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ABSTRACT: The purpose of the 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 current mission. In the DOE
Savannah River Strategic Plan, DOE committed to identifying and disposing of excess infrastructure.
The River Water System has been identified as potential surplus infrastructure. As its Proposed Actior
and Preferred Alternative, DOE proposes to shut down and maintain the River Water System and to
place all or portions of the system in a standby condition that would 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 identifies measures available to reduce adverse impacts.
Evaluations of impacts on water quality, air quality, ecological systems, land use, geologic resources,
cultural resources, and the health 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 River Water System, this EIS examines an alternative to shut down and
deactivate the River Water System.

PUBHC COMMENTS: In preparing this Final EIS, DOE considered comments received by {etter ar
voice mail, and statements given at two public scoping meetings in North Augusta, South Carolina on
December 4, 1996.
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FOREWORD

This environmental impact statement (EIS)
evaluates alternative approaches to and envi-
ronmental impacts of shutting down the River
Water System at the Savannah River Site (SRS).
Until the end of the Cold War, the U.S. Depart-
ment of Energy's (DOE's) primary mission at
SRS was to produce and process nuclear mate-
rials to support national defense programs. The
SRS produced nuclear materials that supported
the defense, research, and medical 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 operational need exists to provide
cooling water except for small loads to K- and
L-Reactor Areas. DOE’s mission now empha-
sizes cleanup and waste management, environ-
mental restoration, and decontamination and
decommissioning.

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 the No-Action Alternative, which
consists of continuing to operate the River Wa-
ter System, this EIS examines one alternative
(the Preferred Alternative) to shut down and

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.

Assumptions and analyses in this EIS are ¢
sistent with those that are in the Continued
eration of K-, L-, and P-Reactors EIS,
DOE/EIS-0147 (1990); L-Reactor Operatio
EIS, DOE/EIS-0108 (1984); Environmental
sessment for the Natural Fluctuation of Wat
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 River Water System. DO.
is willing to consider donations by 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.

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 scoping meetings
during this period in North Augusta, South
Carolina, on June 27, 1996. During the scopir
period, comments were received from indi-
viduals, organizations, and government agen-
cies. Comments received during the scoping
period and DOE's responses were used to pre-
pare an action plan that defined the scope and
approach of this EIS. DOE issued the action
plan in August 1996.
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The action plan and reference materials cited in
this EIS are available for review in the DOE

Public Reading Room, located at the University

of South Carolina-Aiken Campus,
Gregg-Graniteville Library, 2nd Floor, Univer-
sity Parkway, Aiken, South Carolina

[(803) 648-6851].

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.

DOE has considered comments it received dur-
ing the comment period in preparing this final
EIS. These comments were received by letter,
electronic mail, and statements made at public
hearings held in North Augusta, South Carolina

on December 4, 1997. Comments and responses

to comments are in Appendix E.

Changes from the draft EIS are indicated in this
final EIS by vertical change bars in the margin.
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,

DOE prepared this EIS in accordance with the

provisions of the National Environmenta] Policy
Act (NEPA), Council on Environmental Quality

regulations (40 CFR 1500-1508), and DOE
NEPA Implementing Procedures (10 CFR
1021). This EIS identifies the methods used in
the analyses and the sources of information, In
additi9n, it incorporates, directly or by refer-
ence, information from other ongoing studies.

TC

TC

TC

The document is structured as follows:

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.

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.

Chapter 5 identifies regulatory requirements
and evaluates their applicability to the alter-
natives considered.

Chapter 6 is a list of references used in
Chapters 1 through 5 of this EIS.

Appendix A is an investigation of potential
remedial actions for L-Lake.

Appendix B describes the ecological effects

of radioactive and nonradioactive contami-
nants.

Append.ix C provides supplemental data for
occupational and public health impacts.

{\ppendix D describes ecological resources,
including flora and fauna.

Appendix E contains copies of letters from

the public comment period and DOE re-
Sponses to those comments,

Appendix F describes L-Lake sediment data
and the data sources,

vi
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SUMMARY

S.1 Introduction

The U.S. Atomic Energy Commission (AEC), a
U.S. Department of Energy (DOE) predecessor
agency, established the Savannah River Site
(SRS) in the early 1950s for the production of
nuclear materials to support the national de-
fense, research, and medical programs of the
United States. The Site continued that function
until the early 1990s when 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
cooling water 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
the 1950s to provide secondary cooling water
from the Savannah River to the five production
reactors (C-, K-, L-, P-, and R-Reactors) at the
SRS. 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 re-
turned to the river by way of several onsite
streams. DOE constructed two lakes on the
Site, Par Pond in 1958 to provide additional
cooling water for P- and R-Reactors, and
L-Lake in 1984 to dissipate the thermal efflu-
ents from L-Reactor. The stream channel of
Lower Three Runs was expanded, a dam built
across a section of its path, and the upstream
area flooded to form Par Pond. Similarly, Steel
Creek channel was expanded, an earthen dam
built across its path, and the upstream area
flooded to form L-Lake.

As aresult of the end of the Cold War, the SRS
mission emphasis has shifted from operation
and production to cleanup and environmental
restoration. Through the DOE Savannah River
Strategic Plan and previous versions, DOE de-
veloped guidance for meeting the expanded
missions. These strategic plans direct SRS or-
ganizations to identify excess infrastructure and
to develop action plans for their disposition. As
a result of this process, DOE identified the
River Water System as excess infrastructure,
costly to operate and maintain, and with limited
application for new Site missions.

Therefore, in a climate of decreasing funding,
DOE must determine if it should continue to op-
erate the River Water System, a system that has
no current mission and will become more ex-
pensive to operate.

S.3 Proposed Action

DOE proposes to shut down the River Water
_S)’Stem and to place all or portions of the system
Ina standby condition that would enable restart
if conditions or mission changes required sys-
tem operation. DOE proposes to lay up all or
portions of the system. Layup means that DOE
vould place equipment in a protective state that
ninimizes degradation. DOE would maintain
bose portions in a standby condition (could be

readied for restart). DOE could also maintain
portions of 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 of the reservoir
and its reversion to the pre-L-Lake conditions of
Steel Creek. During the expected drawdown
period (about 10 years), DOE would apply

I~
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measures to ensure that it could refill L-Lake
safely and would apply other measures to
minimize potential adverse effects of exposed
sediments, which contain contaminants, in the
lakebed.

Examples of situations 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) above mean sea level. In an earlier Na-
tional Environmental Policy Act (NEPA) action
(DOE/EA-1070 and associated Finding of No
Significant Impact, Natural Fluctuation of Wa-
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-
duce pumping. The water level in Par Pond
would fluctuate, but DOE would resume pump-
ing if impact threshold levels were reached in

water quantity or quality. Based on the extent

of contamination and potential impacts to
aquatic communities in the lakebed, 195 feet
(59 meters) above mean sea level was estab-
lished as a conservative lower limit to ensure
minimal, if any, environmental impacts.

Other situations that could necessitate pumping
include the need to refill L-Lake if the final out-
come of the Federal Facility Agreement process
recommends refilling the lake to an appropriate
level, as a means of remediation. 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
smaller pump 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.

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, if one 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

1c| of the standby condition in the Record of Deci-

sion.

S.4 Alternatives

DOE is considering two alternatives to the Pro-
posed Action. The first alternative, the No-
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 pumps being
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:

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

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 (59 meters) above mean 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.

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 the maintenance 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



DOE/EIS-0268

to the original stream level of Steel Creek.

Natural recharge to Steel Creek is expected to
maintain an average flow of 10 cubic feet

(0.28 cubic meter) per second. After drawdown, |1
DOE would 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 jts 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 Jeve] greater than 195 feet

(60 meters).

S.5 Affected Environment

Located in southwest South Carolina, the SRS TE
occupies an area of approximately 300 square

miles (800 square kilometers). The Savannah

River forms the Site's southwestern boundary

for 27 miles 43 kilometers) on the South Caro-
lina-Georgia border. The Site is approximately

25 miles (40 kilometers) southeast of Augusta,
Georgia, and 20 miles (32 kilometers) south of
Aiken, South Carolina, the nearest major popu-
lation centers,

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

(107 meters) above sea leve] near the northern
boundary. The climate js temperate with short |T€
mild winters and long humid summers. Warm,
moist maritime ajr masses dominate the

Weather,

Open fields and Pine and hardwood forests

comprise 73 percent of the SRS; approximately

22 percent js wetlands, streams, or reservoirs
(L-Lake and Par Pond). Production and support |
areas, roads, and utility corridors account for 5
Percent of the totg] land area. L-Lake occupies
about 1,000 acres (4 square kilometers) of the

site and Par Pond about 2,649 acres (10.7 square
kilometers). The Site is heavily forested with
upland pine ang mixed hardwoods. Since 195 1,
approximately 80,000 acres of former agricul- c
tural lands were planted with loblolly, longleaf,

and slash pine to reduce erosion, provide forest
products, and enhance wildlife habitat for white-
tailed deer, wild turkey, and fera] hogs, as well |Tc
as the endangered red-cockaded woodpecker.

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. ]
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 streams on 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 mamma] populations.
Water quality on the SRS is generally suitable
for maintaining balanced biological communi-
ties.

