requirements (p . 1-8 ), fire protection requirements for L &

K -Arcas (p. 1-4), sanitary waste water treatment usage , etc.

Some of the terms and schedules identified in the DEIS are inconsistent with similar

actions in other DOE reports. For example on page 1-8 the statement is made that

DOE intends to deactivate P -Area by early 1991. The DOB draft 10- Year Plan

identifies R , P , and C -Areas transition to Long Term Monitoring in 2001, 2002, and

2003 respectively. The termsand schedules used are different

.

L12-04

Specific Comments:

The lead-in statementon page S -4 calling out Table S - 2 does not describe the intent of

the table .

L12-05

.
L12-06

L12-07

Tables S - 2 and 3-4 and other ecological sections use unfamiliar words such as

" eqilimnion," "hypolimnion ," etc. that are not included in the glossary .

The paragraph on page 1-7 on CERCLA radiological analyses differences from those

in theDEIS needs to be expanded to say why these two approaches are different and

what is the relationship between them . Why is the issue raised ?

Tables S - 2 and 3-4 entries should be reviewed to ensure wording provides an

understanding of the relative consequences of the no action and the shutdown

alternatives .

L12-08

L12-06
I presumethe " affect" referenced under esthetics on Tables S- 2 and 3-4 is intended to

say " viewed by" .

Thanks again for the opportunity to review this draft EIS Ihope these comments will help

DOEmake the appropriate decision .

Sincerely

" Con

W.Lee Poe, Jr.

2
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Response to Comment L12-01
potentially a restart of the River Water System .

Any use of river water for othermissions ( e.g.

APT) would be addressed in an EIS addressing

that project.

Response to Comment L12-03

DOE did not intend to convey a different

understanding of the proposed action at the

publicmeeting. The proposed action must

provide flexibility in choosing layup options.

Under the proposed action DOE presents in

Section 3.3.2 a wide variety of layup options

that
vary in the time to restart ( from 1 to 30

months), the layup scheme (e.g., maintain in a

dry pipe condition ), and cost.

DOE revised Sections 1.4 , 4.1.3.2 and 4.8 to

clarify potential increased groundwater usage.

Response to Comment L12-04

DOE has revised Section 3.3.1.1 to confirm its

commitment to remedy the unlikely drawdown

of Par Pond in the near term until final

CERCLA remedial actions are implemented.

The quoted dates for long-term monitoring from

the DOE Draft 10 -Year Plan are correct

(DOE 1996 ). However, the P -Area sanitary

wastewater plantwas disconnected in

November 1996. Because it is a package unit, it

is being maintained for potential use at another

location.

DOE has also revised Section 3.3.1 to clarify its

intent in providing the three restart examples.

Basically, DOE doesnotwish to imply that it

expects to actually need to restartthe system for

the situations presented but has selected them to

cover a range of actions that maintenance in

standby would support (i.e., pump to L -Lake,

Par Pond, or a new facility).

DOE has revised Section 1.4 to identify this

shutdown action in 1997 rather than

deactivation of P -Area by early 1997.

Response to CommentL12-05

DOE has revised the lead - in statement to Tables

S - 2 and 3-6 to describe the intent of the table.

Response to Comment L12-06

The example thatwas presented for a new

mission was Accelerator Production of Tritium

(APT). Other potentialmissions thatmight

require enough cooling water to make the use of

the River Water System a viable option include

Tritium Extraction Facility, International

Thermonuclear Experimental Reactor, and

Mixed Oxide FuelManufacturing Plant.

DOE has expanded the glossary to include

epilimnion and other unfamiliar words that had

not been previously included.

Response to CommentL12-07

Response to CommentL12-02

There are no current river water rights issues

(e.g., permitting) associated with restarting the

River Water System which would likely cause a

problem at restart. A permit is not required to

withdraw water from the river. [See response to

L15-2 for detail on regulatory issues which may

need to be addressed, including a possible

Section 316 (b ) study]. Likewise, there are no

"water rights” regulations governing SRS's use

of Savannah River water. It is not anticipated

that downstream users of Savannah River water

would be affected by the shutdown or

As stated in the EIS , CERCLA radiological

analyses report impacts in terms of cancer

morbidity (incidence) while impacts under

NEPA are reported as latent cancer fatalities.

Cancermorbidity is calculated by applying the

EPA ingestion , inhalation, or external exposure

slope factor to the lifetime committed effective

dose equivalent. The fatal cancer risk is

calculated by multiplying the lifetime

committed effective dose equivalent by an ICRP

fatalcancer lifetime risk , health -effects

conversion factor. The two risks are not directly
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Response to Comment L12-08related; however, the fatal cancer risk can be

approximated bymultiplying the cancer

morbidity risk by the ratio of the fatal cancer

lifetime risk health -effects conversion factor to

the total cancer lifetime risk health -effects

conversion factor.

DOE reviewed Tables S - 2 and 3-6 and

determined that the wording, as supported by

the introductory bullets, provides an

understanding of the relative consequences of

the no action and the shutdown alternatives.

Response to CommentL12-09

The differences between the two types of

radiological analyses are discussed so that the

reader understands that the risks reported in the

Occupational and Public Health sections of this

EIS are different than those risks reported in

Appendix A or other documents related to on

going CERCLA activities for L -Lake.

The aesthetics sections of Tables S -2 and 3-6

havebeen revised to state that the action “ could

be viewed by 1,800 SRS workers who pass by

daily .”
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South Carolina
Commleslonor. Douglas E Bryant

DHEC

Board : John H.Burri99, Chairman

William M.Hull, Jr.,MD, Vice Chairman

Roger Leaks, Jr., Secretary

Richard E. Jabbour,DDS

Cyndi C.Mostellor

Brian K. Smith

Rodney L.Grandy
Department ofHeahh and Environmental Control

2600 Bull Street, Columbia, SC 29201-1708 Promoting Hooith , Protecting the Environmont

January 3 , 1997

Department of Energy

Savannah River Operations Office

Attn : Mr. Andrew R. Grainger , SR NEPA Compliance Officer

P.O , Box A

Aiken , SC 29802

Shutdown of the River Water System at the Savannah River Site ; Draft EIS

Environmental Review

Dear Mr. Grainger :

We have reviewed the above referenced EIS received November 13 ,

1996 . The South Carolina Department of Health and Environmental Control

Bureau of Water Pollution Control administers applicable regulations

pertaining to water quality standards and classifications, including

wetland protection , in accordance with the South Carolina Pollution

Control Act , the South Carolina Constitution , the Federal Clean Water

Act, and associated regulations for these statutes . We are providing the

following comments addressing impacts the proposed action will have to

water quality, aquatic ecology and wetlands ecology in L -Lake , Par Pond ,

Steel Creek , Lower Three Runs Creek and other stream systems on the

Savannah River Site .

Burface Wator

L13-01

Water quality in Par Pond would revert to that typically found in

reservoirs due to reduction of nutrients from the Savannah River, however

DOE could resume pumping to Par Pond if conditions warranted . The

Department is of the opinion that existing water quality would be

maintained or improved.

L13-02

L - Lake would gradually recede and revert to stream conditions with

potential for
lake bed erosion and

turbidity increases . The

implementation of best management practices may be appropriate if satural

vegetation is not quickly established and erosion becomes a problem .

These practices may include use of mulches , hay bales , silt fences , or

other devices capable of preventing erosion and migration of sediments .

In addition , exposed lake bed subject to erosion should be stabilized

with vegetative cover which may include sprigging , trees , shrubs , vines

or ground cover . During lake drawdown , a reduction in nutrients will

reduce productivity , with the result that the reservoir may shift to a

less eutrophic or even mesotrophic condition until drained . A reduction

in dissolved oxygen , temperature and increased acidity in the epilimnion

and hypolimnion of the lake is also anticipated , however these conditions

will be temporary (lasting until the lake is drained ) and should not

contravene water quality standards nor change existing uses of L -Lake.

Existing NPDES permits for discharges into L and K areas must be

reviewed by the Department and will be subject to NPDES regulations . The

EIS reports that an alternate compliance method (septic tanks ) will be

L13-03

L13-04

recycled paper
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CommentL13. Page 1 of 3 .

E -75



DOE/EIS -0268

Page 2
Mr. Andrew R. Graing

er

Januar
y

3 , 1997required for the existing L - Area Sanitary Wastewat
er Treatment plant .

Septic tank installat
ion

must be permitted by the Departmen
t

Lower

Savannah Health District .

L13-05

Steel Creek may be impacted by siltation below the L - Lake dam as

potential
ly

contamina
ted

sediments are scoured from the lake bed and

transport
ed

downstrea
m after the lake is drained . It is anticipat

ed
that

transport
ed

material will be detained in a small impounded area until

filled with sediment , after which point the material could move

downstrea
m into Steel Creek during storm events . Although contamina

nts

(e.g. cesium -137) are also present in Steel Creek sediments downstrea
m

of the L-Lake dam , the Departmen
t

is concerned about the transport of

additiona
l

contamina
ted

sediments in the lake . Sediment material

collected in the impounded area adjacent to the L -Lake dam should be

periodica
lly

tested , removed and disposed of in accordanc
e

with the

Departmen
t

Bureau of Solid and Hazardou
s Waste requireme

nts
to avoid

downstrea
m

migration .

Aquatic BcologyThe proposed draining of L - Lake would not require any state or

Federal permits; however , SRS is responsibl
e

for insuring that water

quality standards are not violated by this change . Certain precaution
s

such as draining during cooler weather and releasing water from the
surface of the lake will minimize adverse effects downstream . The

proposed draining of L - Lake will replace a 1000 - acre reservoir ecosystem

with a small stream ecosystem . The SRS has put considerab
le

effort into

demonstrat
ing

a balanced biological community in the lake by constructi
ng

artificial fish habitats , planting littoral vegetation and implementin
g

an intensive monitoring program . Thus, an aquatic life use of the lake

has been establishe
d

. Although this reservoir community habitat is

significant , it does not represent the natural stream community and

aquatic life uses of Steel Creek prior to constructi
on

of the Lake .

Therefore, the Department supports stream restoratio
n

.

L13-06

WetlandsThe draining of L - Lake will result in the eventual loss of

approximate
ly

122 acres of littoral community consisting of submerged ,

emergent , and floating -leaved aquatic plant species . However , the slow

rate at which the lake is expected to recede should allow this community

to migrate in shoreline areas and revert , through succession , to a stream

wetland community . Re -establishm
ent of the stream reach should result

in the eventual regenerati
on of much of the approximat

ely 225 acres of

bottomland hardwood forested wetlands that were lost when L - Lake was

constructed . The Department supports the reestablis
hment of the natural

(pre - impoundmen
t) wetland system associated with steel Creek . Stream

wetland restoration may require regrading to pre - impoundmen
t contours and

planting appropriat
e species in adequate densities

assure

reestab
lishmen

t
of a stream associa

ted
wetlan

d communi
ty

.

The EIS reports that the proposed action should not resul : in other

impacts to streams or lakes on the SRS . In addition , the Department is

of the opinion that the proposed action will not change the existing

to

PK64
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Page 3

Mr. Andrew R. Grainger

January 3 , 1997

onstatus of navigation in waters

opportunity to comment on this EIS .

734-5302 if you have any questions.

the Site . We appreciate the

Please call Mark Giffin at (803 )

Sincerely ,

Sell C.Kuwler

Sally Knowles , Director

Division of Water Quality

SCK : MAG
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Response to Comment L13-01 Pollutant Discharge Elimination System

regulations.

DOE agrees that changes in Par Pond water

quality would be expected following a

prolonged reduction ofnutrient input, including

that pumped from the Savannah River, and has

documented this conclusion in the CERCLA

Interim Action Proposed Plan and the

environmental assessmentthatwas prepared in

response to public comments on the Interim

Action Proposed Plan (DOE 1995 ).

DOE would obtain any permits required for

implementation of the selected alternative

(e.g., permit for septic tank installation to treat

the L -Area sanitary wastewater. Section 5.7.2.2

wasmodified to clarify this point.

Response to CommentL13-05

If theNo-Action Alternative or the Proposed

Action is selected, DOE could resumepumping

if conditions warranted . DOE could continue

pumping if it selects the No-Action Alternative

or resumepumping if it selects the Proposed

Action . Your comment that SCDHEC is of the

opinion that existing water quality would be

maintained or improved is noted.

DOE will take appropriatemeasures to mitigate

the passage of any impounded sediment

downstream of the dam . Any sediment removed

from the area will be managed in accordance

with applicable regulations.

Response to Comment L13-06

Response to CommentL13-02

Under CERCLA, DOE will investigate restoring

the stream ecosystem and associated floodplain

forest that existed prior to the creation of L

Lake. Although a final restoration plan has not

been prepared , DOE is currently drafting a plan

for restoration ofthe upper portion of Steel

Creek and its floodplain forest in consultation

with ecologists and foresters at the Savannah

River Forest Station and WSRC-SRTC .

DOE intends to implementbestmanagement

practices. The FEIS discusses a number of

possible mitigative actions (Section 4.1.5.2.2

including: ( 1) lowering reservoir levels slowly

to minimize erosion and encourage the

establishmentofwetland plants around lake

margins, (2 ) planting grasses on exposed slopes

to stabilize bare areas and prevent erosion ,

(3 ) planting loblolly and longleaf pine in upland

areas once they have stabilized , and (4 ) planting

hardwood in areas where survivalis likely .

If DOE selects the Proposed Action, the Record

ofDecision for the EIS will contain a

commitmentto prepare a Mitigation Action

Plan as well as amore detailed implementation

plan that provides a practical, step -by-step guide

to monitoring,mitigation, and restoration of

plant communitiesofthe riparian corridor and

floodplain during the drawdown of L -Lake.

Response to CommentL13-03

DOE agrees with the SCDHEC comment. To

aid restoration , DOE would allow L -Lake to

drain slowly and naturally over what is expected

to be about a 10-year period .

Response to Comment L13-07

Response to Comment L13-04

DOE agrees that existing National Pollutant

Discharge Elimination System permits for

discharges into L - Area must be reviewed by

SCDHEC for compliance with National

See response to CommentL13-06 .

Additionally , itmay
be necessary to do some

minor re -contouring of the basin (i.e.,

earthmoving) to ensure that stream flows are

unimpeded by silt and sand that may have

accumulated in certain areas and to encourage

the stream to follow its historic, meandering

channel (to the extent practicable). DOE will, in
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consultation with the ecologists and foresters of

the Savannah River Forest Station and

WSRC-SRTC, develop a reforestation plan that

involves planting and/or transplanting trees and

shrubs that are likely to survive and propagate

in the Steel Creek floodplain .
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--

State of South Caroli
na

Office of the Governor

Orrcs a E OUTME

PacyNo Proom

DAVIO M.BALTY

COMEAND

January 7 , 1997

Mr. Andrew R Grainger

SR NEPA Compliance Officer

Savannah River Operations Office

Post Office Box 5031

Aiken , South Carolina 29804-5031

Project Name: Draft Environment
al

Impact Statement Shutdown of the River Water

System at the Savannah River Site DOE / EIS-0268D (Aiken , South Carolina)

Project Number : EIS- 961120-020

Dear Mr. Grainger ,

The Grant Services Unit, Office of the Governor, has conducted an intergovern
mental

review on the above referenced activity as provided by Presidential Executive Order

12372. All comments received as a result of the review are enclosed for your use.

The State Application Identifier number indicated above should be used in any future

corresponde
nce

with this office. If you have any questions callmeat (803) 734-0485 .