Par Pond, a 2,640-acre (1 0.7-square-kilometer)
reservoir, was created in 1958 by building an
earthen dam (the Cold Dam) across the upper
reaches of Lower Three Runs. [t has an average T
depth of 20 feet (6.2 meters) and a maximum

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

the reservoir storage volume is approximately
52,800 acre-feet (65 million cubic meters).
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S.6 Environmental Consequences

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 a
middle ground under which DOE would shut the
system down, lay up all or portions of the sys-
tem, and maintain some portions in a standby
condition that would enable restart. The alter-
natives vary substantially in their ability to sat-
isfy the purpose and need for DOE action, their
costs to operate or maintain the system, their
commitment of resources (primarily energy),
and their environmental consequences. Table S-
1 compares basic operational characteristics of
the alternatives.

Table S-2 summarizes and compares potential
environmental impacts of the alternatives. The
intent of this table is to draw from the detailed
sections on affected environment and environ-
mental impacts 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 a

way to save money and energy. In this EIS,
flows and cost comparisons described 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
that DOE would not provide water to
L-Lake to maintain its water level. These
requirements are reflected as an incremental
impact of shutdown relative to No Action.

Analyses indicate that L-Lake cannot
maintain its normal pool level without flow
augmentation from the River Water System.
To 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, Shut Down and Maintain.

S-4
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Table S-1. Characteristics of the alternatives.

Shut Down and
No Action Deactivate Shut Down and Maintain
Data Small pump No pumping Jockey pumpa Dry layupb
Replacement/restart one-time costc NAd 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 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 1 6 1
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 Dredgingj Dredging
dredging SCDHECK permit SCDHEC permit
for spoils for spoils
Volume of water pumped 5,000-gallon-per- NA Low flow to keep 0
minute average piping system
pressurized
a.  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 shut down.
f. One full-time equivalent person to handle minor maintenance.
& 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.

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

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

Above costs do not include cost (if any) for re-permitting for dredging or reuse of existing spoil areas.
SCDHEC = South Carolina Department of Health and Environmental Control.

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

Resource No-Action Alternative Shutdown Alternatives
Geology and Soils
Castor Creek (tributary to Minimal soil erosion from vegetated slopes ~ Same as No-Action Alternative.
Fourmile Branch) and head-  and natural flows
waters of Steel Creek

(upstream of L-Lake)

Indian Grave Branch
(tributary to Pen Branch)

Steel Creek and Lower Three
Runs (below dams)

L-Lake and Par Pond

Surface Water

Par Pond

L-Lake

L-Lake water quality

T Steel Creek

L-Area sanitary wastewater
treatment plant

Minimal soil erosion from vegetated slopes
carrying natural flows and river water and
well water discharges from K-Area

Minimal erosion and sedimentation rates due
to controlled stream flow

Minimal erosion due to constant normal pool
water elevations in L-Lake and small fluctua-
tions in Par Pond

Par Pond ecosystem would revert to that typi-
cally found in reservoirs in Southeast due to
reduction of nutrients from Savannah River;
DOE could resume pumping to Par Pond if
conditions warranted

Water level sustained by as much as
4,800 gpm?2 of river water pumped to and dis-
charged from L-Area

Dissolved oxygen in epilimnion seldom
would fall below 5 milligrams per liter and
would generally be greater than 1 milligram
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 fall below 6.

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

Blending flows would be supplied by river
water pumping to L-Area

Same as No-Action Alternative except well
water would replace river water discharge.

Same as No-Action Alternative for Lower
Three Runs and Steel Creek while L-Lake
drains, after which Steel Creek flows would
be variable and uncontrolled and would ex-
perience moderate erosion and sedimentation
from lakebed.

Minimal remobilization of soils potentially
contaminated by preimpoundment activities
due to gradual recession of L-Lake; same as
No-Action Alternative in Par Pond.

Reversion to typical southeastern reservoir, as
with No-Action Alternative; under Shut
Down and Maintain, DOE could prepare sys-
tem for operation, then restart system to pump
to Par Pond; no capability to pump under
Shut Down and Deactivate.

Reversion to stream conditions with potential
for lakebed erosion.

Reduction in dissolved oxygen and tempera-
ture and increased acidity in epilimnion and
hypolimnion of L-Lake until lake is drained.

The dam is expected to act as a sedimentation
basin, thereby minimizing siltation below
dam.

Alternate compliance method (e.g., septic
tanks) would be required.
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Table S-2. (continued).

Resource No-Action Alternative Shutdown Alternatives

L-Area cooling water dis- L-Area 186-Basin maintained full for fire Alternate supply (e.g., well water) would be
charges protection and overflowing for discharges to  required for fire protection and compressor
L-Lake; well water or river water could sup- cooling; total well water requirement would
ply 190 gpm of cooling water for compres-  be 390 gpm; total discharge to L-Lake would
sors be reduced by 10 gpm evaporation from the
186-Basin to approximately 380 gpm.

K-Area cooling water dis- As much as 200 gpm pumped from system to  Alternate supply (e.g., well water) would be

charges 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 fi¢ 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-
CERCLAJ 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 0.821 microgram per cubic meter Increased by 2.6 x 10-6 microgram per cubic ch
meter to approximately 3 percent of regula-
tory standard.
Criteria pollutant - 24-hour SRS sources plus background = Increase of 16 for a total of 129 micrograp'ns
PM]( concentration at SRS 113 micrograms per cubic meter at the SRS per cubic meter at the SRS boundary, which
boundary boundary is 85.7 percent of regulatory standard.
Radionuclides - annual effec- Very small dose (0.02 millirem/yr) Total dose from all pathways 6.5 x 10-3
tive inhalation dose equiva- (mrem/yr); 0.07 percent of regulatory stan- TC
lent to maximally exposed dard.

offsite individual
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Table S-2. (continued).

Resource

No-Action Alternative

Shutdown Alternatives

Terrestrial Ecology

L-Lake

Aquatic Ecology

L-Lake

SRS streams

‘Wetlands

L-Lake

Par Pond

Steel Creek
Tc

Lower Three Runs

Threatened and Endangered
Species

Bald eagles

No reduction in habitat for amphibians, rep-
tiles, semiaquatic mammals, wading birds,
and waterfow] in L-Lake

L-Lake amphibians, reptiles, semiaquatic
mammals, wading birds, and waterfowl
would be protected from predation

No increased exposure to contaminated
L-Lake sediments

Natural changes in aquatic communities as
L-Lake ages

Natural flows in small watersheds support
few benthic organisms and fish in Indian
Grave Branch

Natural successional changes in littoral zone
plant communities

Changes in species composition of litto-
ral-zone plants; acreage could be reduced

With 10 cfs flow requirement, scrub-shrub
vegetation would become more prevalent in
stream corridor; willow probably would pre-
dominate. Over time, hardwood species
would become established in delta, replacing
swamp (cypress-gum) forest with deciduous
hardwood (oak-elm-sweetgum) forest.

Readjustment of stream and bottomland eco-
Systems associated with continuation of exist-
ing flow requirements

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

Reduction in habitat for amphibians, reptiles,
semiaquatic mammals, wading birds, and
waterfowl as L-Lake recedes.

L-Lake amphibians, reptiles, semiaquatic
mammals, wading birds, and waterfowl
would be more vulnerable to predation as res-
ervoir recedes.

Animals foraging in the lakebed after draw-
down would be exposed to contaminated
sediments via inhalation, ingestion, and der-
mal contact.

Reservoir ecosystem replaced by small stream
ecosystem.

Same as No-Action Alternative.

Loss of submerged and floating-leaved
aquatic plants as reservoir recedes; emergent
species could move downslope with lake
level.

Same as No-Action Alterative.
Same as No-Action Alternative during draw-

down,; after drawdown, natural flows would
vary, averaging 10 cfs.

Same as No-Action Alternative.

Bald eagles nesting at Pen Branch would in
time lose primary foraging habitat (L-Lake)
and could leave area.
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Table S-2. (continued).

Resource No-Action Alternative

Shutdown Alternatives

Wood storks Foraging on SRS would continue

Alligators Alligators would continue to be present in

L-Lake

Occupational Health

Radiological - annual prob- 1.7 x 10-7

ability of fatal cancer to cur-
rent involved worker (annual
fatal cancer risk from all
causes is 3.4 x 10-3)¢

Radiological - number of life- 5.5x%10°5

time fatal cancers to current
SRS involved workers (16
lifetime fatal cancers from all
causes expected in current
SRS involved worker popula-
tion)®

Nonradiological - annual 2.5x 108

probability of fatal cancer to
current SRS involved worker
(annual fatal cancer risk from
all causes is 3.4 x 10-3)e

Public Health

Radiological - annual prob- 3.3x109

ability of fatal cancer to off-
site maximally exposed
individual (annual fatal cancer
risk from all causes is
34x103)e

Radiological - number of life- 5.0 x 10-5

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)e

Nonradiological - annual None
probability of fatal cancer to

offsite maximally exposed

individual (annual fatal risk

from all causes is 3.4 x 10-3)e

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 |TcC
storks forage on SRS).

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.

1.7x 10-7

C
5.5x10-5

TE
1.4 x 10-6 Te
3.5x 109 T
4.9x 10-5 T
7.9 x 109 TC
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Table S-2. (continued).

Resource No-Action Alternative Shutdown Alternatives
Land Use
Onsite Site facilities, natural vegetation types with ~ Same as No-Action Alternative
more than 73 percent in forest land
Adjacent land Used mainly for forest, agricultural, and in-  Same as No-Action Alternative
dustrial purposes
Aesthetics
TE L-Lake 1,000-acre reservoir with wetlands along As L-Lake recedes, dried mud flats would
L12-09 shoreline and abundance of wading birds, appear for periods of time until revegetation
turtles, and some alligators began; could be seen by 1,800 SRS workers
who pass by daily.
Par Pond 2,640-acre reservoir with wetlands along Same as No-Action Alternative
shoreline, pine and hardwood forests up
slope; abundance of amphibians, reptiles,
TC wading birds, and waterfowl (in winter);
water level fluctuates while discharge from
Par Pond is controlled.
SRS streams Narrow streams at headwaters broadening Same as No-Action Alternative

into wide swampy deltas at Savannah River;
abundant hardwood 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 Indjan
Grave Branch/Pen Branch

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; 10 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.

papop
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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).

Until the end of the Cold War, the primary mis-
sion of the SRS was to produce nuclear materi-
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.
nuclear weapons stockpile have caused a dra-
matic reduction in the need for the nation to
produce defense-related nuclear materials. The
U.S. Department of Energy’s (DOE’s) mission
atthe 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-
clear materials 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
of reactor 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-
fonmental Management directing DOE to pre-
pare a Supplemental EIS to fully analyze the
Impacts of shutting down the River Water 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.

DOE also developed the DOE Savannah River [T
Strategic Plan (DOE 1996a) as guidance for
meeting the changing missions. 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 its missions) 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.

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-Lake by 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 thermal effluent
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).

The River Water System includes three pump-
houses, two on the Savannah River
(Pumphouses 1G and 3G) and one on Par Pond
(Pumphouse 6G). Pumphouses 1G 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;
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B1G.36,66 Pumphouse
' Operating area
— River Water System piping
(@] NPDES outfalls

SRTC - Savannah River Technology Center
SREL - Savannah River Ecology Lab

Source: DOE (1995a).

PK64-2PC
Figure 1-2. River Water System on SRS.
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pump capacities vary from 24,000 gallons per
minute (1.5 cubic meters per second) to

32,500 gallons per minute (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 per minute (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:

® 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

e 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

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.

Because the SRS reactors are not operating,
there is no longer a need to provide secondary
cooling water for the reactors with the exception
of some small cooling loads in K- and L-Areas,
DOE has taken several steps to save energy and
money by reducing pumping. In 1993, Pum-
phouse 1G 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 aresult, the River Water System annual op-
eration cost dropped from approximately

$26 million in 1994 t0 $11.5 million in 1995,

TC

In 1995, following completion of the Environ-
mental Assessment for the Natural Fluctuation
of Water 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 Significant Impact (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 of 200 feet (61.0 meters)
above mean sea level but not go lower than 195
feet (59.4 meters). In addition, DOE decided to
reduce the flow to L-Lake as long as it main-
tained the lake at its normal operating 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 cubic meter) per second.
These actions were estimated to reduce annual
pumping costs by $930,000 (DOE 1995a). DOE
also determined that river 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).

Currently DOE satisfies these and other minor
system requirements by operating one of the 10
available pumps in Pumphouse 3G. This pump
withdraws approximately 28,000 gallons per
minute (1.8 cubic meters per second), which is
approximately 23,000 gallons per minute (1.5
cubic meters per second) more water than is
needed for current system uses. The river water

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

TC

Branch, Pen Branch, L-Lake, and the headwa-
ters of Steel Creek, respectively.

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 small pump in the Spring

of 1997, shortly before or shortly after issuance
of this Final EIS.

Before taking this action, DOE reviewed
Council on Environmental Quality (CEQ)

14




DOE/EIS-0268

NEPA requirements (40 CFR 1508.4) and the
DOE NEPA 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
Assessment or 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.

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).

The small pump will supply up to 4,800 gallons
per minute (0.30 cubic meter per second) to
L-Area to maintain its 186-Basin full (for fire
protection) and overflowing to provide blending
for the L-Area sanitary wastewater discharge,
keep L-Lake at its normal operating level, and
provide a minimum flow of 10 cubic feet

(028 cubic meter) per second (approximately
4,500 gallons per minute) to Steel Creek. Up to
200 gallons per minute (0.013 cubic meter per
second) would be pumped to K-Area to main-
tain its 186-Basin full for fire protection. The
small pump would not pump to 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.,

L1009
L16-03

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 per minute (0.24 cubic meter per
second). In addition, flows from K-Area to Pen
Branch, which have recently (July through
September 1996) averaged approximately
7,400 gallons per minute (0.47 cubic meter per
second) (Melendez 1996), would be reduced to
no more than 400 gallons per minute

(0.025 cubic meter per second), resulting from
210 gallons per minute from well-water-cooled
compressors (WSRC 1996a) and 200 gallons
per minute pumped from the River Water Sys-
tem to K-Area, less about 10 gallons per minute
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.

Table 1-1. Discharges of river water to onsite
streams (gallons per minute).2

Small
Pump
Stream Sept. 96 Operation Shutdown

Steel Creek (headwaters 3,860 0.0 0.0
via P-13)
L-Lake (viaL-7) 16,475 4,800 400b
Lower Three Runs 0.0 0.0 0.0
Fourmile Branch (via 265 0.0 0.0
C-04 to Castor Creek)
Pen Branch (viaK-18to 7,400 400¢ 400b
Indian Grave Branch)
Total Discharge (gpm) 28,000 5,200 800

a. To convert from gallons per minute to cubic meters
per second, multiply by 6.3x10-5.

b. Maximum well water discharge.

¢. 200 river water, 200 maximum well water discharge.

DOE has not performed maintenance on the
equipment in Pumphouse 6G since its shutdown
but does 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-

L10-08
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ventive maintenance. The consensus is that the
piping is in excellent condition and is likely to
experience minimal deterioration if DOE shuts

down the piping system and implements a suit-
able layup, surveillance, and maintenance proc-
ess (WSRC 1996b).

1.2 Proposed Action

DOE’s Proposed Action, and its Preferred Al-
ternative, is to shut down the River Water 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 that would not be capable of restart.
Another example would be the placement of all
or portions of the system in a layup condition to
Support potential future missions (i.e., DOE
would shut the system down but preserve it so
restart would be possible). In the layup condi-
tion, DOE could maintain portions of the system
in a higher state of readiness, retaining the ca-
pability of restarting them in a relatively short
period. Short-term cost savings would be

minimal, but this condition would enable DOE
to maintain a greater degree of flexibility.

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 River Water System

TEI could be available to serve future DOE needs.

1.3 Alternatives to the Proposed Action

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 small pump
to provide fire protection at K- and L-Reactor
and blending flow for the L-Area sanitary waste
treatment plant effluent. In addition, DOE
would maintain the water leve] in L-Lake, dis-
charge at least 10 cubic feet (0.28 cubic meter)
per second from L-Lake to Stee] Creek, and

maintain pumps in Pumphouse 3G in opera-
tional readiness.

The second alternative would be to shut down
and deactivate the River Water System. As de-
scribed above for the Preferred Alternative,
DOE would have to develop and implement al-
ternative water 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 the River
Water System, DOE considers a number of ac-
tions that must be implemented prior to system
shutdown or continued operation with the smal]
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.
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L-Lake Site Evaluation and Remedial Alter-
natives Study

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 agreement between DOE,
the U.S. Environmental Protection Agency
(EPA) and the South Carolina Department of
Health and Environmental Control (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.

In accordance with the FFA, DOE prepared an
internal draft site evaluation report for L-Lake |rc
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 contaminant of 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.

L10-01
L10-04

At present, 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). It was 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- TC
%Sllll{);or potentially contaminated sites at the

Therefore, DOE must make a near-term (1997)
operational decision on the River Water System
in light of potential future remedial action at
L-Lake. Because this potential remedial action
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 lrc
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).

[re

In accordance with the recommendations de-
scribed above (DOE 1993a), this EIS bases the
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-
lyzes realistic exposure conditions for ecologi-
cal receptors, the current facility worker (e.g., at
L-Lake), the collocated worker (e.g., in L-Area),
the hypothetical maximally 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.

L10-10

CERCLA radiological analyses of human health |rc
differ from those used in the EIS; the CERCLA
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analyses report cancer morbidity (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.
The more 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 Radiological Protection (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.

Remedial Action Process for Onsite Streams

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 the RCRA/CERCLA Units List and
will receive future evaluation and potential re-
medial actions under the requirements of the
FFA. FFA Project Managers at EPA and
SCDHEC have expressed concern about effects
on these units due to actions on the River Water
System. Basically, flows due to small pump op-

L1203

eration under the No-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 dams would 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 the headwaters of Steel Creek
would be independent of the alternative DOE
decided to implement. Onsite streams would
approach natural flow conditions; operation of
the small pump would keep L-Lake at its normal
water level.