Sincerely ,

Pihust

Rodney P.Grezie

Grants Services Superviso
r

Enclosures

PK64
-33P

C

CommentL14. Page 1 of 10 .
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THE
OF

CAROLE

Uffice of the Governor Grant Services

South Carolina Project Notification and Review

1205 Pendleton Street

Room 329 State Application Identifier

Columbia, SC 29201
EIS - 961120-020

Date

12/20/96

Orth

RECEIVED Suspense Date

NOV 1 5 1996
Jeannie R.Kelly

S.C.Coastal Council
DHEC -OCRM

CHARLESTON OFFICE

TheGrant Services Unit, Office of the Governor is authorized to operate the South

Carolina Project Notification and Review System (SCPNRS). Through the system

the appropriate state and local officials are given the opportunity to review ,

comment, and be involved in efforts to obtain and use federal assistance, and to

assess the relationship of proposals to their plans and programs.

Please review the attached information ,mindful of the impact it may have on your

agency's goals and objectives. Document the results of your review in the space

provided. Return your response to usby the suspense date indicated above. Your

comments will be reviewed and utilized in making the official state recommendation

concerning the project. The recommendation willbe forwarded to the cognizant

federal agency.

da
te
a
D

Should you have no comment, please return the form signed and dated

If you have any questions, call me at (803) 734-0495 .
Rodney Gridžité

Project is consiste
nt

with our goals and objectI
DAR

S

Request a conference to discuss comments.

Please discontinue sending projects with this CFDA # to

our office for review .

Comments on proposed Application is as follows:

RoboukellSignature:

Date: 125
G6

Phone:
Title :

PK64-33PC
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OUTH CAR
OL

S
E
A
L

Office of the Governor.Grant Services

South Carolina Project Notification and Review

1205 Pendleton Street

Room 329 State Application Identifier

Columbia , SC 29201 EIS - 961120-020

Avinas

Suspense Date

12/20/96

Beth McClure

S.C.Department of Parks, Recreation and Tourism

The Grant Services Unit, Office of the Governor is authorized to operate the South

Carolina Project Notification and Review System (SCPNRS). Through the system

the appropriate state and local officials are given the opportunity to review ,

comment, and be involved in efforts to obtain and use federal assistance, and to

assess the relationship of proposals to their plans and programs.

Please review theattached information , mindful of the impact it may have on your

agency's goals and objectives. Document the results of your review in the space

provided . Return your response to us by the suspense date indicated above. Your

comments will be reviewed and utilized in making the official state recommendation

concerning the project. The recommendation will be forwarded to the cognizant

federal agency . or pled to the

Should you have no comment, please return the form signed and allod.

GRANTI VICES
If you have any questions, call me at (803) 734-0495 . Rodney Grizzle

Project is consistent with our goals and objectives.

Request a conference to discuss comments.

Please discontinue sending projects with this CFDA # to

our office for review .

Comments on proposed Application is as follows:

de comute

Signature :

Joge.

Bella
11/21196

Date :

Title : Planner 88/
734-0189

Phone:

PK64-3
4PC
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THE
GOVER

OF

R
N
O

Office of theGovernor.Grant Services

South Carolina Project Notification and Review

1206 Pendleton Street

Room 329 State Application Identifier

Columbia, SC 29201
EIS - 961120-020

Suspense Date

12/20/96
42682

Bruce E. Rippeteau

South Carolina Archaeologist

The Grant Services Unit, Office of the Governor is authorized to operate the South

Carolina Project Notification and Review System (SCPNRS). Through the system

the appropriate state and local officials are given the opportunity to review ,

comment, and be involved in efforts to obtain and use federal assistance, and to

assess the relationship of proposals to their plans and programs.

Please review the attached information, mindful of the impact it may have on your

agency's goals and objectives. Document the results of your review in the space

provided. Return your response to us by the suspense date indicated above. Your

comments will be reviewed and utilized in making the official state recommendation

concerning the project. The recommendation will be forwarded to the cognizant

federalagency.

Should you have no comment,please return the forma signed and dated .

If you have any questions, call meat (803) 734-0495 . Rodney Grizzle

Project is consistent with our goals and objectives.

Request a conference to discuss comments.

D
O

Please discontinue sending projects with this CFDA # to

our office for review .

Comments ga proposed Application is as follows:

avoidance of auta necos
cal culturel Herauss

dinosed during project , please nolity

our office of SHPO.

L14-01

Date: 1/10/96.
Signature:

نططهطفوس

777-8170
Phone:

Title: Ww wheelsused

PK64-34PC
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Office of the Governor .Grant Services

South Carolina Project Notification and Review

1205 Pendleton Street

Room 329 State Application Identifier

Columbia , SC 29201
EIS - 961120-020

Suspense Date

12/20/96

Hardee Clark Stith

State Development Board

1776

Sath Carolina Department of Commerce

The Grant Services Unit, Office of the Governor is authorized to operate the South

Carolina Project Notification and Review System (SCPNRS). Through the system

the appropriate state and local officials are given the opportunity to review ,

comment, and be involved in efforts to obtain and use federal assistance,and to

assess the relationship ofproposals to their plans and programs.

Please review the attached information , mindful of the impact it may haveon your

agency's goals and objectives. Documentthe results of your review in the space

provided. Return your response to us by the suspense date indicated above. Your

comments will be reviewed and utilized in making the official state recommendation

concerning the project. The recommendation will be forwarded to the cognizant

federal agency .

Should you have no comment,pleasereturn theform sigo secreted ?)

Radvies GardeIf you have any questions, call me at (803) 734-0495.

GRANT SERVICES

Project is consistent
with our goals and objectives.

Request a conference to discuss comments.

Please discontinue sending projects with this CFDA # to

our office for review .

Comments on proposed Application is as follows:

Signature: Date :
14181196

Title: Phone:

PK64-35
PC
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THE
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Office of the Governor Grant Services

South Carolina Project Notification and Review

1205 Pendleton Street

Room 329 State Application Identifier

Columbia , SC 29201
EIS -961120-020

Suspense Date

12/20/96

Steve Davis

S.C. Department ofHealth and Enviromental Control

TheGrant Services Unit, Office of the Governor is authorized to operate the South

Carolina Project Notification and Review System (SCPNRS). Through the system

the appropriate state and local officials are given the opportunity to review ,

comment, and be involved in efforts to obtain and use federal assistance, and to

assess the relationship of proposals to their plans and programs.

Please review the attached information , mindful of the impact it may have on your

agency's goals and objectives. Document theresults of your review in the space

provided. Return your response to us by the suspense date indicated above. Your

comments will be reviewed and utilized in making the official state recommendation

concerning the project. The recommendation will be forwarded to the cognizant

federal agency.

Should you have no comment, please return the form signed and dated.
D

If you have any questions, call meat(803 ) 734-0495. Rodney Grinde

Project is consistentwith our goals and objectivesiv
i
SERVICES

Request a conference to discuss comments.

I
C Please discontinue sending projects with this CFDA# to

our office for review .

Comments on proposed Application is as follows:

This 'eaumont is noch nored

oy The Deputns mons

>
11/26/90

Date:

Signature:

Phone :

Title:

PK64-35PC
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Referrals Mailed :

A95 AGENC
Y REFERR

AL
LIST

EIS -961120-
020

Projec
t
Numbe

r
:

EIS -96112
0-020

ProjectName:

Draft Enviro
nmenta

l
Impact Statem

ent
Shutdo

wn
of the River Water System at the

Savann
ah

River Site DOE/EIS -0268D (Aiken , South Carolin
a
)

ContactName:

Mr. Andrew R.Grainger

Project Address:

SR NEPA Complia
nce

Officer

Savanna
h

River Operati
ons

Office

Post Office Box 5031

Aiken , South Carolin
a
29804-5

031

ProjectPhone:

1-800-24
2-8269

Coastal Council

SC DeptofNatural Resources

Wildlife & Marine Resources

Land Resources Commissio
n

DHEC

SC Dept of Commerce

State Developme
nt

Board

Parks, Recreation & Tourism

State Ports Authority

AdjutantGeneralEPD

State Archaeologi
st

Human Affairs Commissio
n

Lower Savannah COG (Dist. 5 )

BCD COG (Dist. 9 )

PK64-
36PC
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SSOUTH CAROLINE

Suuth Carolina Department of

Natural Resources

D
E
P
A
R
T
M
E
N
T

December 20, 1996
James A. Timmerman . Jr., Ph.D.

Director

Omcagia Burgess

Grant Services

Office of the Governor

Edgar Brown Building, Room 329

1205 Pendleton Street

Columbia, SC 29201

REF: EIS - 961120-020 - Shutdown of the River Water System

Dear Ms. Burgess:

The South Carolina Department of Natural Resources has evaluated potential impacts of the

proposed shutdown on Wildlife and fisheries habitat,water quality , recreation and other factors

relating to the conservation of natural resources.

Webelieve that the proposed activity has potentialto impact the fisheries and wildlife habitat ofL

Lake and Part Pond L·Lake and Part Pond to some extent, contain excellent habitat for a number

of wildlife species such as the bald eagle, American alligator, white-tailed deer and various fur

bearers. They also support well balanced fish communities and a number of wading birds, water

fowland osprey .

The concern is that due to the small size of the watershed for L -Lake and Parr Pond, water quality

problemscould occur if the reservoirs are allowed to drop significandybelow full pool. In

addition , fluctuating water levels could have negative effects on fish recruitment and other wildlife

usage .

Llakewas intended to be a naturalized wildlife and fisheries habitat and should be managed to

optimize it's natural resource value. To allow water levels oo lower would notbe compatible with

that initiative. However, if the Department of Energy would remove the data and restore the

wetland forest and stream channel of Steel Creek ,we believe that an equirable exchange of natural

resources may occur. It is our position that no lowering and /or dewatering of L- Lake should occur

without an approved plan for Steel Creek restoration. The restoration plan should be submitted to

and approved by appropriate resource agencies. Elements of the plan should include tree

plantings, stream bank stabilization,monitoring and contingency plans. Restoration should

address upstream and downstream impacts with consideration given to reduce flows.

It should be noted that a possibility exists that some level of contamination may be present in the

aquasols that comprise the lake bottoms ofboch reservoirs. Before any plan is initiated to lower

water levels, the bottom sediments should be tested for contamination. Ifhazardousmaterials are

found in the sediments, then a plan for removal of those contaminants should be submitted prior to

any shutdown of the SRS River Water System .

RECEIVEC

DaungJohan Ra

Sincerely ,

DEC 30 1996

GRANT SERVICES

Robert E. Dundan !

EnvironmentalProgramsDirector

Rembert C. Dennis Building

Telephone : 803/734.41"1000 Assembly St · P.O. Box 167 . Columbia, S.C. 29202 .

PRINTED ON RECYCLED PAPER

EQUAL OPPORTUNITY AGENCY

PK64-36PC
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ROLIDE
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R
N
O
R

Office of the Governor Grant Services

South Carolina Project Notification and Review

1205 Pendleton Street

Room 329 State Application Identifier

Columbia, SC 29201
EIS - 961120-020

Suspense Date

12/20/96

Dr. James A. Timmerman , Jr.

South Carolina Wildlife and MarineResources Department

Oni

The Grant Services Unit, Office ofthe Governor is authorized to operate the South

Carolina Project Notification and Review System (SCPNRS ). Through the system

the appropriate state and local officials are given the opportunity to review ,

comment, and be involved in efforts to obtain and use federal assistance, and to

assess the relationship of proposals to their plans and programs.

Please review the attached information , mindful of the impact it may have on your

agency's goals and objectives. Document the results of your review in the space

provided . Return your response to us by the suspense date indicated above. Your

comments will be reviewed and utilized in making the official state recommendation

concerning the project. The recommendation will be forwarded to the cognizant

federal agency .

Should you have no comment, please return the form signed and dated .

If you have any questions, callmeat (803) 734-0495.
Rodney Grizzle

Project is consistentwith our goals and objectives.

RECEIVED

Request a conference to discuss comments.

CEC 30 1996

Please discontinue sending projects with this CFDA# QRANT SERVICES

our office for review .

Comments on proposed Application is as follows:

Comment allocha

Dohmon for

Signature: Robert E. E room

Date: 12 /20 /8

En .Title :
Phone: 2370sca

PK64-3
7PC

Comment L14. Page 9 of 10 .
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South Carolina Commissioner: Douglas E. Bryant

DHEC

Roundt John H. Burris, Chairman
Wiliam M. Hull, Jr., MO ,Mo Charmen

RogerLookas, Jr., Secretary

Richard E. Jabbour, ODS
Cynd C.Monteller

Brian K. Smith
Rodney Grandy

Promoting Hoan Protecting the Environment
DepartoHearth and Ermirarment Control

1302 Mama Avenue , Suite 400
Charleston , SC 2405

(803)744-5838 Fe (203)744-5847

PEI
VED

- 7 1996

Bureau of Ocean and CoastalResource Managerr
got

SERVICES

Christopher L. Brooks, Bureau Chief

December 5 , 1996

Ms. Omegia Burgess

Office of the Governor,Grant Services

1205 Pendleton Street,Room 329

Columbia, SC 29201

Re: EIS961120-020

DEIS-Shutdown of the River Water at

The Savannah River Site

Various Counties

A - 95

DearMs. Burgess:

The staff of the Bureau of Ocean and Coastal Resource Management(OCRM ) certifies that

the above referenced project is consistentwith the CoastalZone ManagementProgram . This

certification shall serve as the final approvalby the OCRM .

Interested parties are provided ten days from receipt of this letter to appeal the action of the

OCRM .

Sincerely ,

A
M

Robert b . Mikell

Manager, Planning

and Federal Certificatidn Section

THA

JHA 25173/jk

CC : Mr. Christopher L. Brooks

Mr.H.Stephen Snyder

recycled me

PK64-37PC
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Response to CommentL14-01

Because the alternatives, including the Proposed

Action ,would not require any construction ,

there would be little if any risk ofdamaging

historic or archaeological resources or areas of

cultural resources of areas of cultural

importance to Native American tribes. Should

the potential for impacts become apparent or if

impacts, unexpected as they are, were to occur,

DOE would notify the State of South Carolina

Office of the Governor or the State Historic

Preservation Office.
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Savannah River Site

CITIZENS ADVISORY BOARD

Rocommendation No. 31

January 28, 1997

Recommendation on the Shutdown of the River Water System at SRS

The SRS Citizens Advisory Board recognizes and commends DOE for wanting to shutdown the

river water pumping system at SRS to save the costs of operating and maintaining this system

which is no longer needed to provide coolingwater for the SRS reactors. However, there are

someadditional factors related to this system which need to be considered. The SR8 Citizens

Advisory Board recommends thatDOE:

L15-01

1. Place the river water system in a minimum cost standby condition as soon as possible (sce

items 2, 3 and 6 ). Koop the system available to provide cooling water for the possible future

missions thatmayroquire large amounts ofcooling water with repairs and restart costa borne

by thenew missions

L15-02
2 Before making a decision to place the system on standby, investigate the legal requirements

and the Sevamah River water rights withdrawal restrictions thatmightbe required prior to

roactivating a river water pump house

L15-03

| L15-04

S. Consider as sufficient theNational Traviranmental Policy Act (NEPA ) data doveloped to

evaluate the environmental izapacts of different alternative actions on LLake for the Federal

Facility Agreement(FFA) Remedial Investigation Feasibility Study (RIFS) process at L-Lake.

Consider the potential Remedial Actions section of the Draft Environmental Impact Statement

(DEIS) as the basis for those remedial actions in the FFA RIFS process. Move the FFA RIF8

process forward on an expedited schedule to be completed before the Record of Decision (ROD)

on the NEPA process. Should environmental remediation of L-Lake be required, consider the

decision on it as part of the RIFS procesa.Coordinato both decisions and move capeditiously to

minimize unnecessary costa

4. Include the scological effects of possible remediation actions in the RIF8 process for L-Lake.

5. Consider only the onsite worker regarding human health risk scenarios in the decision pro

cess for L-Lake remedial actions under the FFA. It is not DOE-SR policy nor is it part of the

SRS Future Uso Plan to allow residents to live anaito SRS. This has been supported by the CAB

and input from stakeholders. In addition, the DEIS evaluations indicato a greater risk to offsite

residents from Cesium - 137 fallout from prior atmospheric testing , than to hypothetical onsite

residents who might have a riak troca the Conium.137 in L-Lake outside of the Steel Creek

channel and its floodplain .