Water Requirements for Alternatives

Under the No-Action Alternative a combination
of groundwater and river water from the small
Ppump is required to supply the entire auxiliary
equipment cooling water demand, sanitary
Wwaste water, fire protection, and maintenance of
L-Lake levels. For the shutdown alternatives,
DOE would need additional groundwater sup-
plies to replace those that would be provided by
the small pump under No 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 cubic meter per second) and 1,490

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

I‘{O-Acﬁon: No-Action: Shutdown:
River Water Groundwater Groundwater
— Purpose for water Demand (gpm) Demand (gpm) Demand (gpm)
186-Basin Fire Protection Water 200
Auxiliary Equipment Cooling 0 1983 ?gg
Sanitary Waste Water Blending 83 0 ob
Lake Level and Steel Creek Flow Maintenance 4,517¢ 0 0
K-Area ’
186-Basin Fire Protection Water 20
g . 0
Auxiliary Equipment Cooling 0 218 i(l)g
A’:‘:ltalgh 5,000 400 800
a ough not required for the No- i i i
Althoug groundgl ired T the No-Action Alternative, DOE switched this cooling water requirement from river

- Replaced by septic tank and tile field in the shutdo
¢. _Total outflow to L-Lake is 4,800 gpm.

wn alternatives,
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gallons per minute (0.094 cubic meter per sec-

ond), respectively (WSRC 1996a). The 4,800
gallons per minute (0.30 cubic meter per sec-

ond) that will be pumped to L-Area by the small |rc
pump and eventually released to L-Lake is suf-
ficient to provide all L-Area cooling water re-
quirements.

As a cost-saving initiative, DOE eliminated the
1,300 gallons-per-minute (0.082 cubic-meter-
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 per minute (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

ITE

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, that would
occur if DOE stopped pumping river water due
to a decision to implement a shutdown alterna-
tive.

The P-Area sanitary wastewater plant was deac- |Tc
tivated in November 1996, which eliminates its
discharge. Because it is a package unit, it is

being maintained for potential use at another lo-
cation (Dukes 1997). The wastewater discharge
from K-Area presents three potential concerns:

1. The elimination of river water pumping
would affect permit limits due to loss of ITC
blending credit.

2. The effluent would not flow as far as the
sampling point.

3. The effluent would not reach the intended
receiving stream.

In relation to the first concern, calculations
confirm that blending flow is not required at
K-Area outfall (Huffines 1996a). DOE has also
resolved the other two concerns with SCDHEC.
DOE would not need to modify permit require-
ments or alter discharge paths if it moved the
outfall to a location that would enable continu-
ous sampling. 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).

ITE

Calculations (Huffines 1996b) indicate that the |Tc
effluent from the L-Area Sanitary Wastewater
Treatment Plant would not meet 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 per minute (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.

TC
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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 |Tc
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 of water; however, the estimated
latent water loss rate from the K-Area 186-
Basin (evaporation and drain gate valve leak-
age) is about 110 gallons per minute

(0.0069 cubic meter per second). To provide a
liberal margin due to uncertainty in leakage,
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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
1c| DOE selects a shutdown alternative. The ca-
pability to supply up to 400 gallons per minute
rc| (0.025 cubic meter 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 well water system.

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
1c| 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.

In March 1995 DOE advertised the availability
of the reactor 186-Basins for commercial use.
Several fish farming projects were solicited by
the advertisement and, in one case, DOE was
requested to provide assurance that secondary
infrastructure would be available if investors
funded use of the C-Area 186-Basin (Krist
1995). This project would require makeup wa-
ter which could be supplied by river water or
well water. 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-Basins are
currently planned by DOE.
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CHAPTER 2. PURPOSE AND NEED FOR ACTION

The Federal government built the River Water
System at the Savannah River Site (SRS) near
Aiken, South Carolina, during the 1950s. Dur-
ing the time when the primary mission of the
Site was to produce defense nuclear materials
such as tritium for use in weapons, the mission
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. The mission at the SRS now empha-
sizes (1) the safe management of radioactive
materials such as spent nuclear fuel for which it
is responsible until the U.S. Department of En-
ergy (DOE) can dispose of them safely and (2)
the cleanup and environmental restoration of ar-
eas affected by more than 40 years of nuclear
and industrial activity. ’

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 other words,
from the perspective of having to supply cooling
water to the reactors, there is no longer a mis-
sion for the River Water System.

TC

In the future DOE probably will receive less
funding than in past years, and so must deter-
mine the most effective and responsible use of
its funds. The DOE Savannah River Stategic
Plan (DOE 1996a) describes the changing mis-
sion, vision, and values at the SRS. In the plan,
DOE commits to identify and dispose of excess
infrastucture (items that once were part of the
processes with which the Site accomplished its
original mission 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 surplus and costly
to operate and maintain. In 1993, for example,
repairs to the Par Pond dam cost more than

$10 million. Future costs will increase as
equipment reliability decreases and replacement
parts become more difficult to obtain.

Therefore, in a climate of decreasing funding
for SRS missions, DOE must determine if it
should continue to operate a system that has no
current mission and that will become more ex-
pensive to operate as time passes. This envi-
ronmental impact statement analyzes the
impacts of the proposed shutdown of the River
Water System. DOE proposes to perform the
shutdown to save money; that is, to prevent
further expenditures of funds to operate a sys-
tem that has no current mission.
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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 Environmental Pol-
icy Act (NEPA) to identify and assess reason-
able alternatives to proposed actions that would
avoid or minimize 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 of the River Water System at the Savan-
nah River Site (SRS).

¢ No Action — The U.S. Department of En-
ergy (DOE) would continue its present
course of action, which it established
through the NEPA process during the prepa-
ration of the environmental assessment (EA)
and Finding of No Significant Impact for
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). Using the small pump ITE
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 TE
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 river water 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
amore detailed discussion of this alterna-
tive.

*  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. This means that DOE could not

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 or maintenance
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. The water
level of L-Lake would fall to the original
conditions of Steel Creek. Section 3.2 con-
tains a more detailed discussion of this al-
ternative.

¢  Shut Down 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 scheme de-
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 cubic meter) per second. The remain-
ing streams would receive natural flows
from their respective watersheds. Section
3.3 contains a more detailed discussion of
this alternative.

The information that DOE used to develop spe-
cific actions that would be involved in imple-
menting the alternatives consisted of:

o 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

3-1
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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

e Human health and ecological documenta-
tion from the early 1990s through 1996

e Studies of water and sediment chemistry,
transport properties, effects of fluctuating
water levels, fish communities, and vegeta-
tion

e Geological and hydrological studies of
L-Lake, Par Pond, and the onsite streams
conducted primarily in the 1990s

e NEPA and Comprehensive Environmental
Response, Compensation and Liability Act
(CERCLA) documentation for Par Pond and
L-Lake ‘

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) but would be examined in
the NEPA review of the project or projects that
would use the River Water System.

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 that would 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

TC

the basis of both cost and uncertainty that Par
Pond would have sufficient supply to maintain
L-Lake and Par Pond levels. These alternatives
are not consistent with the need 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.

DOE also eliminated an alternative that would
have used the River Water System to pump to
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 but maintain its level well
above 195 feet (59.4 meters) above mean sea
level (Gladden 1996a). 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 the proposed action described in the
EA, which evaluated the impacts as a result of
natural fluctuation of the water level in Par
Pond, and issued a Finding of No Significant
Impact (DOE 1995b). Since January 1996,
when DOE shut off the River Water System to
Par Pond, the lake level has not fallen below the
199-foot (60.7-meter) level (Kirby 1996, 1997).

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 of an 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

of the 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 environmental assess-
ment also included a reduction of flow rates
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from L-Lake to Steel Creek to natural stream
flows while 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 the meaning of NEPA.

At present, the River Water System requires a
staff of 7.8 full-time equivalent personnel 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 meter per
second)] to supply the current demand for river
water. As detailed in Chapter 1, DOE assumed
the use of this 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 systems and 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 1996¢):

Item Cost
System maintenance $1,084,000
Dam (Par Pond and 520,000
L-Lake) maintenance
Energy 494.000
Total $2,098,000
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 per minute (0.32 cubic
meter per second) and would supply river water

TCc

to K- and L-Reactors through their respective
186-Basins by way of 12 miles (19 kilometers)
of underground 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 gallons per minute
(0.32 cubic meter per second) and that DOE
would maintain L-Lake at full pool [i.e., 190
feet (57.9 meters) above mean sea level].

|Te

3.1.2 SRS STREAMS

Under the No-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 dams would continue. In addition, the
River Water System would continue to supply
river water to loads in K- and L-Reactors.
These loads include make-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 Steel Creek,
respectively.

3.1.3 PARPOND

Under the No-Action Alternative, DOE would
not pump river water to Par Pond, and the lake
level would fluctuate near full pool [200 feet
(61.0 meters) above mean 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-zone macro-
phyte community, and fish populations as the
reservoir water level fluctuates and the lake
changes due 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 pump water into
the reservoir to an appropriate level greater than
195 feet (59.4 meters) above mean sea level to
minimize impacts.
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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, DOE would perform the following
activities:

® Secure River Water System facilities in C-,
K-, L,- and P-Areas and the associated pip-
ing for personnel safety

1c|e  Secure Pumphouse 3G intake lines to pre-
vent intrusion of water from the Savannah
River

TEl * Perform pumphouse cleanup activities nec-

essary to satisfy concerns about releases of
petroleum products or other chemicals that
could affect the environment

¢ Leave the equipment in Pumphouse 3G with
moving parts in the positions least suscep-
tible to degradation

® Keep the L-Lake Dam 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
Steel Creek

The following costs would be associated with
the shutdown phase (Jones 1996a; Jones 1997a;
WSRC 1996b):

Item Cost
System shutdown (one-time cost) $200,000
Annual dam maintenance 520,000
TC| Annual labor (one full-time equivalent 85,000
person to handle minor maintenance)
Annual energy 20,000
TCI Total annual cost $625,000

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 or maintenance to
Par Pond and would assume that no equipment

TE

would be operable in the future. After the lake
recedes, DOE would either breach the dam or
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. This make-up capacity would be
provided by the existing K- and L-Area well
water systems.

3.2.1 L-LAKE

Under the Shut Down 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

TEI through natural recharge. L-Lake would recede

TC

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 of ex-
posed sediments in the lakebed such as the
following:

® Plant grass seed in exposed sediments to
minimize the effects of erosion and expo-
sure of contaminants in the lakebed

® 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 Steel Creek
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

34
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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 while maintaining 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-
ing water would expose steep banks that would
be subject to erosion by wave action or when
rapid natural growth of vegetation is assured.

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.

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.

Additional actions concerning the future dis-
position of the dam would be subject to the ap- |1¢
propriate level of NEPA review.

Natural Steel Creek flow is estimated to average | e
10 cubic feet (0.28 cubic meter) per second.

This flow could not be augmented during low

flow years.

3.2.2 SRS STREAMS

Under the Shut Down 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-Lake would 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).

3.2.3 PAR POND

Under the Shut Down and Deactivate Alterna-
tive, DOE would not pump water to Par Pond.
The only 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.

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

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
I?OE Proposed Action and Preferred Alterna-
tive, Shut Down and Maintain, is a middle
ground under which DOE would shut the system

down, lay up all or portions of the system, and
maintain some portions in a standby condition
that would enable restart.

As indicated in Section 3.2.1, the cessation of

river water input to L-Lake is likely to result in

a gradual drawdown of the lake and its reversion

to the original conditions of 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 the meas-

ures described in Section 3.2.1 to minimize ad- |+¢
verse effects of exposed sediments in the

3-5
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lakebed. DOE also would apply the measures
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. This make-up capac-
ity would be provided by the existing K- and
L-Area well water system.

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 time to 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 minimal surveillance and maintenance
(requiring a long time period and significant ex-
pense to bring the system to operational readi-
ness).

3.3.1 POTENTIAL DECISIONS TO
RESTART THE RIVER WATER SYSTEM

DOE would shut down the River Water System,
lay up all portions of the system, and maintain
those portions in a standby condition that would
enable restart. This status would continue until
DOE was sure that maintenance in standby was
unnecessary. DOE proposes to maintain the
system because there could be future needs that
require large quantities of water, making the re-
start of the system a feasible option. Should
DOE determine in the future that it no longer
desires to maintain the River Water System in a
standby condition, DOE would issue a Record
of Decision based on this EIS and deactivate the
system.

L10-05

Three examples of restarting the River Water
System are presented below. DOE does not
wish to imply that it expects to actually need to
restart the 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).

3.3.1.1 Pump to Par Pond

L10-05| Until final CERCLA remedial actions are de-

L9-07

L9-07

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 cubic meter 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 that would affect water quality in other
regional lakes and streams. Based on the 10-
year record and the simulation model, this
analysis predicted that the water level would be
above 198.4 feet (60.5 meters) 75 percent of the
time and the lowest level would 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 (61 meters) (Kirby 1997).
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 (60 meters).
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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) above mean 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 resume pumping 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 level was approaching the
lower bounding limit of 195 feet (59.4 meters)].

33.12 Refill I-Lake

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 |rc
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 T
refill L-Lake. The time required to restart the
system would not be 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 4 months. After refilling the lake,
DOE would run the small pump [approximately
5,000 gallons per minute (0.32 cubic meter per
second)] continuously to maintain the lake level
and downstream releases.

33.13 Support New Missions

Although the current SRS mission emphasis is
cleanup and environmental restoration, DOE
could initiate new defense-related, industrial, or
qther missions that would require large quanti-
ties of water that the River Water System could

provide. For example, in the Tritium Supply
and Recycling 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, if DOE 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).

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. |TC
The preferred plan would use the pumphouse,

two replacement pumps, and an existing distri-
bution line to get as 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
gallons per minute (0.38 cubic meter per sec-

ond) of make-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
gallons per 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.

TE

Shutting down and maintaining the River Water
System could preserve its availability for such
new missions as the accelerator project. The
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second plan described above would necessitate a
far more 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

1201 |would be available when the accelerator project
was ready to use the cooling water supply.

Tcl 3.3.2 LAYUP OPTIONS

River Water 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 versus pipes full using a still
smaller jockey pump versus dry pipe], and lev-
els of operational readiness (restart within 1, 6,
12, and 30 months) (WSRC 1996c). From these
combinations, DOE selected options that were
reasonable for its Preferred Alternative, Shut
Down and Maintain.

DOE eliminated high risk/low reliability be-
cause it would want assurance of restart 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 of operational 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.

The following bases for the analysis are impor-
tant for a comparison of the layup and restart
options:

® Costs presented for implementing each
layup option are for comparison only. Be-
cause DOE has not developed detailed proj-

Tclo

TC

L1-01
L2-01
L1501

ect plans for the layup and restart options,
they are only preliminary estimates of prob-
able cost. However, because DOE used a
consistent set of 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 discount rate. The restart costs as-
sume that the River Water System would be
shut down for 3 to 5 years before DOE de-
cided to restore or restart it. As the
shutdown time lengthened, replacement
costs would increase.

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 not bring 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 part of the
project design for the accelerator.

As stated above, the optimum use of the
River Water System, if any, would be part
of the project design for the accelerator.
However, DOE has estimated the additional
cost for maintaining 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 of maintaining eight large
pumps that would 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 that needed 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-
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charge from the jockey pump would be in-
sufficient to maintain lake level.

o The analysis does not 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 scheme and, therefore,
should not be part of this cost analysis.

Table 3-1 lists the results of the base case restart
readiness/layup scheme for 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 not restart the system
during the layup period, the Shut Down and De-
activate Alternative would be less costly than
the layup combinations listed in Table 3-1.

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-

Action Alternative. Because this option
would not meet 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

e  Small Pump - The small-pump scheme to
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.

e Jockey Pump - If DOE 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 per month
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 actions would not re-
quire a startup time this fast. It would,

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

Annual Costs ($ million per year)
System surveil- L-Lake and One-time cost
Time to Layup lance and ParPonddam  Total annual for restart
restart scheme Electricity  maintenance maintenance cost (8 million) ITC
1 month Small pump 0.494 1.084 0.520 2.098 0.000
6 months Small pump 0.494 1.084 0.520 2.098 0.000
Jockey pump 0.164 1.084 0.520 1.768 0.000
12months  Small pump 0.401 0.865 0.520 1.786 0.552
Jockey pump 0.071 0.710 0.520 1.301 0.812
30months  Small pump 0.401 0.865 0.520 1.786 0.560
Jockey pump 0.071 0.710 0.520 1.301 0.820
Dry layup 0.044 0.085 0.520 0.649 4.730
3-9
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however, enable DOE to respond quickly to
water needs at Par Pond.

3.3.2.3 Restart in 12 Months

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 personnel would
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.

*  Small Pump - In relation to No Action, the
small-pump scheme and 12-month startup
would save about $300,000 per year but
would require approximately $550,000 for
restart. If DOE kept the system shut down
for more than 2 years, the costs to maintain
and restart would be less than the costs to
operate under the No-Action Alternative.
Both No Action alternative and this layup
scheme could maintain L-Lake.

* Jockey Pump — The total annual cost for the
Jjockey 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 x 5 + 0.552) for the
small-pump scheme and approximately
$7.3 million (1.301 x 5 + 0.812) for the
Jjockey pump scheme.

TE

3.3.2.4 Restart in 30 Months

The wet pipe layup schemes and the dry pipe
scheme could support restart in 30 months.

e Small-Pump — This option would have the
same annual layup costs as the correspond-
ing 12-month restart option.

e Jockey Pump — As in the 12-month restart
options, the jockey pump scheme is better
than the small-pump scheme with respect to
cost because the lower annual costs during
layup quickly offset the higher cost to re-
start the system.

® Dry Layup — The characteristics of the dry
pipe layup and restart scheme are low an-
nual costs for electricity, surveillance, and
maintenance but high costs for restart. Un-
der this scheme, DOE would maintain
building electricity as it would in all layup
combinations but would not maintain right
of way; fallen trees would be cleared but no
brush would be cut. System operations per-
sonnel estimate that this scheme would re-
quire the replacement of 1 mile (1.6
kilometers) of pipe, which would account
for $2 million of the $4.7 million restart
cost.