6. Complete consultationswith the Natural Resource Trustees before issuing the Record of

Decision on the Shutdown of the River Water System because endangered species (eagles and

wood storks) teside in the L-Lake area

SMS Cuscola I

Adopeod Inoary 28,1997

L15-05

L15-06

PK64-38PC
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Savanna
h

River Site

CITI
ZENS ADVI

SORY
BOAR

D

AUS Doportment ofEnergy Staspache Advory Board

January 30, 1997

shower

Dr.Mario Fiori,Manager

U.S. Department of Energy

Savannah River Operations Office

P.O.Bas A

Alcan , S.C. 29808

Dear Dr. Fari:

On behalf of the Savannah River Site Citizens Advisory Board, I am

pleased to forward you two recommendatio
ns

adopted at our

Jamiary 28 , 1997 ,meeting in Hilton Head Island , S.C.

The Board's Recommendatio
n
No. 31 regards the Shutdown of the River

Water System at SRS and No. 32 addresses tho Waste Isolation Pilot

Plant (WIPP )Disposal Phase Draft SEIS - IL Comments on theWPP

documsat will be provided to the DOE-Carlsbad Office as well.

Both enclosures are also being forwarded to John Hankinson of the

Environmental Protection Agency and Lewis Shew of the South Carolina

Department of Health and Environmantal Control

Wewould appreciate your written response prior to our nextmeeting an

March 25 at the Sevamah River Site. Where appropriate, we trust DOE ,

EPA and SCDHEC will carefully consider those recommendatio
ns

and

work together to develop a response for implementation.

Sincerely ,

Bu
t sl

ay

Tom Hen

L.Wala

Bob Slay

Chairman

Co Don Bock , EM22

Tom Hoonan

PK64-
38PC
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Response to CommentL15-01 Water Resources Commission prior to

consolidation of that agency with SCDHEC .

DOE agrees with the recommendation by the

Citizens Advisory Board (CAB) to place the

River Water System in standby; it is the DOE

preferred alternative. In response to the

recommendation by the CAB, DOE has

expanded Section 3.3.2 , Layup Options, to

provide a standby condition that would be

responsive to the potential futuremission of an

accelerator for the production of tritium (APT)

atSRS. The wide variety of layup options

presented for the decisionmaker depend on the

timerequired to restart the River Water System

(from 1 month to 30 months) and the layup

scheme (keep portionsofthe piping system

pressurized by operating the smallpump or a

still smaller jockey pump, or maintain those

portions in a dry pipe condition ). The minimum

cost standby condition is the dry pipe scheme,

which would require 30 months to restart the

system . This option would cost about $650,000

per year of standby ; the additional costto

include surveillance andmaintenance of the

portion of pipe that the APTwould use is

approximately $10,000 per year (dry pipe layup )

or $35,000 per year (wet pipe layup). The

decisionmakerwill review the “minimum cost

with system available for possible future

missions” option in lightof the recommendation

by the CAB and the knowledge that repair and

restart costs would be borne by the new mission .

Possibility exists that further environmental

review (e.g., a Section 316 (b ) entrainment and

impingement study) may be required in

conjunction with a future decision to restart the

RiverWater System . Historically, the River

Water System has withdrawn asmuch as

586,000 gallons perminute (37 cubicmeters per

second) from the Savannah River. Asindicated

in Section 3.3.2 , the projected pumping rates

associated with maintaining the system for

potential restart of this system are significantly

less ; therefore, DOE believes that the cost and

time of a Section 316 (b ) study , if any, would be

minimal. DOE does not anticipate that such

review , if necessary , would result in the

imposition of constraints on SRS river water

usage .

DOE acknowledges, however, that it would

interact and negotiate with EPA and SCDHEC

concerning the use ofexisting river water

intakes. If new intakes or other mitigation

requirementswere needed, the costwould be

substantial and proportional to the number of

pumps to be restarted .

Response to Comment L15-03

Response to CommentL15-02

DOE has investigated the legal requirements

and Savannah River water withdrawal

restrictions thatmight be associated with

reactivating the River Water System . In

consultation with SCDHEC, DOE determined

that these Savannah River water withdrawals are

notsubject to allocations or permit constraints.

DOE will continue to report on a quarterly basis

to SCDHEC the surface water usage, including

anychanges in Savannah River water

withdrawals associated with the alternatives

considered in this EIS . These reports, which are

voluntary, were submitted to the South Carolina

DOE intends to coordinate NEPA and CERCLA

activities regarding L -Lake as appropriate to

minimize costs and ensure protection ofhuman

health and the environment. This coordination ,

including the extentto which remedial activities

for L-Lake should be expedited ,will be

discussed with EPA and SCDHEC in the

context of ongoing discussions being conducted

under the FFA,which provides the agreed -upon

framework for remediation planning, including

consideration of such important factors as risk

to human health and the environment,

budgeting, and scheduling. (See responses to

EPA comments, letter L10.)
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Respons
e

to Comme
nt

L15-04

The remedialaction process for L -Lakemight

be included within the Steel Creek Integrator

Operable Unit. The FFA process includes

detailed RCRA Facility Investigat
ion /Remedial

Investigat
ion and a baseline risk assessmen

t
,

which as a matter of procedure, considers

potential risks to ecologica
l receptors as wellas

human ones.

use recomme
nded by the CitizensAdvisory

Board and other stakehold
ers is a primary

considera
tion

in all cleanup decisions under the

FFA. This is consisten
t
with CERCLA, theFFA

Implemen
tation

Plan , and DOE responses to

earlier CAB recommen
dations

on land use.

Baseline Risk Assessme
nt

protocols include

estimates of risk at a site, as is, to hypothetic
al

receptors including a future resident,but risk

managem
ent

(cleanup) decisionsmust be

consisten
t
with the reasonabl

y
expected future

use – in this case, the use recommen
ded

by the

CAB and the SRS Future Use Project Report.DOE prepared a revised and expanded

ecological risk assessment in Appendix B. This

analysis focuses on the proposed action in this

EIS rather than remediation alternatives but

might assist the preparation of the ecological

effects portion of the baseline risk assessment in

Respons
e

to Comme
nt

L15-06

the FFA process.

The response to commen
t
L16-05 provides

details of the relation
ship

of the Natural

Resourc
es

Trustees and this EIS. Section 4.8

has been expande
d

to provide a more explicit

compari
son

of irreversi
ble

or irretriev
able

commitm
ents

ofresource
s
under the alternativ

es

in this EIS .

Response to Commen
t
L15-05

As stated in Section 1.4 , this EIS analyzes

realistic exposure conditions for the current

facility worker, the collocated worker, the

hypotheticalmaximally exposed offsite

individual, the offsite population, and

reasonably foreseeable future conditions, which

are consistentwith the SRS Future Use Report

and include a future facility worker and public

access for recreation , butdo not include a future

resident. Section 4.1.8 describes these risks for

L -Lake.

NEPA requires separate consulta
tion

with the

U.S. Fish and Wildlife Service relative to

threaten
ed

and endange
red

species under

Section 7 of the Endange
red

Species Act.

Formal consulta
tion

is in progress, and if DOE

decides to shut down the River Water System ,

the Section 7 process would be accompli
shed

prior to shutdow
n
ofthe system . The Section 7

consulta
tion

process is describe
d

in greater

detail in Section 5.10 and in response
s
to the

Departm
ent

of Interior commen
ts

(L - 16 ).
Although the decision process for L -Lake

remedial actions under the FFA is not in the

scope of this EIS, DOE believes the future land
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United States Departmentof the Interior

OFFICE OF THE SECRETARY

Washinglon , D.C. 20240

JAN 31 1997

In Reply Refer To:

ER 96/742

Mr. Andrew R. Grainger

SR NEPA ComplianceOfficer

U. S. Department of Energy

Savannah River Operations Office

Posi Office Box 5031

Ajken , South Carolina 29804-5031

Re: Draft Environmental Impact Statement, Shutdown ofthe River Water System atthe

Savannah River Site, Aiken , South Carolina (DOE/ETS-0268D )

DearMrGrainger:

L16-01

The U. S. Department of the Interior (Department) has reviewed the above-referenced document

and provides the following comments for your consideration . We are extremely concerned about

the Proposed Action , its environmentalconsequences,and the inadequacy of the Draft

Environmental Impact Statement (DEIS ) as now written . The Proposed Action may have very

significant effects on the Department's trust resources under the managementjurisdiction of the

Department's Fish and Wildlife Service (FWS), including endangered and threatened species.

Background The River Water System (RWS) at the Department ofEnergy's (DOE's) Savannah

River Site (SRS) includes three pumphouses, two on the Savannah River and one on Par Pond.

When the reactors were operating, the two pumps on the Savannah River delivered 179,000

gallons per minute (gpm ) to each reactor area plus makeup water for a total of about 380,000

gpm (23.9 cubic meters per second). Water bodies receiving effluents from the reactors included

L -Lake and Steel Creek, Par Pond and Lower Three Runs, Fourmile Branch , and Pen Branch .

Due to shutdown of the reactors, DOE placed one of the Savannah River pumphouses in lay up in

1993 and deactivated and abandoned the Par Pond pumphouse in 1995. At that time,DOE

decided to discharge aminimum flow of 10 cubic feet per second (cfs) to Lower Three Runs and

to allow the water level in Par Pond to fluctuate naturally between its normal operating level of

200 feet abovemean sea level (msl) and 195 feetabovemsl. In addition ,DOE decided to reduce

the flow to L -Lakeas longas the lakewasmaintained at its normal operating level of 190 feet

abovemsl and flow in Steel Creek below L -Lake did not fall below 10 cfs. These and other minor

system requirements are currently satisfied by operating one of the 10 available pumps in the

remaining Savannah River pumphouse which pumps approximately 28,000 gpm .

PK64-39PC
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According to the DEIS, current operation ofone pump provides approximately 23,000 gpm more

water than is needed . DOE has thus decided to replace this pump with a 5,000 gpm pump which

willkeep L -Lake at it normal operating level and provide a minimum of 10 cfs to Steel Creek .

Currentdischarges to Fourmile Branch via Castor Creek (approximately 0.5 cfs) and to the

headwaters of Steel Creek (6.5 cfs ) would be eliminated and flow to Pen Branch would be

reduced from around 12.7 cfs to no more than 0.68 cfs. DOE has determined that the action of

installing the smallpump is categorically excluded from requiring either an Environmental

Assessment or an EIS under the National Environmental Policy Act (NEPA). It is the operation

of the small pump, to be operational by Spring 1997,and notthe currently used pump, which

DOE uses as the basis of its No Action alternative in this DEIS.

Environmental contamination at SRS and ongoing investigations and actions complicate DOE's

proposed shutdown of the SRS RWS. L -Lake is currently undergoing a site evaluation in

accordance with the Federal Facility Agreement (FFA) among DOE, the U. S. Environmental

Protection Agency (EPA ),and the South Carolina Department ofHealth and Environmental

Control (SCDHEC ). This agreement integrates DOE's responsibilities under the Comprehensive

EnvironmentalResponse, Compensation, and Liability Act (CERCLA, Superfund Act) and the

Resource Conservation and Recovery Act (RCRA ) for investigation ofthe nature and extent of

contamination at SRS and for identification and implementation ofnecessary remedial, or cleanup,

actions. If the L -Lake site evaluation recommends further investigation, L -Lake will be placed on

the CERCLARCRA Units List and willbe subjectto the remedial action process defined by

CERCLARCRA . As stated in this DEIS, that process would be "long and involved “ under the

current FFA .

Par Pond has already been placed on the Superfund list. While it has the fourth highest hazard

score at SRS, the FFA calls for DOE to begin investigations in 2004 and 10 begin remedial

actions, if required , in 2008. Fourmile Branch , Pen Branch, and Lower Three Runs are also on

the CERCLAIRCRA list and are to receive future evaluation and potential remedial actions.

Proposed Action DOE's Proposed Action and Preferred Alternative is to shut down theRWS and

to place all or portions of the system in standby. The cessation of river water input to L-Lake

would result in the gradual disappearance ofthe 1000-acre lake, exposure of contaminated

sediments, and potential downstream transport of contaminated sediments (Steel Creek and the

Savannah River). DOE has apparently already ceased pumping river water to Par Pond and is

allowing "natural fluctuation" ofwater levels over its contaminated sediments. Maintenance

flows to Lower Three Runs below Par Pond would cease under the Proposed Action.

Comments :

1 .

L164

Effects on Fish and Wildlife Resources: The DEIS adequately identifies the habitatlosses

thatwould occur under the Proposed Action and the positive environmental impacts

associated with reduced entrainment and impingement of fish eggs, larvae, juveniles, and

adult fishes of the Savannah River. Still, the DEIS fails to adequately evaluate the effects

of the Proposed Action on fish and wildlife resources. The underlying basis of this failure

is the conclusion contained in Appendix B : "Ecological effects from contaminants in Par

PK64-3
9PC
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Pond, L -Lake, Steel Creek , and Lower Three Runs are unlikely regardless ofthe status of

the River Water System ."

L16-02

(cont.)

Westrongly disagree with this statement. Asnoted in a June 2 , 1992 , letter to DOE from

the FWS in which it did not concur with the DOE's assessment of no effect on the wood

stork and the bald eagle relative to the 1991 emergency drawdown of Par Pond, the

documented levels ofmercury in fish in Par Pond far exceed levels known to cause

adverse effects on sensitive avian species. Limited data presented at a wood stork meeting

at SRS in 1996 indicate mercury levels in fishesin L -Lake are higher than those in Par

Pond. Contrary to the conclusions presented in Appendix B , available data indicate

sediments in L -Lake, Par Pond, Steel Creek, and Lower Three Runs likely present

significant risk to exposed fish and wildlife populations, particularly avian species

including the endangered wood stork and threatened bald eagle. Further investigations

into the nature and extent of contamination associated with these water bodies and

appropriate site specific ecological risk assessments are necessary to fully assess the

ecological effects associated with contaminants in these water bodies. These data are

needed before the environmental impacts of the Proposed Action can be adequately

evaluated and considered in the decisionmaking process.

L16-03

While not a part of this DEIS, the planned reduction in current pumping from 28,000 gpm

to 5,000 gpm may also have a significant effect on trust resources associated with the

receiving water bodies. Under the planned reduction which DOE has determined to be

categorically excluded from requiring either an Environmental Assessment or an EIS

under NEPA, current discharges to Fourmile Branch via Castor Creek (approximately 0.5

cfs) and to the headwaters of Steel Creek (6.5 cfs ) would be eliminated and flow to Pen

Branch would be reduced from around 12.7 cfs to no more than 0.68 cfs. Streamflow

reductions result in stream and riparian habitatlosses with potential adverse impacts on

fish and wildlife populations. In addition, at SRSreductions in streamflow may also result

in the exposure of contaminanted sediments and additional exposure pathways for avian

and terrestrialwildlife. The DEIS should contain some discussion ofthe impacts of the

planned streamflow reductions; at a minimum , there should be some explanation ofDOE's

determination that this action is categorically excluded from review under NEPA

2.

L16-04

Endangered Species: While theDEIS states that DOE directed the preparation of a

biological assessment to evaluate the effects of the proposed action on endangered and

threatened species, the FWS has notbeen provided a copy of that assessment. The DEIS

further states that DOE " plans to initiate formal consultation;" formal consultation under

Section 7 of the Endangered Species Act is required if the biologicalassessment concludes

the proposed action may affect endangered or threatened species. Under formal

consultation, the FWSmust prepare a Biological Opinion regarding the project and its

impacts on endangered and threatened species. The evaluation of Proposed Action

impacts cannot be completed until Section 7 consultation is completed ; thus affecting the

Final EIS completion.