DOE compared layup and restart costs for the
Jjockey and dry pipe schemes. For layup periods
of less than 6 years, the relatively low startup
costs for the jockey pump scheme would make
its total layup and restart costs less than those
for the dry pipe scheme. For layup periods of

6 years or more, the relatively low annual costs
of layup for the dry pipe scheme would domi-
nate and its total cost of layup and restart would
be less than those for the jockey pump scheme.
Table 3-2 summarizes the tradeoffs between the
two schemes and compares both to the cost of
operation under No Action.
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Table 3-2. Cumulative costs to lay up, restart (within 30 months), and operate the River Water System ITE

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

Layup period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Operation 21 42 63 84 105 12.6 147 168 189 21.0 23.1 252 273 294 31.5
(No Action) i
Jockey pump 21 34 47 60 73 86 99 112 125 138 151 164 17.7 19.0 20.3
Dry pipe 54 60 67 73 80 86 93 99 106 112 119 125 132 13.8 14.5
Jockey pump 00 08 16 24 32 40 48 56 64 72 79 87 95 103 11.1
savings
Dry pipe 33 -1.8 04 1.1 25 40 54 69 83 98 112 127 141 156 17.0
savings

3.3.2.5 Additional Costs to Support Use of it would not need to change its layup options
the River Water System for Accelerator Pro- except for increased surveillance and mainte-
duction of Tritium nance of the R-Normal Line. The increased cost
is expected to be $10,000 per year for the dry
As stated for base case layup options, DOE pipe scheme and $35,000 per year for the wet
would permanently shutdown the water line to pipe schemes (Jones 1997b). L1502
R-Area (i.e., the R-Normal Line) and would not Sﬂ:
reactivate it if the system is restarted. In its se- If DOE also wishes to ensure the capability to
lection of a restart option, DOE would evaluate |L1502 support the once-through heat-exchanger option,
the additional cost of maintaining the R-Normal Sﬂ: it would maintain eight large pumps to be avail-
Line for a short period of time until the decision able to supply the 125,000 gallons per minute
on whether or not to construct the accelerator once-through flow. This would increase the
for production of tritium is made (DOE expects costs for electricity, maintenance, and restart.
to make this decision by 1998). Table 3-3 presents the increased costs to support
this option, including surveillance and mainte-
If DOE wants to ensure the capability to support nance of the R-Normal Line.
the preferred recirculating cooling tower option, :
Table 3-3. Additional cost to maintain R-Normal Line and 125,000 gallon-per-minute pumping
capacity.
Annual Costs ($ million per year)
System surveil- L-Lake and One-time cost
Time to Layup lance and Par Pond dam Total annual ~ for restart
restart scheme Electricity  maintenance maintenance cost (8 million)
1 month Small pump 0.020 0.135 0.000 0.155 0.000
6 months Small pump 0.020 0.135 0.000 0.155 0.000
Jockey pump  0.020 0.135 0.000 0.155 0.000 L
12months  Small pump 0.020 0.140 0.000 0.160 0.806 20
Jockey pump  0.020 0.135 0.000 0.155 0.896
30months  Small pump 0.020 0.140 0.000 0.160 0.830
Jockey pump  0.020 0.135 0.000 0.155 0.920
Dry layup 0.006 0.040 0.000 0.046 2.368
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 and Maintain Alternative.
They include monitoring 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:

® Septic tank and tile field installation:

$70,100; annual operation and maintenance:

$120.

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.

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-

L3-10

tion, revegetation, and monitoring. 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-Lake would be incurred regardless
of the decision on the River Water System.
DOE believes that the reversion of L-Lake to
pre-SRS Steel Creek conditions would 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.

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 of the 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.

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

lay up all or portions of the system, and main-

3.4 Comparison of Environmental Impacts

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). The DOE Proposed Action
and Preferred Alternative is a middle ground
under which DOE would shut the system down

>

tain some portions in a standby condition that
would enable restart.

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,

3-12
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Table 3-5. Characteristics of the alternatives.

Shut Down and
No Action Deactivate Shut Down and Maintain
Data Small pump No pumping Jockey pumpa Dry layupb
Replacement/restart one-time costc NAd NA $820,000 $4,730,000
Time to 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 1 6 1
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 Dredgingi Dredging
. dredging SCDHECK permit SCDHEC permit
for spoils for spoils
Volume of water pumped 5,000-gallon-per- NA Low flow to keep 0
minute average piping system
pressurized
a. 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.
e.  One-time cost to shut down.
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 will be $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 of existing spoil areas.
k. SCDHEC = South Carolina Department of Health and Environmental Control.
Table 3-6 summarizes and compares potential the No-Action Alternative reflect operation
environmental impacts of the alternatives. The of the small pump.
intent of this table is to draw from the detailed e Under the shutdown alternatives, DOE
sectlons on affected environment and environ- | would implement alternative sources for the
mental impacts to present the primary impacts river water required under No Action except
of thef Proposed Action and alternatives in com- that DOE would not provide water to
Parative form. The following statements form L-Lake to maintain its water level. These
the bases of the results reported in this table: requirements are reflected as an incremental

i : i t of shutdown relative to No Action.
*  DOE will operate a 5,000-gallon-per-minute Impact o

(0.32-cubic-meter-per-second) pump as a 4
way to save money and energy. In this EIS, |
flows and cost comparisons described under

Analyses indicate that L-Lake cannot
maintain its normal pool level without flow
augmentation from the River Water System.

3-13
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To 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, Shut Down and Maintain.

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

Resource No-Action Alternative Shutdown Alternatives
Geology and Soils
Castor Creek (tributary to Minimal soil erosion from vegetated slopes ~ Same as No-Action Alternative.

Fourmile Branch) and head-
waters of Steel Creek
(upstream of L-Lake)
Indian Grave Branch
(tributary to Pen Branch)

Steel Creek and Lower Three
Runs (below dams)

L-Lake and Par Pond

Surface Water

Par Pond

L-Lake

and natural flows

Minimal soil erosion from vegetated slopes
carrying natural flows and river water and
well water discharges from K-Area

Minimal erosion and sedimentation rates due
to controlled stream flow

Minimal erosion due to constant normal pool
water elevations in L-Lake and small fluctua-
tions in Par Pond

Par Pond ecosystem would revert to that typi-
cally found in reservoirs in Southeast due to
reduction of nutrients from Savannah River;
DOE could resume pumping to Par Pond if
conditions warranted

Water level sustained by as much as
4,800 gpm@ of river water pumped to and dis-
charged from L-Area

Same as No-Action Alternative except well
water would replace river water discharge.

Same as No-Action Alternative for Lower
Three Runs and Steel Creek while L-Lake
drains, after which Steel Creek flows would
be variable and uncontrolled and would ex-
perience moderate erosion and sedimentation
from lakebed.

Minimal remobilization of soils potentially
contaminated by preimpoundment activities
due to gradual recession of L-Lake; same as
No-Action Alternative in Par Pond.

Reversion to typical southeaster reservoir, as
with No-Action Alternative; under Shut
Down and Maintain, DOE could prepare sys-
tem for operation, then restart system to pump
to Par Pond; no capability to pump under
Shut Down and Deactivate.

Reversion to stream conditions with potential
for lakebed erosion.
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Table 3-6. (continued).
Resource No-Action Alternative Shutdown Alternatives

L-Lake water quality Dissolved oxygen in epilimnion seldom Reduction in dissolved oxygen and tempera-
would fall below 5 milligrams per literand  ture and increased acidity in epilimnion and
would generally be greater than 1 milligram  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 fall below 6.

Steel Creek Minimal siltation due to intake structure The dam is expected to act as a sedimentation
drawing water that would be low in sus- basin, thereby minimizing siltation below TC
pended solids from top of lake; flow of X
10 cfsb would be sustained

L-Area sanitary wastewater ~ Blending flows would be supplied by river  Alternate compliance method (e.g., septic
treatment plant water pumping to L-Area tanks) would be required.

L-Area cooling water dis- L-Area 186-Basin maintained full for fire Alternate supply (e.g., well water) would be
charges protection and overflowing for discharges to  required for fire protection and compressor
L-Lake; well water or river water could sup-  cooling; total well water requirement would
ply 190 gpm of cooling water for compres-  be 390 gpm; total discharge to L-Lake would
sors be reduced by 10 gpm evaporation from the
186-Basin to approximately 380 gpm.

K-Area cooling water dis- As much as 200 gpm pumped from system to Alternate supply (e.g., well water) would be

charges 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 fi¢ 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- )
CERCLAA 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.
3-15
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Table 3-6. (continued).

Resource

No-Action Alternative

Shutdown Alternatives

Air toxic - Manganese

Criteria pollutant - 24-hour
PM|( concentration at SRS
boundary

Radionuclides - annual effec-
tive inhalation dose equiva-
lent to maximally exposed
offsite individual

Terrestrial Ecology

L-Lake
TE

TC

Aquatic Ecology
L-Lake

SRS streams

Wetlands

L-Lake

Par Pond

Steel Creek

0.821 microgram per cubic meter

SRS sources plus background =
113 micrograms per cubic meter at the SRS
boundary

Very small dose (0.02 millirem/yr)

No reduction in habitat for amphibians, rep-
tiles, semiaquatic mammals, wading birds,
and waterfowl in L-Lake

L-Lake amphibians, reptiles, semiaquatic
mammals, wading birds, and waterfowl
would be protected from predation

No increased exposure to contaminated
L-Lake sediments

Natural changes in aquatic communities as
L-Lake ages

Natural flows in small watersheds support
few benthic organisms and fish in Indian
Grave Branch

Natural successional changes in littoral zone
plant communities

Changes in species composition of litto-
ral-zone plants; acreage could be reduced

With 10 cfs flow requirement, scrub-shrub
vegetation would become more prevalent in
stream corridor; willow probably would pre-
dominate. Qver time, hardwood species
would become established in delta, replacing
swamp (cypress-gum) forest with deciduous
hardwood (oak-elm-sweetgum) forest.

Increased by 2.6 x 106 microgram per cubic
meter to approximately 3 percent of 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.

Total dose from all pathways 6.5 x 10-3
(mrem/yr); 0.07 percent of regulatory stan-
dard.

Reduction in habitat for amphibians, reptiles,
semiaquatic mammals, wading birds, and
waterfow] as L-Lake recedes.

L-Lake amphibians, reptiles, semiaquatic
mammals, wading birds, and waterfow!
would be more vulnerable to predation as res-
ervoir recedes.

Animals foraging in the lakebed after draw-
down would be exposed to contaminated
sediments via inhalation, ingestion, and der-
mal contact.

Reservoir ecosystem replaced by small stream
ecosystem.

Same as No-Action Alternative.

Loss of submerged and floating-leaved
aquatic plants as reservoir recedes; emergent
species could move downslope with lake
level.

Same as No-Action Alternative.
Same as No-Action Alternative during draw-

down; after drawdown, natural flows would
vary, averaging 10 cfs.
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Table 3-6. (continued).

Occupational Health

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)¢

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)®

Nonradiological - annual
probability of fatal cancer to
current SRS involved worker
(annual fatal cancer risk from
all causes is 3.4 x 10-3)¢

Public Health

Radiological - annual prob-
ability of fatal cancer to off-
site maximally exposed
individual (annual fatal cancer
risk from all causes is
34x103)

L-Lake

1.7 x 107

5.5x 105

2.5x10-8

3.3x109

Resource No-Action Alternative Shutdown Alternatives

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

systems associated with continuation of exist-
ing flow requirements
Threatened and Endangered
Species
Bald eagles Bald eagles nesting at Pen Branch would Bald eagles nesting at Pen Branch would in
continue to forage around L-Lake time lose 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).

Alligators Alligators would continue to be present in 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.

1.7x 107

5.5x 105

1.4 x 10-6

3.5x 109
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Table 3-6. (continued).

Resource No-Action Alternative Shutdown Alternatives

Radiological - number of life- 5.0 x 103 4.9 x 105
TCI 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)e
rcI Nonradiological - annual None 7.9 x 109
probability of fatal cancer to
offsite maximally exposed
individual (annual fatal risk
from all causes is 3.4 x 10-3)¢
Land Use
Onsite Site facilities, natural vegetation types with ~ Same as No-Action Alternative
more than 73 percent in forest land
Adjacent land Used mainly for forest, agricultural, and in-  Same as No-Action Alternative
dustrial purposes
Aesthetics
TE L-Lake 1,000-acre reservoir with wetlands along As L-Lake recedes, dried mud flats woultfl
L1209 shoreline and abundance of wading birds, appear for periods of time until revegetation
turtles, and some alligators began; could be seen by 1,800 SRS workers
who pass by daily.
Par Pond 2,640-acre reservoir with wetlands along Same as No-Action Alternative
shoreline, pine and hardwood forests up
slope; abundance of amphibians, reptiles,
© wading birds, and waterfow] (in winter);
water level fluctuates while discharge from
Par Pond is controlled.
SRS streams Narrow streams at headwaters broadening Same as No-Action Alternative
into wide swampy deltas at Savannah River;
abundant hardwood 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. gpm = gallons per minute; to convert to cubic meters per second, multiply by 0.000063088.
b.  cfs = cubic feet per second; to convert to cubic meters per second, multiply by 0.028317.
c.  ft="feet; to convert to meters, multiply by 0.3048.
Te({d. CERCLA= Comprehensive Environmental Response, Compensation, and Liability Act.
€. Based on fatal cancer inciden

ce in general population of 235 per 1,000 and a 70-year life expectancy.
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CHAPTER 4. AFFECTED ENVIRONMENT AND
ENVIRONMENTAL IMPACTS

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
environmental impacts of the Proposed Action
and the alternatives (see Section 3.4).

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 put both 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 is most affected 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
categories would be affected by the action and
its alternatives, and it can describe the impacts
of an alternative most 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.

Chapter 4. Affected Environment and
Environmental Impacts

4.1 L-Lake
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 Shut Down and Deactivate
4.1.1.2.3 Shut Down and Maintain

Other resources categories with same sub-
headings include Surface Water, Groundwa-
ter, Air Resources, Ecological Resources,
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 alternatives would cause

minimal or no impacts in these areas:

e Socioeconomics — The River Water System
would require a staff from one (Shut Down
and Deactivate) to 7.8 (No Action) full-time
equivalent personnel. Selection of one al-
ternative over another will not affect socio-
economic factors in the region.

e Traffic and Transportation — Onsite traffic
impacts would be minimal under each alter-
native due to the small number of personnel
involved. The operation of the River Water
System would involve minimal onsite trans-
portation of materials and waste and no
offsite transportation. Alternatives are not
measurably different in terms of potential
impacts of transportation activities.

4-1
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e Cultural Resources — 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-
chaeological resources or areas of cultural
importance to Native American tribes.

This chapter evaluates the following environ-
mental consequences that would be sitewide in
nature and, therefore, could not be conveniently
subdivided:

e 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)]

e Section 4.6, Unavoidable Adverse Impacts
[i.e., “adverse environmental effects which
cannot be avoided should the proposal be
implemented” (40 CFR 1502.16)]

e Section 4.7, Short-Term Uses and Long-
Term Productivity [i.e., “the relationship
between short-term uses of man’s environ-
ment and the maintenance and enhancement
of long-term productivity” (40 CFR
1502.16)]

e Section 4.8, Irreversible or Irretrievable
Commitment of Resources [i.e., “any irre-
versible or irretrievable commitments of re-
sources which would be involved in the
proposal should it be implemented”

(40 CFR 1502.16)].

4.1 L-Lake

DOE built L-Lake, a 1,000-acre (4-square-
kilometer) reservoir (Figure 4-1), on the upper
reaches of Steel 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-Lake by 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
lake has 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 the headwa-
ters of the stream, just above SRS Road B
(USACE 1987; Wike et al. 1994).

The L-Lake dam and intake structure maintain
water level at a normal pool elevation of

190 feet (58 meters) above mean sea level. The
top of the dam lies at about 200 feet (61 meters)
above mean sea level. At normal pool, the res-
ervoir storage volume is approximately 26,000

acre-feet (32 million cubic meters) (USACE
1987).

L-Lake flooded about 225 acres (0.9 square
kilometer) of wetlands and 775 acres (3 square
kilometers) of uplands in the Steel Creek corri-
dor (Wike et al. 1994). During the construction
of L-Lake, most of the vegetation in the area
that became 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) above maximum
pool elevation and seeded for erosion control.

rc| 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).

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 millicuries of
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cesium-137 activity (Du Pont 1984). The dam
site material was moved 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 subsequent con-
trol gate obstruction (Marter 1984). L-Lake
overflight photographs show evidence of these
activities.

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.

Water moves from L-Lake to Steel Creek by
overflow into a multigate, dual wet well 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 gates near 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. Water passes through the intake tower,
the wet wells, the conduit, and the stilling basin
before flowing to Steel Creek. The volume of
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 t0 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).

4.1.1 GEOLOGY AND SOILS
4.1.1.1 Affected Environment

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 shows the 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 not de-
scribe geologic structures such as folding and
faulting because the alternatives would not af-
fect these features.

The geology and soils of SRS are well docu-
mented (e.g., Aadland, Gellici, and Thayer
1995; WSRC 1996¢). 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 on
Figures 4-4a and 4-4b. The section extends
from the northeast edge of Par Pond, to the
southwest through L-Lake, and ending near Pen
Branch (also see Aadland, Gellici, and Thayer
1995; WSRC 1996e). Prowell (1994) most re-
cently describes the surface geology of the SRS

region.

Geomorphology

The SRS is on the Aiken Plateau of the Atlantic
Coastal Plain in west-central South Carolina,

TE | 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

1c| Sand Hills to the east. The Aiken Plateau con-
1e| sists of a broad flat surface dissected by narrow

steep-sided valleys. The plateau slopes from
650 feet (198 meters) above mean sea level at
the Fall Line to approximately 250 feet




DOE/EIS-0268

Fall Line

NORTH

VIRGINIAY, | —!
Cd /-_

>~ Aiken
Plateau

Atlantic
ALABAMA S

Atlantic Ocean

- — e e oo

LS

‘x

Miles 0 100 200
Kilometers 0 100200 300

/ A\
&\ & souTHCAROLINA -
,%))\@North . 00‘,/ NoRTH
% 094 Augusta @ Aiken SA-
- New Ellenton o " "\
Z
Richmo
10 20

INSET
Miles 0
Kilometers 0 10 20 30

Source: Modified from DOE (1987a).
PK64-2

Figure 4-2. General location of the Savannah River Site and its relationship to geologic provinces of the

southeastern United States.
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(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 (73 meters); the Savan-
nah River floodplain is about 100 feet

(30 meters) above mean 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.