L16-05

3 .

Natural Resource Damages: The DEIS containsa discussion of natural resource damages

PK64-40PC

Comment L16 . Page 3 of 4 .
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(Section 5.5.2.4 and Section 4.8),and in particular the effect of a determination in an EIS

that certain resources are irreversibly and irretrievably committed. The discussion in these

sections is not clear, however, it implies that DOE's identification in the DEIS of any

resource as irreversibly and irretrievably committed will preclude natural resource

damages liability arising from the proposed action . Section 107(1) of CERCLA requires

that damages to natural resources be specifically identified , that a permit or license be

issued and the decision granting the permit or license authorize the commitment of

resources, and that operations be conducted within the termsof the permit or license. It is

not apparent from the DEIS that all of the conditions of the Section 107 (1) exclusion

would bemet. Further, even if these conditionswere met, it is not clear that the Section

107(f) exclusion would apply to a situation involving releases or contamination occurring

prior to the preparation of theEIS . Accordingly, based on the information contained in

the DEIS, it is our view that the Section 107(1) exclusion from liability would not apply .

L16-05

(cont.)

TheDepartment appreciates the opportunity to provide these comments. Any questions or

comments should be directed to Ms. Diane Duncan, Environmental Contaminants Specialist,

U. S. Fish and Wildlife Service, P. O. Box 69, Wadmalaw Island, South Carolina 29487, (803 )

559-7909.

Sincerely,

Willik
Taylor

Willie R. Taylor

Director

Office of Environmental Policy

and Compliance

PK64-40P
C

Comment L16 . Page 4 of 4 .
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Response to Comment L16-01

Section 4.3.5.3, as revised , presents a thorough

evaluation of the affected environment and

environmental consequence on threatened and

endangered species due to implementation of

the proposed action or an alternative. This

evaluation is supported by a Biological

Assessment and an Ecological Risk Assessment

(Appendix B ).

and intermountain west. More than 60 percent

of the water bodies contained fish with mercury

concentrations greater than 0.1 mg/kg (ppm ).

The concentration ofmercury in fish tissue from

21background sites ranged from not detected to

1.77mg/kg (ppm ) with a mean of 0.34 mg/kg.

This mean value is three times the Eisler

standard of0.1 ppm .

DOE appreciates the advice and cooperation of

the Fish and Wildlife Service that is leading to

the successful completion ofthe consultation

process as required by Section 7 of the

Endangered Species Act.

Mercury concentrations in fish in Par Pond have

on occasion been higher than the 0.1 ppm

concentration, but are not an imminent threat to

fish and wildlife . Any effects would be subtle

to imperceptible; there is no evidence to date of

reduced survival or reproductive success in any

of the sensitive speciesknown to forage or nest

in the area (such as the bald eagle andwood

stork ).Response to Comment L16-02

DOE acknowledges that documented

concentrations ofmercury in fish in Par Pond

and L -Lake in some cases have exceeded

0.1mg/kg (ppm ). However, it should be noted

that the 0.1mg/kgconcentration oftotal

mercury in prey items (fish ) that is generally

cited as protective of fish -eatingbirds (from

Eisler's oft- cited 1987monograph Mercury

Hazards to Fish ,Wildlife, and Invertebrates) is

very conservative, and has been the subject of

some debate in scientific circles. Moreover, this

0.1mg/kg (ppm ) standard is within the range of

normal background mercury levels in fish in

many streams, lakes, and reservoirs in the U.S.

The “ limited data presented at the 1996 wood

storkmeeting" do not indicate thatmercury

levels in fish in L -Lake are higher than those in

Par Pond, nor are these data indicative of

“ significantrisk to exposed fish and wildlife

populations.” These limited Savannah River

Ecology Laboratory data show thatmercury

concentrations are roughly twice as high in Par

Pond fish than L -Lake fish . Mercury

concentrationsappear to be slightly elevated in

largemouth bass and four sunfish species in Par

Pond. Mercury concentrations in L -Lake fish

are indistinguishable from background levels,

with the exception ofone species, the redbreast,

which appears to contain elevated

concentrations ofmercury . It should be noted

that sunfish from isolated SRS wetlands

unaffected by facility operations often contain

mercury levels as high or higher than L -Lake

and Par Pond, depending on the particular

wetland's soils andwater quality (pH ,

hardness/alkalinity, and total organic carbon ).

For example, freshwater fish (bottom -dwelling

species and predators) were sampled atmore

than 100 stations across the U.S. in the 1970s

and 1980s as partof theNational Contaminant

Biomonitoring Program managed by the U.S.

Fish and Wildlife Service. Mean concentrations

ofmercury in these fish samples were 0.11 ppm

in both 1978-1979 and 1980-1981. The EPA

National Study ofChemical Residues in Fish

(EPA 823 -R -92-008a )presents data on mercury

concentrations in fish collected from 1986-1989

at 374 locations (amix of contaminated and

background sites ). Generally speaking,

concentrationswere highest in the northeast and

southeast and lowest in themidwest, southwest,

The value presented in Eisler ( 1987) of 0.1 ppm

should be viewed as an initial indicatorof

potential risk to sensitive bird species. This

value is not species specific, and does not take

into account site- specific physico-chemical

parameters or the ecology of the avian receptors

that use a given site ( e.g., Par Pond and
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L -Lake). The Eisler value, therefor
e
, should be

viewed as a starting point or screenin
g
level to

investiga
te

potentia
l riskswhen fish have body

burdens ofgreater than 0.1 ppm
totalmercury .

The FEIS contains an expande
d
ecologic

al
risk

assessm
ent

that evaluate
s
potentia

l
risks to the

wood stork and bald eagle (among other

species) that is based on site-specific and

species-specific paramete
rs

.

damage liability is not clear. USFWS further

asserts that all the conditio
ns

of the CERCLA

Section 107 (f) exclusio
n
would not be met by

the DEIS as it is currentl
y

written . Under

Section 107 (f) of CERCL
A

there is exclusion of

liability for an injury to, destruct
ion

of, or loss

of natural resource
s

if

Respon
se

to Comme
nt

L16-03

The FEIS contains an expanded discussio
n

of

possible impacts to fish and wildlife from

reduction
s

in streamflo
w

(Section 4.2.5), as well

as an explanati
on

for DOE's position that this

action is categorica
lly

excluded from review

underNEPA (Section 1.1) .

... the damages to natural commitm
ents

of

resourc
es

complai
ned

of were specifica
lly

identifie
d

as irreversi
ble

and irretriev
able

commit
ments of resource

s
in an

environ
mental

impact statemen
t
, or other

compara
ble

environ
mental analysis, and

the decision to grant a permit or license

authoriz
es

such commit
ment

of natural

resource
s
, and the facility or project was

otherwis
e
operatin

g
within the termsof its

permit or license, long as, in the case of

damages to an Indian tribe occurrin
g

pursuan
t
to a Federal permit or license,

the issuance of that permit or license was

not inconsis
tent

with the fiduciary duty of

the United States with respect to such

Indian tribe.

SO

Respons
e

to Commen
t
L16-04

On December 23, 1996 , the DOE NEPA

Complian
ce Officer at the Savannah River Site ,

Mr. Drew Grainger, sent a copy of the

Biologica
l
Assessme

nt to Mr.Roger L. Banks

of the Charlesto
n , S.C., field office of the U.S.

Fish and Wildlife Service. The cover letter that

accompan
ied the Biologica

l Assessme
nt noted

that:

The biologica
l assessme

nt concludes that

the proposed action may affect the bald

eagle, which nests on the SRS, and the

wood stork ,which occasiona
lly forages

on the SRS. As a result,...DOE would like

to begin the process of consultati
on

pursuant to Section 7 of the Endanger
ed

Species Act...

In Section 4.8 of RWEIS, the discussi
on

ofthe

resource
s

thatwould be irreversi
bly

and

irretriev
ably

committ
ed

has been clarified so as

to satisfy the require
ments

of both NEPA and

CERCL
A

. A discussi
on

of the potential natural

resourc
e
damages liability resulting from this

action as addresse
d

in Section 107(f) of

CERCL
A

isnot appropri
ate

at this time andhas

been eliminat
ed

. It is prematu
re

to pursue a

decision on a Section 107 (f) exclusio
n

on

natural resource damages liability for the

current action at this time.

DOE believes that it has fulfilled its obligations

with respect to the consultation requirements of

the Endangered Species Act.

Response to Comment L16-05

In the USFWS commen
t, it is not clear,

but

seemsto be implied that a permit orlicense

must be issued in order to fulfill the

requirements of Section 107(f) of CERCLA

with regard to obtaining an exclusion for natural

resource damage liability . In the case of the

actions under consideration , a permit isnot

relevant to the activities involved and would not

be necessary . Alternative remedial actions

USFWS states that the discussion of the

irreversible and irretrievably committed

resources and the effectthat such a

determination in an EIS has on natural resources
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under CERCLA are not ready for decision at

this time and are not included in this Final EIS .

Finally , USFWSraises the question of

applicability of the Section 107 (f) exclusion as

it applies to releases and contamination

occurring prior to the preparation ofRWEIS . It

cannotbe implied that invocation of the Section

107(f) exclusion covers the prior releases and

contamination. These prior releases are

currently being addressed through the CERCLA

remediation process with input from the

Savannah River Site's Natural Resource

Trustees.
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APPENDIX F. DESCRIPTION OF L -LAKE

SEDIMENT DATA AND DATA SOURCES

L-Lake sediment data used quantitatively in this

Final Environmental Impact Statement (EIS)

were obtained from initial sampling in 1995 and

a four-phase series of studies which were

conducted in 1996-1997 in support of this Final

EIS and a Site Evaluation (SE ) for L - Lake. The

data were collected in accordance with

CERCLA protocols to support the SE and

subsequent investigations, if any, thatmay be

conducted under the Federal Facility Agreement

between EPA, SCDHEC, and DOE.

Descriptions ofthe methods employed in the

initial sampling and the first three phases are

presented below . The fourth phase hasnot yet

been conducted .

F.1 Initial SedimentCore Sampling

apparatus is attached to a coring barge, and is

slightly modified to advance the pipe under

water.

Prior to the initiation of Phases I-III, sediment

core samplingwas conducted in Par Pond, Pond

C , and L -Lake in July 1995 (Koch,Martin , and

Friday 1996 ). The study was conducted to

develop a defensible characterization of

contaminants in Par Pond, Pond C , and L -Lake

sediments, and to serve as the basis for future

studies to determine in detail the distribution

and ecological effects ofthose contaminants.

Since this section is limited to descriptions of L

Lake data, only data from L -Lake will be

discussed .

Sediment cores in L -Lakewere collected by

vibracoring. In simple terms, the vibracore

machine is a gasoline-powered enginewith a

vibrating head on a flexible steelwire. A 3-inch

diameter (7.6-centimeter), thin-walled ,

aluminum pipe about 15- foot (4.6 -meter) long is

attached to the head. The pipe is raised to a

vertical position and vibrated by the engine.

Thus, the head vibrates the aluminum pipe into

the sediment, capturing a core of sediment

material. For deeper water samples, the

In L -Lake, sampling locations were established

by longitude and latitude coordinates using a

digitized SRS map. Two cores were collected at

each location to provide enough sample volume

for analysis. Following retrieval, cores were

transported to the sample processing facility

where they were cut longitudinally using a

circular saw . Each core was divided into five

segments corresponding to depths of 0-1 foot,

1-2 feet, 2-4 feet, 4-6 feet,and 6-8 feet (0-0.3

meter, 0.3-0.6 meter, 0.6-1.2 meters, 1.2-1.8

meters, and 1.8-2.4 meters). Subsamples from

approximately half the samples were

immediately collected for volatile organic

analyte analysis. Sampleswere also analyzed

for a suite ofothernonradiological

contaminants and radiological contaminants.

Non -radiological data from L -Lake samples

were validated using standard data validation

techniques.

Appendix F is a new appendix thatwas not part ofthe DEIS.

F - 1



DOE/EIS -0268

F.2 Phase I

reference sites were also selected from Steel

Creek andMeyers Branch, itsmain tributary .

The Phase I study consisted of the collection of

surface sediment samples in summer 1996 in L

Lake for radionuclide and tracemetal analysis

(Dunn ,Gladden, and Martin 1996). Sampling

locations were selected based on aerial

photographs, the results of previous studies, and

the SRS soil survey. Locationswere selected to

include dominant soil types and sites known or

suspected to have been used as disposal sites for

clean vegetation . These are sites where

vegetation was piled up and burned during lake

construction. Hence they are referred to as “ ash

pit” samples. Sites were also selected to include

areas where radionuclide-contaminated soils

were removed and buried during lake

construction. A Global Position System was

used to locate precise locations. A totalof45

sampling locations were identified. Thirteen

L -Lake sampleswere collected with an Ekman

dredge, and reference samples were collected

with an auger-type tool. L -Lake samples were

collected from 0-0.5- foot (0-0.15-meter) depth ,

while reference samples were collected from 0

1 -foot (0-0.3 -meter ) and 1-4 - foot (0.3-1.2

meters) depth intervals. The sediment samples

were analyzed for all EPA TargetAnalyte List

metals (except cyanide), gross alpha activity,

nonvolatile beta activity , gamma-pulse-height,

plutonium alpha series isotopes, and uranium

alpha series isotopes. All nonradiological and

radiological data were validated using standard

data validation techniques.

F.3 Phase II

The Phase II study of the four- phase

investigation consisted of the collection of L

Lake sediment cores for radionuclide and trace

metal analysis in August 1996 (Dunn, Koch , and

Martin 1996 ). The vibracoring technique

described above was used for sample collection .

A GPS system was used to identify specific

sampling locations. Each core was divided into

sampling intervals . Four foot cores were

sampled at 0-1-foot and 1-4 -foot (0-0.3- and

0.3-1.2 -meter) intervals, and 8- foot coreswere

sampled at 0-1, 1-4 , and 4-8-feet (0-0.3-,

0.3-1.2-, and 1.2-2.4 -meter ) intervals. A

maximum of 17 sample cores were collected,

but this number of subsamples was not available

for each depth . The same reference data

described for the Phase I sampling were also

used during the Phase II study (a total of 13

samples). All samples were analyzed for Target

Analyte Listmetals (except cyanide), gross

alpha, nonvolatile beta , Pu series. U series, and

gamma spectroscopy. All nonradiological and

radiological data were validated using standard

data validation techniques.

F.4 Phase III

Phase III of the four-phase investigation

consisted of in situ analysis for gamma-emitting

radionuclides in L -Lake in summer 1996 (Dunn

1996 ). A GPS system was used to locate exact

sampling locations, and 192 locations were

sampled . Ateach location, an underwater

gamma-detector, a High Purity Germanium

detector (HPGe),was used to measure gamma

emitting radioisotopes, primarily cesium -137

and cobalt-60. The detector was lowered by a

winch until its housing rested on the sediment

surface. Two -minute counting intervalswere

made at each location . The goalofthe HPGe

sampling was to determine the edge of the

gamma-emitting radionuclide contamination in

the lakebed and compare it with the contour

established in 1985 .
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-

In addition, grab samples of the bottom

sediments were also collected . These samples

were taken to determine the incidence ofman

made radionuclides presentin the sediments at

levels below the detection limit of the

underwater gamma detector. Grab samples

were analyzed with low -level HPGe in the

Underground Counting Facility .

F.5 L -Lake SedimentData Reduction for the EIS

0-1 -foot (0-0.3 -meter) segments collected

during the 1996 Phase I studywere used (Dunn,

Gladden, and Martin 1996 ) .

The full data sets from the studies described

above were reduced and manipulated for use in

the L -Lake human health evaluation (Appendix

A and Section 4.1.8 ) and the L -Lake ecological

risk assessment (Appendix B and Section 4.1.5 )

included in this Final EIS. The data used in

these evaluations are described below .

The remedial investigation reported in

Appendix A used the three data sets described

above and also used data from the Phase III

underwater gamma study and data from an

underwater gamma study conducted in 1995

(WSRC 1995). Due to the nature ofthe data

described above, only cesium -137 data were

used in Appendix A.

F.5.1 L -LAKE SEDIMENT DATA USED IN

THE HUMAN HEALTH EVALUATION

F.5.2 L -LAKE SEDIMENT DATA USED IN

THE ECOLOGICAL RISK ASSESSMENT

Validated analytical data from three of the data

sets described abovewere combined for use in

the Human Health Evaluation in this FinalEIS

(Dunn andMartin 1997a). The first data set

included the 0-1-foot (0-0.3 meter) segments

from 1995 sediment cores collected from

shallow and deep -water locations in L - Lake

(Koch,Martin , and Friday 1996). Secondly ,

0-0.5-foot (0-0.15-meter) samples collected in

submerged portions ofthe L -Lake basin as part

of Phase I sampling were included in the data

set (Dunn, Gladden, and Martin 1996). Third,

0-1-foot (0-0.3 -meter) segments from 1996

Phase II sediment cores in submerged portions

of L -Lakewere included in the data set (Dunn

1996 ). Again , these data, both radiological and

nonradiological,were combined into a single

database prior to use in the evaluation. All

constituents with 100 percentnon -detects were

then removed from the database . Additionally ,

if any constituent had an analytical result greater

than the detection limit and with no data

disqualifier, then the constituent was retained in

the database. Also, reference soil data for the

For the ecological risk assessment, 0-0.5 -foot

(0-0.15-meter) Phase I sediment samples from

both the floodplain and stream channel beneath

L -Lake were used to obtain contaminant

concentrations, both radiological and

nonradiological (Dunn,Gladden, and Martin

1996 ). This is the horizon of sediments that

terrestrial receptors may be exposed to when

water levels recede or fluctuate. Only validated

data were included in the data set (Dunn and

Martin 1997b). All sample results were

retained , and constituents with 100 percentnon

detects were excluded from the data set.

However, when a contaminant waspresent in

one sample above the detection limit and did not

possess a data disqualifier, one-half the

detection limit was used for all non -detects of

that constituent.
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remediat
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ACRONYMS, ABBREVIATIONS, AND USE OF SCIENTIFIC NOTATION

Acronyms

AEC

AIFRA

CEQ

CERCLA

CFR

CMS/FS

COC

COPC

CX

DOE

EA

EEC

EIS

EPA

ERA

FERC

U.S. Atomic Energy Commission

American Indian Religious Freedom Act

Council on Environmental Quality

Comprehensive EnvironmentalResponse, Compensation,and Liability Act

Code of FederalRegulations

CorrectiveMeasures Study/Feasibility Study

Contaminants of Concern

Contaminants of Potential Concern

Categorical Exclusion

U.S.Department of Energy

EnvironmentalAssessment

Environmental Evaluation Checklist

Environmental Impact Statement

U.S. EnvironmentalProtection Agency

Ecological Risk Assessment

Federal Energy Regulatory Commission

Federal Facility Agreement

Federal Register

Hazardous Waste Remedial Action Program

Hazard Index

High-purity germanium

Hazard Quotient

Integrator Operable Units

Lowest Observable Adverse Effects Level

Multimedia Environmental Pollutant Assessment System

NationalOil and Hazardous Substances Pollution Contingency Plan

National Environmental Policy Act

NationalMarine Fisheries Service

No Observable Adverse Effects Level

National Pollutant Discharge Elimination System

Nephelometer turbidity units

Operation and Maintenance

FFA

FR

HAZWRAP

HI

HPGe

HQ

IOU

LOAEL

MEPAS

NCP

NEPA

NMFS

NOAEL

NPDES

NTU

O & M
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PCB

PM10

RCRA

RFIRI

RGO

ROD

SCDHEC

SE

Polychlor
inated

Biphenyl
s

Particulat
e
matter less than 10 microns in diameter

Resource Conservat
ion

and Recovery Act

RCRA Facility Investiga
tion

/Remedia
l
Investiga

tion

RemedialGoal Options

Record ofDecision

South Carolina Departme
nt

ofHealth and Environm
ental

Control

Site Evaluatio
n

Special Environm
ental

Analysis

Severe Effects Level

Savannah River Site

Sanitary Wastewat
er

Treatmen
t
Plant

Target Analyte List

Total Chlorinat
ed

Hydrocar
bon

Organics

Toxicity Reference Value

Total Suspende
d

Solids

U.S. Army Corps of Engineers

SEA

SEL

SRS

SWTP

TAL

TCL

TRV

TSS

USACE

Abbrevi
ations

for Measu
rement

s

cfm

cubic feet per
minute

cubic feet per second = 448.8 gallons perminute = 0.02832 cubic meter per

second
cfs

cm

g

gpm

kg

L

centimeter

acceleration of gravity = 32.17 feetper square second

gallons perminute

kilogram

liter = 0.2642 gallon

pound = 0.4536 kilogram

milligram

micron

1b

mg

р

microcurie

uCi

ug

pСі

microgram

picocurie

degrees Celsius = 5/9 (degrees Fahrenheit – 32)

degrees Fahrenheit = 32 +975 (degrees Celsius)

° C

° F
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Use of Scientific Notation

Very small and very large numbers are sometimes written using “ scientific notation ” or“ E -notation ”

rather than as decimals or fractions. Both types ofnotation use exponents to indicate the power of 10 as

a multiplier (i.e., 10n, or the number 10 multiplied by itself “ n” times; 10-n , or the reciprocal of the

number 10 multiplied by itself “ n” times).

For example: 103 = 10 x 10 x 10 = 1,0001

10-2 = = 0.01

10 x 10

In scientific notation, large numbers are written as a decimalbetween 1 and 10 multiplied by the

appropriate power of 10:

4,900 is written 4.9 x 103 = 4 :9 x 10 x 10 x 10 = 4.9 × 1,000 = 4,900

0.049 is written 4.9 x 10-2

1,490,000 or 1.49 million is written 1.49 x 106

A positive exponent indicates a numberlarger than or equalto one,a negative exponent indicates number

less than one.

In somecases,a slightly differentnotation (“ E-notation”)is used,where “ x 10” isreplaced by “ E” and

the exponent is not superscripted. Using the above examples

4,900 = 4.9 x 103 = 4.9E + 03

0.049 = 4.9 x 10-2 = 4.9E -02

1,490,000 = 1.49 x 106 = 1.49E + 06
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GLOSSARY

accretion

The gradual addition ofnew land to old by deposition of sedimentcarried by the water of a

stream .

activity

See radioactivity.

adsorption

The adhesion (attachment) of a substance to the surface of a solid or solid particles.

aggregate

Any of several hard, inertmaterials such as sand or gravel used formixing with a cementing

material to form concrete,mortar, or plaster .

air dispersion coefficients

Parameters that represent the dispersion ofair pollutants with respect to distance from the

source .

air quality

A measure of the levels of constituents in the air; they may or may not be pollutants.

air quality standards

The prescribed level of constituents in the outside air (ambient air) that should not be exceeded

legally during a specified time in a specified area. (See criteria pollutant.)

air
sampling

The collection and analysis of air samples for the purpose ofmeasuring pollutants.

alluvial

Deposited by a stream or running water.

ambient air

The surrounding atmosphere, usually the outside air, as it exists around people, plants, and

structures. It is not the air closest to emission sources.

anaerobic

Environments that are lackingmolecular or dissolved oxygen.

annulus

The space between the two walls of a double-wall tank.

anoxia

Depletion of oxygen.

aqueous

Made from , with , or by water .
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aquif
er

A geologic formatio
n

that contains enough saturate
d
, porousmateria

l
to permit moveme

nt
of

groundw
ater

and to yield groundw
ater

to wells and springs.

atmosphe
re
The layer of air surround

ing
the Earth .

Atomic Energy Commiss
ion

(AEC )

A five -member commiss
ion

establis
hed

after World War II to supervis
e
the use of nuclear

energy. TheAEC was dissolve
d

in 1975 and its function
s

transfer
red

to the Nuclear Regulato
ry

Commiss
ion

(NRC) and the Energy Research and Develop
ment

Adminis
tration

(ERDA),which

later became the Departm
ent

of Energy (DOE).

background exposure

See exposu
re

to radiati
on

.

backgr
ound radiatio

n
Normal radiation present in the lower atmosph

ere
from cosmic rays and earth sources.

Backgro
und

radiatio
n

varies conside
rably with location dependi

ng
on elevatio

n
above sea level

and naturalradioact
ivity

presentin the earth or building materia
ls such as granite.

baseline
Assessme

nt
of existing condition

s
before the addition of pollutant

s
.

benthic

Associat
ed

with the bottom ofa body ofwater or living in the bottom sedimen
ts, as in “benthic

organism ."

benthic macroinver
tebrate

An animal that lives in or on the bottom , that is visible to the naked eye, and has no vertebral

column (backbon
e
), such as the aquatic larvae of insects (mayflie

s
and caddisfl

ies
) and adult

mollusk
s

(clams and mussels).

benthic region

The bottom of a body ofwater. This region supports the benthos, a type of life that not only

lives on but contribu
tes to the characte

r of the bottom of the body ofwater.

biodiversityThe variety oforganism
s
which inhabit a particular area.

biologic
al

dose
The radiation dose,measured in rem , absorbed in biologica

l
material.

biota

The plant and animallife of a region .

blackwater stream

stream containin
g
dark-colored water due to high levels oftannic and/orhumic acid from leaf

litter and detritus.
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blending credit

The amount of dilution expected when wastewater is discharged into a water source such as a

river or stream .

bottomland

Lowland formed by alluvialdeposit along a stream or in a lake basin .

bottomland hardwood forest

Forested wetlandscontaining a predominance ofhardwood species such as oak, hickory,

sweetgum , tulip poplar,bald cypress, and blackgum found adjacent to streamsand rivers in the

southeastern United States.

° C

Degree Celsius.°C = = *(°F- 32).

cancer

A malignanttumor of potentially unlimited growth, capable of invading surrounding tissue or

spreading to other parts of the body.

carcinogen

An agent capable of producing or inducing cancer.

carcinogenic

Capable of producing or inducing cancer .

Carolina Bay

Shallow depressional wetland area found on the southeastern Atlantic Coastal Plain.

catchmentbasin

A basin to catch drainage or runoff.

categorical exclusion

A NEPA term as defined by the Council on Environmental Quality as an action thatdoes not

individually or cumulatively have a significant effect on the human environment.

Category 2 species
Plant or animal species for which there is some evidence ofvulnerability, but for which presently

there is notenough data to support listing asthreatened or endangered.

celsius

Of or relating to a temperature scale that registers thefreezing pointofwater as 0°C and the

boiling point as 100° C under normal atmospheric pressure.

Citizens Advisory Board
A formally chartered group of local private citizens who provide DOEwith a consensus of

public opinion on SRS issues.

collective dose

The sum of the individual doses to allmembers of a specific population.
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-

colloca
ted

To place together in proper order.

committed dose equivalen
t

The dose equivale
nt

calculat
ed

to be received by a tissue or organ over a 50-year period after the

intake of a radionuc
lide

into the body.

committ
ed

effective dose equivale
nt

The sum of the committ
ed

dose equivale
nts

to various tissues in the body .

concen
tratio

n

The quantity of a substanc
e

containe
d

in a unit quantity of a medium (e.g.,microgr
ams

of

aluminu
m

per liter ofwater).
1

condensat
e

Liquid water obtained by cooling the steam produce
d in an evaporat

or
system .

confiden
ce

level

The certainty of a particul
ar

point (measure
ment

, amount,value) being within a statistica
lly

determi
ned

range.

confini
ng

unit

A geologic strata which, because of its position and its impermea
bility

or low permeabi
lity

relative to the aquifer, gives the water in the aquifer artesian head.

confluence

The pointwhere two streamsmeet.

constituents

Parts or componen
ts

of a chemical system .

cooling water

Waterwhich is pumped into a nuclear reactor to cool componen
ts

and prevent damage from the

intense heat generated when the reactor is operating.

correctivemeasures study

An evaluation of various remedial alternativ
es

.

criteria pollutant
Air pollutant

s
for which the U.S. Environm

ental
Protectio

n
Agency has establishe

d

concentra
tion

standards; concentra
tions

below the standardsdo not pose a threat to public health

and welfare.

cross section

A profile portrayi
ng

an interpret
ation

of a vertical section ofthe earth explored by geophysic
al

or

geologic method
s.

cumulative effects

Additive environ
mental,health , or socioec

onomic effects that result from a number ofsimilar

activitie
s in an area.
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curie (Ci)

A unit ofmeasure of radioactivity equal to 37,000,000,000 decays per second . A curie is also a

quantity of any nuclide ormixture of nuclides having one curie ofradioactivity.

deactivation

To cease operation .

decay, radioactive

The spontaneous transformation ofone nuclide into a differentnuclide or into a different energy

state of the samenuclide. The process results in the emission of nuclear radiation (alpha, beta,

gamma, or neutron radiation ).

decisionmaker

Group or individual whose responsibility is to make a decision concerning the future of the River

Water System .

delta

A deposit of sediment, usually triangular in shape, at themouth ofa river, stream , or tidal inlet.

de minimus

Maximum plant-wide air emission ofthe toxic chemical that will not require furthermodeling

review .

dose

The energy imparted to matter by ionizing radiation . The unit of absorbed dose is the rad, equal

to 0.01 joules per kilogram of irradiated material in any medium .

dose conversion factor

Factor used to calculate the cancer risk for a radiation dose .

dose
equivalent

A term used to express the amountofeffective radiation when modifying factors have been

considered. It is the product ofabsorbed dose (rads)multiplied by a quality factor and other

modifying factors. It is measured in rem (Roentgen equivalentman ). (See effective dose

equivalent.)

dose rate

The radiation dose delivered per unit time (e.g., rem per year).

drawdown ( 1)Theheight difference between the water level in a formation and thewater level in a well caused

by the withdrawalofground water.

drawdown (2)

To reduce the water level in a lake .

dry layup
Layup condition where the pipe distribution system is allowed to drain. No effort ismade to

pump low points dry , and inspections of distribution piping would continue.
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IVTOM

HONNEecology

The study of the relatio
nships

betwee
n

living things and their environ
ments

.

ecosyste
m

The commun
ity

of living things and the physica
l
enviro

nment
in which they live .

ecotone

The transitio
nal

area between two ecologic
al

communi
ties

(e.g.,between a grasslan
d
and a

forest).

CUSIO

TC

effective dose equivalen
t

A quantity used to estimat
e
thebiologi

cal
effect of ionizin

g
radiatio

n
. It is the sum over all body

tissues ofthe product of absorb
ed dose, the quality factor (to accoun

t for the differe
nt penetrat

ing

abilitie
s ofthe various typesofradiati

on ), and the tissue weight
ing factor (to account for the

differe
nt radiosen

sitiviti
es

of the various tissues of the body) .

effluent

A liquid discharg
ed

into the environ
ment

, usually into surface streams. In this EIS, effluent

refers to discharg
ed

wastes that are nonpoll
uting

in their natural state or as a result of treatmen
t
.

effluent standard
s

Defined limits ofwaste discharg
e

in terms of volume, contentofcontami
nants

, temperat
ure

, etc.

EIS

Environ
mental

impact stateme
nt

;a legal docume
nt

required by the Nationa
l
Environm

ental

Policy Act (NEPA) of 1969, for Federal actions involvin
g
signific

ant
or potentia

lly
significa

nt

environ
mental

impacts.

embankmen
t

A ridge of earth or stone to prevent water from passingbeyond a desirabl
e
limit.

emission standards

Legally enforcea
ble

limits on the quantitie
s
and kinds of air contami

nants
thatmay be emitted to

the atmosph
ere

.

endangered speciesPlant or animalspecies that are threatened with extinctio
n
.

environment

The sum of all externalconditi
ons and influenc

es
affectin

g
the life,develop

ment
, and ultimatel

y
,

the survival of an organism .

environmenta
l
justice

The fair treatme
nt

of people of allraces, cultures, incomes, and educati
onal

levels with respect to

the develop
ment

,impleme
ntation

, and enforce
ment

of environ
mental

laws, regulati
ons

, and

policies. Fairtreatme
nt

implies that no populati
on

of people should be forced to shoulder a

dispropo
rtionate

share of the negative environ
mental

impacts of pollutio
n

or environm
ental

hazards due to a lack of political or economi
c

strength .
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environmentalrestoration

To restore an area to the natural state which existed before it was degraded by human activity.

environmental transport

Themovement through the environmentof a substance, including the physical, chemical,and

biological interactions undergone by the substance .

TCepilimnion

The upper,warmer layer of a stratified lake. L12-06

erosion

The process in which actions ofwind orwater carry away soil.

euphotic zone

The upper layer of a body ofwater that is penetrated by Sunlight, this includes the littoral and

limnetic zones.

eutrophic

A water body which has become enriched with excessive amounts of plant nutrients (such as

nitrates and phosphates) and is characterized by excessive growth ofaquatic plants.

exceedance

A value over a prescribed limit.

exposure to radiation

The incidence of radiation on living orinanimate materialby accident or intent. Background

exposure is the exposure to naturalbackground ionizing radiation . Occupationalexposure is the

exposure to ionizing radiation that occurs during a person's working hours. Population exposure

is the exposure to a number ofpersonswho inhabit an area .

external radiation

Being exposed to radiation from sources outside yourbody.

° F

9

Degree Fahrenheit. °F = °C * Ž

+ 32 .

facies

A
group ofrocks that differ from surrounding rocks.

facultative (wetland species)

Taking place under someconditions but not others.

fall line
An imaginary line drawn through the falls (or rapids) of successive rivers and roughly defining

the area where streams pass from the harder rocks of the Piedmontto the softer rocks of the

Coastal Plain .
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fallout

The descentto earth and deposit
ion

on the ground of particul
ate

matter (which is usually

radioac
tive) from the atmosp

here .

fault

A break in the Earth's crust along which movem
enthas occurre

d
.

fauna

Animals .

feasibili
ty study

A detailed technica
l
, economi

c
,and legalreview of a specific propose

d
project at a particula

r

location . A feasibili
ty

study outlines all potentia
l
costs, benefits, and problem

s
.

fiscal year

Period of one year used to calculat
e

financial data. As defined by the Federal governm
ent

, this

EIS uses a fiscal year which begins on October 1 and ends on Septemb
er

30.

floodplain

The relative
ly

smooth valley floors adjacen
t

to and formed by rivers subject to overflo
w .

flora

Plants .

fluvial
Relating to or living in , or near a river .

fold

A bend in geologic strata .

full pool

The highest water level reached in a lake without overflow of the embankm
ents

.

gammarays

High -energy, short-wavelen
gth

electrom
agnetic

radiatio
n
accompa

nying
fission, radioacti

ve

decay,or nuclear reaction
s
. Gamma raysare very penetrat

ing
and require relativel

y
thick shields

to absorb the rays effective
ly

.

genus/generaA group of structural
ly

or phylogene
tically

related species.

geology

The science thatdeals with the Earth : thematerials, processes, environm
ents

,and history of the

planet, especially the lithosphe
re

, including the rocks and their formation and structure.

groundw
aterThe supply of fresh water in an aquifer under the Earth's surface .

groundwat
er

percolatio
nThe gravity flow ofwater through pores in underlyin

g
rock or soil into groundwa

ter
.
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half-life (radiological)

The time in which half the atomsof a radioactive substance disintegrate to another nuclear form .

Half-lives vary from millionthsof a second to billions of years.

hazard index

The sum ofmore than one hazard quotient for multiple substances and/or multiple exposure

pathways. The hazard index is calculated separately for chronic, subchronic, and shorter

duration exposures.

hazard quotient

The ratio of a single substance exposure level over a specified period of time (e.g., subchronic)

to a reference dose for that substance derived from a similar exposure period .

head

As related to waterwells, the pressure ofa fluid upon a unit area due to the heightatwhich the

surface of the fluid stands above the point at which the pressure is determined .

headwaters

The source and upstream waters ofa river or stream .

hydraulic conductivity
The ability ofwater to movethrough an aquifer, also the ratio of the flow velocity to driving

force for viscous flow under saturated conditionsof groundwater.

hydraulic gradientAs applied to an aquifer it is the rate of change of pressure head per unitofdistance of flow at a

given point and in a given direction .

hydrogeologic

Pertaining to the rockswhich bear water in the subsurface.

hydrostratigraphy

Names used to identify the water-bearing properties of rocks.

hypolimnion

The lower, cooler water layer found in stratified lakes.

impoundment

An enclosed reservoir of water.

incision depth
Depth that a river or creek has cut down into the earth's surface.

infrastructureItems that were once important parts of the processes with which SRS accomplis
hed

its missions.

inhibited water
Water treated with chemicals to retard or halt corrosion , especially ofmetals.
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in situ -- 1

In the original locatio
n .

instituti
onal

controls

Actions that limit human activitie
s
at or near facilitie

s
where hazardo

us
and/or radioacti

ve

wastes exist. They may include land and resource use restrict
ions

, well drilling prohibiti
ons

,

building permit restricti
ons

,and other types of restrict
ions

.

Integra
tor

Operabl
e
Units

Contami
nated

stream systems on the SRS that are also classed as RCRAI
CERCL

A
units. IOUS

have multiple contamin
ation

in their watersh
eds

.

interim status

The period of operatio
n

for facilitie
s
that require RCRA permits until the permitti

ng
process is

complet
e
.

internal radiationBeing exposed to radioact
ive

material
s

inside the body.

isotope

An atom of a chemica
l
element with a specific atomic number and atomic mass. Isotopes of the

same elementhave the samenumber of protons but differen
t
number

s of neutrons. Isotopes are

identifie
d
by the nameof the element and the totalnumber of protons and neutron

s
in the

nucleus. For example,plutoniu
m

-239 is a plutoniu
m

atom with 239 protons and neutrons.

jockey pump

A small,efficient pump used in place of larger pumps to maintai
n the River Water System .

lacustrinePertainin
g
to, formed in or produced by a lake or lakes.

latent cancer fatalities
Deaths resulting from cancer that has become active followin

g
a period of inactivity.

layup

To maintain portions of the River Water System in a predete
rmined state of readiness,retaining

the capabilit
y

for restart in a timefra
me

that varies inversel
y
with the state of readines

s
.

limnetic zone
The open -water zone of a lake or reservoir to the depth of light penetrati

on .

littoral zone

The shallow -water zone of a pond,lake,or reservoir where light penetrate
s

to the bottom .

Typically occupied by rooted plants in natural (undisturb
ed

) systems, butnot as a rule in

managed systems, such as flood-control impoundm
ents

.

lotic

Pertaining to flowing water .
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low -income communities

A community in which 25 percent ormore of the population is identified as living in poverty .

lower limit of detection

The smallest concentration /amountofthe component beingmeasured that can be reliably

detected in a sample at a 95 percent confidence level.

macrophyte

An aquatic vascular plant.

maximally exposed individual

A hypotheticalmember of the public assumed to receive the highest calculated dose .

mesotrophic

Describes a body of water with amoderate nutrient content (compares to eutrophic and

oligotrophic ).

metalimnion

In a stratified lake, the transitional zone between the hypolimnion and the epilimnion where the

change in temperature with depth is themost rapid . Also referred to as the " thermocline.”

micron

A micrometer (10-6 meters).

migration

The natural travel of a materialthrough the air, soil, or groundwater.

Miocene

Fourth of the five epochs ofthe Tertiary period (more recent than Eocene).

mobility

The ability of a chemicalelement or a pollutant tomoveinto and through the environment.

morbidity risk

The frequency with which exposed individualswould contract both fatal and non-fatal cancers.

mortality risk

The frequency with which exposed individuals die from induced cancer.

mothball

To place andmaintain facilities in a condition practical to restart, conducting only those

activities necessary for routine maintenance or to protecthuman health and the environment.

natural radiation or natural radioactivity
Background radiation . Some elements are naturally radioactive,whereas others are induced to

become radioactive by bombardment in a reactor or accelerator.

natural recharge

rivers ;

To fill andmaintain a water body from the natural flow of sources such as streams,springs, or

as opposed to pumping water from one of these sources.
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*

NEPA

Nation
al Enviro

nmenta
l
Policy Act of 1969; it require

s
the prepara

tion of an EIS for Federal

project
s that could present signifi

cant impacts to human health or the enviro
nment.

nonpr
ocess

water

At SRS, potable water.

NRC

Nuclea
r
Regulat

ory
Commis

sion
; the indepe

ndent Federa
l commis

sion that licenses and

regulat
es

commer
cial

nuclear facilitie
s
.

nuclear energy

The energy liberated by a nuclear reactor (fission or fusion ) or by radioact
ive

decay .

nuclear powerplant

A facility that converts nuclear energy into electric
al
power. Heat produced by a reactor isused

to make steam to drive a turbine which drives an electric generato
r
.

nuclear radiation

Radiati
on

, usually alpha, beta, gamma, or neutron ,which emanat
es

from an unstabl
e atomic

nucleus.

nuclear reactor

A device in which a fission chain reaction is maintai
ned

andwhich is used for irradiati
on

of

material
s
or the generati

on
of electrici

ty
.

nutrient loading

The amount of plantnutrient
s
(such as nitrates or phospha

tes
) released into a receivin

g
stream ,

either from human or naturalsources.

offsite population
In this EIS, all individu

als located within an 80-kilomete
r

(50 -mile) radius of SRS.

oligotrophic

Describe
s
a body ofwater with a low nutrient content(compar

es to eutrophi
c
and mesotrop

hic
).

operabl
e

units
CERCLA defined area being investiga

ted
for environm

ental
remediati

on
.

organic compounds
Chemical compoun

ds
containin

g
carbon and usually hydrogen and/or oxygen .

outcrop

Place where groundw
ater is discharg

ed tothe surface. Springs, swamps, and beds of streams

and rivers are outcrops of the water table .

outfall
Place where liquid effluents enter the environm

ent
andmay bemonitore

d
.
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Paleozoic

First of two eras of geologic time, the other being theMesozoic.

particulates

Solid particles small enough to become airborne.

people of color communities

A population that is classified by the U.S. Bureau of the Census as Black, Hispanic,Asian and

Pacific Islander, American Indian , Eskimo, Aleut,or other nonwhite persons, the composition of

which is at least equal to or greater than the stateminority average of a defined area or

jurisdiction .

percent attainment

Percent of the time a facility is available for operations.

perched

A water- bearing area of small lateral dimensions lying above amore extensive aquifer.

periphyton

Organisms, such as attached algae, that live on rocks, submerged logs, stemsand leaves of

aquatic plants, and other substrates in aquatic habitats.

permeability

Ability of rock, soil, or other substance to transmit a fluid .

person -rem

The radiation dose to a given population ;the sum ofthe individual doses received by a

population segment.

PH
A measure of the hydrogen ion concentration in aqueous solution. Pure water has a pH of7,

acidic solutions have a pH less than 7, and basic solutionshave a pH greater than 7 .

photosynthesisA process in green plants during which light energy is converted to chemical energy. During this

process, oxygen is released.

physiographic

Regions classified based on their physical geographic and geologic setting .

Piedmont
Geographi

c region of the Appalachia
ns that is characteriz

ed by plains formed by the coalescing

of alluvial fans.

plankton
Minute organismsin ponds,lakes, and reservoirs that float with the currents, and whose

movements and distribution are largely determined by currents. Phytoplankt
on

are floating

plants(e.g., algae); zooplankto
n are floating animals (e.g.,microscop

ic crustaceans).
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plume

The elongat
ed pattern of contam

inated air orwater origina
ting at a point source, such as a

smokes
tack or a hazard

ous waste disposa
l

site .

polluti
on

The additio
n ofany undesir

able agent to an ecosyst
em

in excess of the rate atwhich natural

process
es

can degrad
e, assimil

ate,or dispers
e

it.

porosity
The ratio ofthe total void space in rock or soil to its totalvolume.

postula
ted

accide
nt

An accident that is forwarde
d

as having occurred to produce the describe
d

effects.

potabl
e

Drinkabl
e
; for domesti

c
use.

potentiom
etric map

A represen
tation

of the subsurfa
ce

with contours, showing the elevatio
ns

to which waterwould

rise by hydrosta
tic

pressure .

privatiz
ation

The transfer of governm
ent

operatio
ns

to the private sector. This is a long-term goal formany

of the operatio
ns

at SRS.

proces
s
well/water
At SRS, water used within a system or process and not used as potable water.

pro- deltaic

In referenc
e to rocks or sedimen

ts deposite
d
at sea in advance ofthe river delta.

producti
on

well/water

At SRS, water treated and used as potable water.

rad

Radiatio
n
absorbe

d dose; the basic unit of absorbe
d
dose equalto the absorpti

on
of 0.01 joules

per kilogram of absorbin
g
materia

l.

radiation shielding

Reductio
n
of radiation by interpos

ing
a shield ofabsorbi

ng
materia

l
between a radioacti

ve
source

and a person .

radioactivity

The spontan
eous decay of unstable atomic nuclei, accomp

anied by the emission ofradiation.

radioiso
topes

Radioact
ive

isotopes. Someradioiso
topes

are naturally occurri
ng(e.g.,potassi

um -40),while

others are produce
d by nuclear reaction

s
.
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receivingwaters

Rivers, lakes, oceans, or otherbodies ofwater into which treated or untreated waste waters are

discharged.

recharge

Process by which water is absorbed to or added to the subsurface water supply or to the streams

of the area.

Record ofDecision (ROD)

A document that provides a concise public record ofDOE's decision on a proposed action for

which as EIS was prepared. A ROD identifies the alternatives considered in reaching the

decision, the environmentally preferable alternative(s), factors balanced by DOE in making the

decision, whether all practicable means to avoid or minimize environmental harm have been

adopted, and if not, why the were not.

redox potential

An expression ofthe oxidizing or reducing potential of water from a particular source; this

serves as an indicator of the state or form in which chemicals will occur. For example, reduced

iron is soluble in water while oxidized iron precipitates as iron oxide(rust). Therefore, redox

conditions can alter the environmental mobility and other properties of some chemicals.

--

rem (Roentgen equivalentman )

The unit of dose for biologicalabsorption . It is equal to the product of the absorbed dose in rads

and a quality factor and a distribution factor.

remedialinvestigation

A detailed technical study of the type and extent ofcontamination ata particular site, including

alternatives for cleanup.

riparian

Pertaining to the banks of a body ofwater.

risk

In accident analysis, ameasure ofthe impact of an accidentconsidering the probability of the

accident occurring and the consequences if it doesoccur ( risk = probability \ consequences).

risk
assessment

An analytical study ofthe probability and magnitude ofharm associatedwith a physical or

chemicalagent, activity , or occurrence. A risk assessmentdefines the risk posed to human

health and/or the environment by the presence of certain pollutants.

risk -based
analysis

See risk assessment.

runoff The portion of rainfall,melted snow, or irrigation water that flows across the ground surface and

eventually is returned to water bodies. Runoff can carry pollutants or harmless chemical

constituent
s into receiving waters.
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scrub -shrub wetlands

Wetland areas dominated by woody vegetation less than 6 meters (20 feet) tall, including shrubs,

young trees,and trees and shrubs that are smallor stunted due to environmentalconditions.

sedimentation

The settling of excess soil and mineral solids of small particle size (silt) contained in water.

seepage basin

An excavation that receives wastewater. Insoluble materials settle out on the floor of the basin

and soluble materials seep with the water through the soil column where they are removed

partially by ion exchange with the soil. Construction may include dikes to prevent overflow or

surface runoff.

semivolatiles

Organic substances that partially evaporate at normal temperatures and pressures .

seston

TC
The tiny plants and animals (i.e.,plankton )and the nonliving particulate matter floating in a

body of water.

shield

Materialused to reduce the intensity of radiation thatwould irradiate personnel or equipment.

silt

Sediments with particle sizes between sand and clay.

siltation

The actofdepositing sediment, as by a river.

slope factor

Radionuclide-specific lifetime average cancer incidence risk factors per unit intake or exposure

usually expressed in picocuries for inhalation and ingestion pathways and picocuries per gram

for direct exposure from contaminated soil.

solvent

A substance , usually liquid , that can dissolve other substances.

stakeholder

Any person or organization with an interest in or affected byDOE activities. Stakeholders may

include representatives from Federal agencies,State agencies,Congress,Native American

Tribes, unions, educational groups, industry, environmental groups, other groups, andmembers

of the general public.

standby (cold standby)

Facility ismaintained in a protected condition to prevent deterioration such that it can bebrought

back into operation .

strata

A series of individual sedimentary beds or layers .
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stratigraphy

Branch of geologic science concerned with the description , organization , and classification of

layered rock units and associated non- layered rock units.

substratum

In reference to the layer of soil directly below the top soil.

Superfund

A trust fund established by the Comprehensive Environmental Response, Compensation,and

Liability Act and amended by the Superfund Amendmentand Reauthorization Act that finances

long-term remedial action for hazardous waste sites.

surface water

All the water on the Earth's surface (streams, ponds, etc.), as distinguished from groundwater,

which is below the surface.

surficial deposit

Most recent geological deposit lying on bedrock or on ornear the earth's surface.

terrain

Area of ground considered as to its extent and natural features in relation to its use in a particular

operation .

thermal stratification

Well-defined horizontal water temperature zones in a lake or pond.

topography

The general configuration of a surface including its relief. This term may apply to a land or

water -bottom surface.

toxicity

The quality or degree of being poisonous or harmful to plant or animal life.

transmissivity

The ability of aquifer to transmitwater through the vertical plane of an aquifer.

Triassic

The early ( i.e., oldest ) of three periods of geologic timewithin the Mesozoic Era.

turbidity

Thedegree to which water is muddied or clouded by suspended sediments.

vadose zone

The volumeofrock and soil that is above the saturated zone.

volatile organic compounds
An organic compound with a vapor pressure greater than 0.44 pounds per square inch at standard

temperature and pressure .
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volatilized

Caused to pass off as a vapor.

waste acceptance criteria

Criteria put forth by a waste management facility which defines the waste it will accept.

waste certification criteria

Criteria thatmust bemet for transport, treatment, and disposal ofwaste .

waste minimization

Reduction ofwaste before treatment, storage, or disposal by source reduction or recycling

activities.

water quality standard

Provisions of state or Federal law that consist of a designated use or uses for the waters of the

United States andwater quality standards for such waters based upon those uses. Water quality

standards are used to protect the public health or welfare, enhance the quality ofwater,and serve

the purposes of the Clean Water Act.

watershed

The area drained by a given stream .

wind rose

A map showing the direction and magnitude of the wind .
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A. UNITE
D
STATE

S
CONGR

ESS

A.1

Senators from Affected and Adjoinin
g

States

The Honorable Max Cleland

United States SenateThe Honorabl
e PaulCoverdel

l

United States Senate

The Honorable Strom Thurmond

United States SenateThe Honorable Ernest F.Hollings

United States Senate

A.2

United States Senate Committ
ees

The Honorable Strom Thurmond

Chairman

Committee on Armed Services

The Honorable Carl Levin

Ranking Minority Member

Committee on Armed Services

The Honorable Ted Stevens

Chairman

Committee on Appropriation
s

The Honorable Robert C.Byrd

Ranking Minority Member

Committee on Appropriati
ons

The Honorable Robert Smith

Chairman

Subcommittee on Strategic Forces

Committee on Armed Services

The Honorable Jeff Bingamar

RankingMinority Member

Subcommittee on Strategic Forces

Committee on Armed Services

The Honorable Pete V. Domenici

The Honorable Harry Reid

Chairman

RankingMinority Member

Subcommi
ttee

on Energy and Water

Subcommit
tee

on Energy and Water

Developme
nt

Development

Committee on Appropriation
s

Committee on Appropriation
s

A.3 United States House ofRepresenta
tives

from Affected and

Adjoin
ing States

The Honorable James E.Clyburn

U.S. House ofRepresentatives

The Honorable Cynthia McKinney

U.S. House ofRepresenta
tives

The Honorable Nathan Deal

U.S. House ofRepresentativ
es

The Honorable Charlie Norwood

U.S. House ofRepresentat
ives

The Honorable Lindsey Graham

U.S. House of Representativ
es

The Honorable Mark Sanford

U.S. House ofRepresenta
tives

The Honorable Jack Kingston

U.S.House of Representatives

The Honorable Floyd Spence

U.S. House of Representatives
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The Honorable John M.Spratt, Jr.

U.S. House ofRepresentatives

A.4
United States House of Representatives Committees

The Honorable Floyd Spence

Chairman

Committee on National Security

TheHonorable Ronald V. Dellums

Ranking Minority Member

Committee on National Security

The Honorable Bob Livingston

Chairman

Committee on Appropriations

The Honorable David Obey

Ranking Minority Member

Committee on Appropriations

The Honorable Duncan Hunter

Chairman

Subcommittee on Military Procurement

Committee on National Security

The Honorable Ike Skelton

Ranking Minority Member

Subcommittee on Military Procurement

Committee on National Security

The Honorable Joseph M.McDade

Chairman

Subcommittee on Energy and Water

Development

Committee on Appropriations

The Honorable Vic Fazio

Ranking Minority Member

Subcommittee on Energy and Water

Development

Committee on Appropriations

B. FEDERAL AGENCIES

Mr. Don Klima

Director, Eastern Office

Advisory Councilon Historic Preservation

Chief

Office of Environmental Policy

U.S. Army Corps of Engineers

Mr. Robert Fairweather

Chief

Environmental Branch

Office ofManagement and Budget

Mr. Clarence Ham

Charleston District

U.S. Army CorpsofEngineers

Ms.Mary Elizabeth Hoinkes

GeneralCounsel

U.S. ArmsControl and Disarmament Agency

Colonel R. V.Locurio

Commander

Savannah District

U.S.Army Corps of Engineers

MajorGeneralR.M.Bunker

Division Engineer

South Atlantic Division

U.S. ArmyCorps of Engineers

Lt. Colonel James T. Scott

District Engineer

Charleston District

U.S.Army CorpsofEngineers

Mr. David Crosby

Savannah District

U.S. Army Corps of Engineers

State Conservationis
t

Natural Resources Conservation Service

U.S.Department of Agriculture
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Director

Southeast Region

National Marine Fisheries Service

NationalOceanic and Atmospheric

Administration

U.S. Department ofCommerce

Mr.Kenneth W.Holt

NEPA Coordinator

Centers For Disease Control and Prevention

U.S. DepartmentofHealth and Human Services

Mr. Willie R. Taylor

Director

Office of EnvironmentalPolicy and Compliance

U.S.Department of the Interior

Ms. Jane Bobbitt

Assistant Secretary

Legislative and Intergovernmental Affairs

U.S.Departmentof Commerce Mr. Glenn G.Patterson

District Chief

Water Resources Division

Geological Survey

U.S.Department of Interior

Mr. Larry Hardy

Area Supervisor

Habitat Conservation Division

SoutheastRegion

NationalMarine Fisheries Service

National Oceanic and Atmospheric

Administration

U.S. DepartmentofCommerce

Ms. Elizabeth A.Nolan

Director

Office of Intergovernmental and External

Affairs

U.S.Departmentof Energy

Mr. AndreasMager, Jr.

AssistantRegional Director

HabitatConservation Division

SoutheastRegion

National Marine Fisheries Service

National Oceanic and Atmospheric

Administration

U.S.Departmentof Commerce

Mr.Marte B.Kent

Director

Office of Regulatory Analysis

Occupational Safety and Health Administration

U.S.Departmentof Labor

Mr.MichaelW.Conley

Deputy Inspector General

Office of Deputy Inspector General for

Inspections

U.S.Department of Energy

Mr. Charles Oravetz

Chief

Protected SpeciesManagement Branch

Southeast Regional Office

National Marine Fisheries Service

National Oceanic and Atmospheric

Administration

U.S.Departmentof Commerce

Ms. Judith D.Gibson

Assistant InspectorGeneral for Policy , Planning

and Management

Office of Inspector General

U.S. Departmentof Energy

Mr.Waynon Johnson

Coastal Resource Coordinator

National Oceanic and Atmospheric

Administration

HAZMAT

AdmiralBruce Demars

Director

Office ofNaval Reactors

U.S.Department of Energy

Mr. Harold P. Smith , Jr.

Assistant to the Secretary for Nuclear and

Chemical and BiologicalDefense Programs

U.S. Departmentof Defense

Mr.GregMasson

U.S. Fish and Wildlife Service
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Mr. John G. Irwin

Forest Manager

Savannah River Forest Station

U.S.Department ofAgriculture

Mr. Jeff Crane

SRS Remedial ProjectManager

Region IV

U.S. Environmental Protection Agency

Mr. DanielA.Dreyfus

Director

Office ofCivilian Radioactive Waste

Management

U.S.Departmentof Energy

Mr. Rusty Jeffers

U.S. Fish & Wildlife Service

U.S. Department of the Interior

Mr.NealGoldenberg

Director

Office ofNuclear Safety , Policy and Standards

U.S.Department of Energy

Mr. Joseph R. Franzmathes

Assistant Regional Administrator

Office of Policy and Management

Region IV

U.S. Environmental Protection Agency

Ms.Mary Puckett

Albuquerque Operations Office

U.S.Department of Energy

Mr. David Holroyd

Federal Facilities Coordinator

Federal Activities Branch

Office of Policy andManagement

Region IV

U.S. Environmental Protection Agency

1

-
-
-

Mr. John E. Scorah

Operations Division

Office of the Deputy Assistant Secretary for

Nuclear Materials and Facility Stabilization

U.S. Departmentof Energy

Mr. Greer C. Tidwell

Administrator

Region IV

U.S. Environmental Protection Agency

Mr. Jeffrey M.Steele

Office ofNaval Reactors

U.S. Departmentof Energy

Mr.HeinzMueller

EnvironmentalPolicy Section

Federal Activities Branch

Office ofPolicy and Management

Region IV

U.S. EnvironmentalProtection Agency

Mr. Anthony Adduci

NEPA Compliance Officer

Oakland Operations Office

U.S. Departmentof Energy

Mr. Dave Huizenga

Office of Safety and Health

Office of the AssistantSecretary for

EnvironmentalManagement

U.S.Department of Energy

Ms. Camilla Warren

Chief

DOE RemedialSection

Region IV

U.S. Environmental Protection Agency

Mr. Thomas E.McNamara

Assistant Secretary

Bureau of PoliticalMilitary Affairs

U.S. Department of State

Mr. Carl J. Paperiello

Director

Nuclear Material Safety Safeguards

U.S.Nuclear Regulatory Commission

Mr.Mike Arnett

Region IV

U.S.Environmental
Protection Agency

Mr.Ken Clark

Region II Public Affairs Officer

U.S. Nuclear Regulatory Commission
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Mr.David W.Templeton

DOE-Richland
Technical Library

Battelle -Pacific Northwest Laboratories

(U.S. Department ofEnergy Laboratory ) Mr. Donald A.McClure

Los AlamosNational Laborato
ry

(U.S. Departm
entof Energy Laborator

y )

Mr. Bob Verlad

Chief Council

Argonne National Laborator
y

(U.S.Departme
nt

of Energy Laborator
y
)

Ms. Ann Pendergrass

Los Alamos National Laboratory

(U.S.Department of Energy Laboratory )

Argonne National Laboratory

(U.S.Departmen
t
of Energy Laboratory)

Ms. Jocelyn Mandel
l

Los Alamos Nationa
l Laborat

ory

(U.S. Departm
ent

of Energy Laborato
ry

)
Dr. Anthony Dvorak

Argonne NationalLaborator
y

(U.S.Departme
nt

of Energy Laborator
y
)

Mr. J. R. Trabalka

Oak Ridge National Laboratory

(U.S. Departmen
t
of Energy Laboratory)

Ms. Andrea Richmond

Oak Ridge Operations Office

Mr.Philip H.Kier

Argonne NationalLaborato
ry

(U.S.Departm
entof Energy Laborator

y
)

Ms.Mary Young

Sandia Laboratory

(U.S. DepartmentofEnergy Laboratory)

Ms. Mary Raivel

ArgonneNational Laborator
y

(U.S. Departme
nt

of Energy Laborato
ry

)

Mr.Richard H. Engelmann

Westinghouse Hanford

(U.S. Department of Energy Laboratory )

Dr.Libby Stull

ArgonneNational Laboratory

(U.S. Departmen
t
of Energy Laboratory)

Mr. Gregory P. Zimmerm
an

Oak Ridge Laborato
ry

(U.S. Departme
nt

of Energy Laborator
y
)

Mr. Steve Folga

Argonne NationalLaboratory

(U.S. DepartmentofEnergy Laboratory)

Mr. Alan Smith

Oak Ridge Laboratory

(U.S.Departmen
t
of Energy Laboratory )

Mr. Jeff Robins

Albuquerque Operations OfficeTechnicalLibrary

Argonne NationalLaboratory

(U.S. Departmentof Energy Laboratory )

C. STATE OF SOUTH CAROLIN
A

C.1

Statewide Offices and Legislature

The Honorable David M.Beasley

Governor of South Carolina

The Honorable Charles Condon

Attorney General

The Honorable Bob Peeler

Lieutenant Governor of South Carolina
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Ms. Omeagia Burgess

Grant Services

Office of the Governor

The Honorable Rudy M.Mason

South Carolina House ofRepresentatives

The Honorable Charles Sharpe

South Carolina House ofRepresentatives
Dr. Fred Carter

Senior Executive Assistant of Finance and

Administration

Office of Executive Policy and Programs

The Honorable Wilbur L. Cave

South Carolina House of Representatives

Ms. Robyn Zimmerman

Press Secretary

Office of the Governor

The Honorable James L.Mann Cromer, Jr.

South Carolina Joint Legislative Committee on

Energy

Mr. DouglasMcKay, III

Senior Executive Assistant for Economic

Development

Office of The Governor

The Honorable Phil P. Leventis

Chairman

Committee on Agriculture & NaturalResources

South Carolina Senate

1

Mr. Richard B. Scott, III

Office of the Governor

Division of Economic Development

The Honorable Thomas L.Moore

South Carolina Joint Legislative Committee on

Energy

Mr. Warren Tompkins

Chief of Staff

Office of the Governor

The Honorable Harvey S. Peeler, Jr.

South Carolina Joint Legislative Committee on

Energy

The Honorable Holly A. Cork

South Carolina Senate

The Honorable Thomas N. Rhoad

Chairman

Committee on Agriculture, NaturalResources &

Environmental Affairs
The Honorable Greg Ryberg

South Carolina Senate

The Honorable John Matthews, Jr.

South Carolina Senate

The Honorable John L. Scott

South Carolina Joint Legislative Committee on

Energy

The Honorable William Clyburn

South Carolina Senate

Research Director

South Carolina Joint Legislative Committee on

Energy

TheHonorable Thomas S. Beck

South Carolina House ofRepresentatives

C.2 State and LocalAgencies and Officials

The Honorable Fred B. Cavanaugh , Jr.

Mayor of Aiken

The Honorable H.Creech Sanders

Mayor of Barnwell

TheHonorable Robbie Dix

Mayor of Allendale

The Honorable Paul Parker

Mayor of New Ellenton
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The Honorable DavidM.Taub

Mayor of Beaufort

Chief

Bureau of Air Quality Control

South Carolina Department of Health and

EnvironmentalControlThe Honorable Jackie Holman

Mayor of Blackville

The Honorable Charles E.Riley

Mayor of Fairfax

Chief

Bureau ofDrinking Water Protection

South Carolina Department of Health and

Environmental Control

The Honorable John Rhoden , Jr.

Mayor of Hampton

The Honorable Thomas Peeples

Mayor ofHilton Head Island

Mr. Alton C. Boozer

Chief

Bureau of Environmental Quality ControlLabs

South Carolina Departmentof Health and

Environmental Control

The Honorable PaulK.Greene

Mayor of Jackson

The Honorable ThomasW.Greene

Mayor ofNorth Augusta

Chief

Bureau ofRadiologicalHealth

South Carolina Departmentof Health and

Environmental Control

The Honorable E. T.Moore

Mayor of Snelling

Mr. Ed Burgess

Aiken Regional Office

South Carolina Departmentof Commerce

The Honorable Thomas R.Rivers

Mayor of Williston

Dr. George Vogt

South Carolina Department of Archives and

History

Chief

Bureau of Solid and Hazardous Waste

Management

South Carolina Department of Health and

Environmental Control

Commissioner

South Carolina DepartmentofHealth and

Environmental Control

Mr. Alan Coffey

Bureau of Solid & Hazardous Waste

Management

South Carolina Department ofHealth and

EnvironmentalControl
Mr.M.K. Batavia, PE

South Carolina Department of Health and

EnvironmentalControl

Mr.Ronald Kinney

South Carolina Department of Health and

Environmental Control

Mr.G.Kendall Taylor

Division of Hydrogeology

Bureau of Solid and Hazardous Waste

South Carolina Department ofHealth and

Environmental Control

Ms. Sharon Cribb

Nuclear Emergency Planning

Bureau of Solid and HazardousWaste

South Carolina DepartmentofHealth and

Environmental Control

Ms.Myra Reece

Director, Lower Savannah District Office

South Carolina Department of Health and

EnvironmentalControl
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Aiken County Administrator
Chief

Bureau of Water Pollution Control

South Carolina Department of Health and

Environmental Control

Deputy Director

Water Resource Commission

State of South Carolina

Mr. Lewis Shaw

Deputy Commissioner

Environmental Quality Control

South Carolina Department of Health and

Environmental Control

Governors Energy Education Program

Office of the Governor

Mr.William L.McIlwain

South Carolina Project Notification and Review

South Carolina DepartmentofHighways and

Public Transportation

Ms. Frances Ann Ragan

Federal Facility Liaison

Environmental Quality Control

South Carolina Department of Health and

EnvironmentalControl

Mr. Dean Moss

General Manager

Beaufort- Jasper (SC ) Water and Sewer

Authority

---Mr. Danny W.Hanson

South Carolina Department of Health and

Environmental Control Assistant Commissioner

South Carolina Department ofAgriculture

Mr. Virgil Autry , Director

Division ofRadioactive Waste Management

South Carolina Department ofHealth and

Environmental Control

Director

Low Country Council ofGovernments

State Geologist

South Carolina Geological Survey
Mr. Russell Berry

South Carolina Department of Health and

Environmental Control
Chairman ofthe Board

Beaufort-Jasper Water & SewerAuthority

Director

South Carolina State Development Board

Mr. Harry Mathis

Assistant Bureau Chief

Bureau of Solid and Hazardous Waste

Management

South Carolina Department of Health and

Environmental Control

Legal Council

Water Resources Commission

State of South Carolina

Mr. Keith A. Collinsworth

Federal Facility Agreement Section Manager

South Carolina Department ofHealth and

EnvironmentalControl

Chairman

Allendale City Council

Ms. Sally C.Knowles

Director

Division of Water Quality

South Carolina Department of Health and

Environmental Control

Mr. Robert E. Duncan

EnvironmentalProgramsDirector

South Carolina DepartmentofNatural

Resources

Administrator

Beaufort County

Allendale County Administrator

DL - 9



DOE /EIS-0268

Ms.Grace McKown

Associate Director

National Business Developm
ent

South Carolina State Developm
ent

Board

Mr. Bob Graham

Aiken County Emergenc
y Services

Mr.W.M.Dubose, III

Director of Preconstr
uction

South Carolina Departme
nt ofHighway

s and

Public Transportation

Ms. Beth Partlow

Governor
s
Division ofNatural Resource

s

South Carolina ProjectNotificat
ion and Review

Office of the Governor

Dr. Linda B. Eldridge

Superintenden
t

Aiken County Public Schools Mrs. Peggy Reinhart

Barnwell County Office

Mr. Frank Brafman

Hilton Head Town Council

Mr. John Gross

Town ofHilton Head

Mr. Eric Thompson

Lower Savannah Regional Planning and

Develo
pment

Council

South Carolina ProjectNotifica
tion

and Review

Office of the Governo
r

Dr. JamesGreen

Assistant Superinten
dent for Administra

tive

Area 4

Aiken County Public Schools

Mr. Jack Smith

Staff Attorney

Bureau of Ocean and Coastal Resource

Management

South Carolina Department of Health and

Environmen
tal

Control

Mr.W.A.Gripp

Administrator

BarnwellCounty Council

Mr. Ian D. Hill

Intergover
nmentalReview Coordinato

r

State Historic Preservatio
n Office

South Carolina Department of Archives and

History
D. STATE OFGEORGIA

D.1
Statewide Offices and Legislature

Georgia Senate

The Honorable Zell Miller

Governor ofGeorgia
The Honorabl

e
Charles W.Walker

Georgia Senate

The Honorable Pierre Howard

Lieutenant Governor ofGeorgia The Honorable Ben Allen

Georgia House ofRepresenta
tives

The Honorable MichaelBowers

Attorney General The Honorable Jack Connell

Georgia House ofRepresenta
tives

The Honorable Donald E.Cheeks

Georgia Senate The Honorable George DeLoach

Georgia House of Representat
ives

The Honorable Eric Johnson
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The Honorable Henry L.Howard

Georgia House ofRepresentatives

The Honorable Hugh M.Gillis, Sr.

Chairman

Committee on NaturalResources

Georgia Senate

The Honorable Ben L. Harbin

Georgia House ofRepresentatives

The Honorable Robin L. Williams

Georgia House of Representatives

D.2
State and Local Agencies and Officials

The Honorable Larry Sconyers

Mayor of Augusta - Richmond County

Program Manager

Surface Water Supply

Georgia Department of Natural Resources

The Honorable Floyd Adams, Jr.

Mayor of Savannah
Director

Central Savannah River Area Planning and

Development Commission
The Honorable RobertKnox

Mayor of Thomson

Chairman

Chatham County CommissionAdministrator

Georgia State Clearinghouse

Office ofPlanning and Budget
Georgia Geologic Survey

Mr. James C. Hardeman , Jr.

Environmental Radiation Programs

Environmental Protection Division

Georgia DepartmentofNatural Resources

Director

Water Operations

Industrial and Domestic Water Supply

Commission

Mr. James Setser

Chief

Environmental Protection Division

Georgia DepartmentofNatural Resources

Mr. Dave Rutherford

Metropolitan Planning Commission

Savannah, GA

Mr.Moses Todd

Augusta - Richmond County Board of

Commissioners

E. NATURAL RESOURCE TRUSTEE, SAVANNAH RIVER SITE

Mr. James Setser

Georgia Department of Natural Resources

Mr. Ronald W.Kinney, Director

Waste Assessment and Emergency Response

South Carolina Department of Health and

Environmenta
lControl

Mr. Douglas E.Bryant, Commissioner

South Carolina Department ofHealth and

Environmental Control
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Dr. James A. Timmerma
n

, Jr., Director

South Carolina Departme
nt

of Natural

Resources

Mr. A. B.Gould , Jr., Director

DOE-SR Environm
ental Quality Managem

ent

Division

Savannah River OperationsOffice

Mr. Douglas L.Novak

South Carolina Office of the Governo
r

Mr. James H.Lee

Regional Environm
ental

Officer

U.S. Departme
nt

of Interior

Ms. Denise Klimas

National Oceanic and Atmosphe
ric

Administra
tion

U.S. Environmen
tal

Protection Agency

Waste Division

Mr. Clarence Ham , Chief

Regulatory Branch

Corps of Engineers, Charleston District

Departmen
t
of the Army

Mr. David Holroyd

DOE Environmenta
l
Coordinator

U.S. Environmenta
l
Protection Agency

Region IV

F. NATIVE AMERIC
AN

GROUP
S

TheHonorable Gilbert Blue

Chairman

Catawba Indian Nation

The Honorabl
e

Bill S. Fife

Principal Chief

Muscoge
e

(Creek )Nation

The Honorable Tony Hill,Micco

Tribal Town Center Organization

G. CITIZE
NS ADVISO

RY
BOARDMEMBE

RS

Mr. William Adams

Mr. William F. Lawless

Departmen
t
ofMathemati

cs

Paine College

Mr. Arthur Belge

Ms. Ann G.Loadholt

Mr. Thomas W. Costikyan

Mr. JimmyMackey

Mr. BillDonaldson

Ms. Suzanne Matthews

Ms.Mary Elfner

Ms. Kathryn May

Mr. Ken Goad

Ms. Jo - Ann Nestor

Mr. Jon Hollingsworth

Mr. Lane D. Parker

Ms.Brendolyn L. Jenkins

Ms.Karen Patterson

Mr. Thelonious A.Jones

Dr. Kamalakar B. Raut

Mr. J. Walter Joseph
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Ms. Deborah Simone Ms. Beaurine H.Wilkins

Ms. Perjetta K. Smith Ms. RebeccaGaston -Witter

Mr. J. Ed Tant Mr. Vernon Zinnerman
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H. ENVIR
ONMEN

TAL

AND PUBLI
C
INTER

EST
GROUP

S

H.1
Nationa

l

Mr. BillCunningham

Secretary - Treasurer

AFL -CIO

Washington, D.C.

Mr. Thomas V.Cochran

Director

Nuclear Program
s

Natural Resource
s Defense Council

Washingt
on

, D.C.

Mr. Frederick Krupp

Executive Director

Environmenta
l Defense Fund, Inc.

National Headquarters

New York,NY

Mr. Steven Dolley

Research Director

Nuclear Control Institute

Washington, D.C.

Mr. Joseph Goffman

Environ
mental

Defense Fund, Inc.

Capital Office

Washing
ton

, D.C.

Mr. PaulSchwartz

NationalCampaigns Director

Clean Water Action Project

Washingto
n
, D.C.

Mr. Daryl Kimball

Physician
s

for Social Responsib
ility

Washingt
on

, D.C.

Mr. Larry Thompson

Regional Vice President

SoutheastRegion

NationalAudubon Society

Tallahassee, FL

Dr. BrentBlackweld
er

President

Friends of the Earth

Washington ,D.C.

Mr. David Bradley

NationalCommunity Action

Washington,D.C.

Mr. Tom Clements

Greenpeace

Washington , D.C.

Ms. JoAnn Chase

Executive Director

NationalCongress of American Indians

Washingto
n, D.C.

Ms. Sharon Lloyd -O'Connor

Manager

Nuclear Waste Education Project

League of Women Voters

Washington ,D.C.

Mr. Alex Echols

Deputy Director

National Fish and Wildlife Foundation

Washingto
n
, D.C.

Mr.Mark Van Putten

President and Chief Executive Officer

National Wildlife Federation

Vienna, VA

Mr. Brian Costner

Director

Energy Research Foundation

Columbia , SC

Ms. Tamar Osterman

Director ofGovernment Affairs

National Trust for Historic Preservation

Washington ,D.C.

Ms. Karina Holyoak Wood

Peace Action Education Fund

Washingto
n, D.C.
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Mr. Thomas F.Donnelly

Executive Vice President

National Water Resources Association

Arlington , VA

Ms.Maureen Eldridge

Program Director

Military Production Network

Washington , D.C.

Mr. Alden Meyer

Director

Government Relations

Union of Concerned Scientists

Washington, D.C.

Mr. Thomas Franklin

Policy Director

The Wildlife Society

Bethesda,MD

Mr.Robert Deegan

Sierra Club Nuclear Waste

Virginia Beach , VA

Ms. Anna Aurillo

Staff Scientist

U.S. Public Interest Research Group

Washington , D.C. Dr.Mildred McClain

Citizens for Environmental Justice

Savannah,GAMs. Diane Jackson

Administrative Assistant

Ecology & Economics Research Department

The Wilderness Society

Washington, D.C.

H.2 State and Local

Ms. Qasimah P. Boston

Citizens for Environmental Justice

Savannah,GA

Mrs. Joan O.King

20/20 Vision

Sautee Nacoochee,GA

Ms. Amanda W.Everette

Greenpeace U.S.A., Inc

Savannah ,GA

Mr. Timothy Kulik

Georgians Against Nuclear Energy (GANE)

StoneMountain ,GA

Ms. Carol Eldridge

Augusta Audubon Society

Jackson , SC

Mr. Rod McCoy

GeorgiansAgainst Nuclear Energy (GANE)

Atlanta ,GA

Mr. Ronnie Geiselhart

Chamber of Commerce ofGreater North

Augusta

North Augusta, SC

Dr. D.William Tedder

Associate Professor

School ofChemical Engineering

Georgia Institute of Technology

Atlanta, GA

Ms. Charlotte Marsala

Resident Home Owners Coalition

Hilton Head Island, SC

Ms.Ruth Thomas

President

Environmentalists, Inc.

Columbia , SC
Dr.Mary T.Kelly

League ofWomen Voters of South Carolina

Columbia , SC
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I. OTHE
R GROUP

S
AND INDIV

IDUAL
S

Mr. John Geddie

Mrs. Mary Barton

Ms. Pattie Gillespie

Bureau ofReclamatio
n

Ms. Janet Bashaw

Mr. Sam W.Booher Mr.Don Gordon

R. P. Borsody
Ms. Kathleen Gore

Explorati
on

Resource
s

Ms. Sara Jo Braid

Mr. Johnny Grant, Jr.

Lamb Associate
s
Inc.Dr. I. Lehr Brisbin , Jr.

Senior Ecologist

Savannah River Ecology Laboratory

University of Georgia

Ms. Johnna Gregory

Mr. Jan Hagers

Ms. Elizabeth R. Brown

Charleston Deanery

South Carolina Council of Catholic Woman
Ms.Regina Haines

Mr. Robert L.Hallman

Mr. Roddie Burris

Staff Writer

Aiken Standard

Ms. Deborah S. Hamrick

Mr. Charles H.Harris

Mr. Tim Connor

Associate Director

Energy Research Foundation

Mr. Phillip Hudgins

K.G.Craigo

Mr. Chris Hunter

The Environmen
tal

Company Inc.

Mr. Todd V. Crawford Mr.Matthew Hunter

Mr. Turgay Dabak

Tetra Tech

Ms. Susan Issacs

Ms. Carole K. Jensen

Mr. John Dimarzio

Ms.Gail F. Jernigan

Mr. David L. Dunn

Mr.Dave Ecklund

Ms. Beverly Johnson

Mangi Environmen
tal

Group

Ms. Rita Fellers

Department of Geography

University of North Carolina at ChapelHill

Mr. PaulKrzych

Dynamac Corporation

Mr. Thomas L.Lippert

Ms. Cassandra Fralix
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Mr. David Losey
Dr. Harry E. Shealy , Jr.

Professor of Biology

University of South Carolina at Aiken

Ms. Elizabeth McBride

Ms. Trish McCracken
Mr. John O. Shipman

Mr. Frank McDonald
Mr. Edward S. Syrjala

Mr. Michael F.McGowan

Geological Environmental Consultant

Ms. Sue Tripp
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