Tectonic Provinces

L-Lake is approximately 50 miles (80 kilome-
ters) southeast of 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 Piedmont rocks, and
similar to the classic Triassic basins of New Jer-
sey and New England. The Dunbarton Basin,
over which L-Area is situated, is an example of
these oldest SRS geologic structures (WSRC
1996e,f).

Stratigraphy

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 of both 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

regressions of the ocean. The thickness of the
Tertiary section expands from the northern part
of the SRS toward the southern boundary and [T
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 18 meters) per mile. There are
four groups 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-
graphs briefly describe the individual
formations within each group (see WSRC
1996e,f; Aadland, Gellici, and Thayer 1995).

The following formations are part of the Black
Mingo Group:

o Ellenton Formation (also known as the Lang
Syne/Sawdust Landing Formations) — pri-
marily gray to dark gray micaceous sand;
the thickness ranges from 40 to 100 feet
(12 to 30 meters), usually poorly sorted; oc-
casionally contains lignite interbedded with

gray clays.

o 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.

e Fishburne Formation (also known as the
Fourmile Member or Formation) — This
sedimentary sequence varies in thickness
from 15 to 75 feet (5 to 23 meters). Itis
comprised of yellow, brown, orange, and
tan clayey sand.

4-9
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Paleozoic Crystalline Basement

or Triassic Newark Supergroup Piedmont Hydrogeologic Province

TC | Note: Not to scale. Nomenclature in parentheses denotes altemative names for these units.

Source: Modified from DOE (1995c).

PK64-2
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:

e 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.

e 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 limy clay
(Santee Limestone); north to south thickness
ranges from 0 to 20 feet (6 meters).

e 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 of the following:

¢ Clinchfield Formation — This formation has
two members:

- Riggins Mill Member - sand member
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,
medijum 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.

— - Utley Member — a calcareous sand or
sandy limestone with tan to white color
variances.

e Dry Branch Formation — This formation has
three members:

— 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 well LCO-S northwest of
L-Lake in L-Area (WSRC 1996g).

- Griffins Landing Member — commonly
occurs as a tan or green calcareous
sandy clay or a calcareous sand; thick-
ness as much as 50 feet (15 meters).

— Irwinton Sand Member — consists of tan
to orange moderately sorted quartz sand
with interbedded clays; thickness ranges
from 40 to 75 feet (12 to 23 meters).

e 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.

The “upland unit” (also known as the Haw-
thorne Formation) is of unknown 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 21 meters). These
are the primary surface sediments, probably
fluvial in origin. Facies changes can occur radi-
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

4-11
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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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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 which major
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 have moderate erosion hazard. These dis-
turbed soils range from a consistency of sand to
clay, depending on the source of the material
(DOE 1995c¢).

In general, undisturbed soils at the SRS consist
of sandy surface layers above a subsoil of silts,
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 the major streams are 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) or more in some areas. 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 1995¢; Wike et al. 1994; USDA
1990).

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.

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)

¢ Blanton sand, 6- to 10-percent slopes (BaC)

TE

—
m
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e 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)

¢ 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

With the exception of sand and gravel, the
known economic and mineral value of the geo-
logic resources of the SRS is limited (see DOE
1984, 1987a, 1995c¢).

4.1.1.2 Environmental Impacts

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
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 of the stream valleys. Elimination of
river water from the geologic system could not
stimulate an earthquake (WSRC 1996f), would
not affect economic or mineral resources, and
would not induce faulting or cause noticeable
geologic structures.

The overall lithologic character of sands and
clays does not 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-
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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.

4.1.1.2.1 No Action

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 upgradient of 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 contaminant move-
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.

4.1.1.2.2 Shut Down and Deactivate

The lowering of the pool would 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.

As the 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 Steel Creek. 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 ,re
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-

ITE

cause grasses and other vegetation would
overtake the area.

4.1.1.2.3 Shut Down and Maintain

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 limiting potential downstream
(Steel Creek) contamination.

4.1.2 SURFACE WATER

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 of each 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.

Permitted Wastewater and Stormwater Dis-
charges to L-Lake

The South Carolina Department of Health and
Environmental Control (SCDHEC) has permit-
ted three wastewater discharge outfalls (L-07,
L-07A, and L-08), the effluents of which origi-
nate from point and area sources in L-Area, to
discharge to L-Lake under National Pollutant
Discharge Elimination System Permit No.
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-
ing drains 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 flows of 132 million gallons
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(499,670 cubic meters) per day and 41.7 million
gallons (157,850 cubic meters) per day, respec-
tively; these limitations are as follows
(SCDHEC 1996a):

o Total suspended solids — daily maximum:
40 milligrams per liter; monthly average:
20 milligrams per liter

¢ Oil and grease — daily maximum: 15 milli-
grams per liter; monthly average: 10 milli-
grams per liter

e pH-6.0t08.5

Outfall L-07A is the wastewater sampling point
for the L-Area sanitary wastewater treatment
plant. Outfall effluent water 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:

* Total suspended solids — weekly average:
45 milligrams per liter; monthly average:
30 milligrams per liter

* Dissolved oxygen — daily minimum:
1.0 milligram per liter

¢ Biochemical oxygen demand — weekly av-
erage: 45 milligrams per liter; monthly av-
erage: 30 milligrams per liter

* Fecal coliform — daily maximum: 400 per
100 milliliters; monthly average: 200 per
100 milliliters

o pH-6.0t09.0

SCDHEC has not imposed effluent water qual-
ity limitations on ammonia, nitrate-nitrite (as
nitrogen), or zinc primarily due to sufficient

blending with other waste streams at Outfall
L-07.

Outfall L-08 receives wastewater from the
L-Area engine house cooling system, L-Reactor
building drains, and L-Area stormwater runoff,

Generation of the engine house effluent is nec-
essary to maintain equipment operability, 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 milligrams per liter; monthly average:
20 milligrams per liter

¢ Oil and grease — daily maximum: 15 milli-
grams per liter; monthly average: 10 milli-
grams per liter

e pH-6.0t08.5
Water Quality

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 for maintaining bio-
logically balanced communities in L-Lake.

DOE monitored L-Lake water quality exten-
sively from the filling of the lake in November
1985 until December 1992 as part of the
L-Lake/Steel Creek Biological Monitoring Pro-
gram (Kretchmer and Chimney 1993). DOE
designed the monitoring 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. The monitoring included field
measurements, major ions, and plant nutrients;
trace metals and radioactive materials were
studied by DOE in 1995 and 1996.

Field Measurements and Thermal Structure

The monitoring program noted that vertical
gradients in L-Lake water temperature caused
by solar heating begin to develop in January or
February and become more 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 about 80.6°F (27°C); the
bottom zone, or hypolimnion, has temperatures
ranging from 55.4° to 60.8°F (13°to 16°C). The
zone between the mixed layer and the hy-
polimnion, the metalimnion, is where the
change in temperature with depth is most rapid.
Since 1987 the top of the metalimnion is typi-
cally between 16 and 20 feet (5 and 6 meters)
deep during thermal stratification in L-Lake.
Maximum temperature 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.

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 1 milligram 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 milligrams per 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, but the highest levels were
probably influenced by photosynthesizing phy-
toplankton near the water surface.

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, or mixing zone, from February to July
(Kretchmer and Chimney 1993). Mixing zone
PH levels were seldom below 6.

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 20 microsiemens per centime-
ter lower than 1990 levels, which were, in turn,
10 to 20 microsiemens per centimeter lower
than in previous years. The highest specific
conductance values were generally recorded in
the hypolimnion during the fall.

DOE measured 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 of oxygen and
indicate oxidizing conditions. During the
L-Lake monitoring program, redox potential
was positive throughout the water column ex-
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
lowest redox potential in 1992 was about

—130 millivolts.

Major Ions

Alkalinity concentrations ranged from 6 to

29 milligrams of calcium carbonate per liter in
1992, similar to levels observed in 1990 and
1991, but lower than those seen in the first part
of the 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 6.8 milligrams
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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Concentrations of total calcium, magnesium,
and potassium declined slightly during the

7 years of study and were never higher than
about 5 milligrams per liter (Kretchmer and
Chimney 1993). The ranges of total sodium
concentrations increased from 1986 (6 to

12 milligrams per liter) to 1989 (9 to

18 milligrams per liter) and then decreased in
1991 and 1992 (4 to 9 milligrams per liter).

Mean total aluminum concentrations measured
from 1985 to 1992 were generally slightly
greater than the detection limit (0.1 milligram
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 milligrams per
liter), reflecting thermal stratification and disso-
lution in the reducing conditions in the hy-
polimnion. Total manganese behaved similarly
and ranged from 0.04 to 8.5 milligrams per liter
in the hypolimnion and from less than 0.02 to
2.2 milligrams per liter above the hypolimnion.

1e | Nutrient Loading

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 of high primary pro-
ductivity (milligrams of carbon fixed per square
meter per day) soon after filling due to the re-
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 milligrams of
phosphorous per square meter per day from
11990 to 1992, decreasing each year (Kretchmer

and Chimney 1993). Average orthophosphorus
loading rates ranged from 2.6 to 3.3 milligrams
of phosphorous per square meter per day for the
same years. These values are well above load-
ing levels considered dangerous for eutrophica-
tion (Wetzel 1983).

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 effluent had
mean total phosphorus concentrations ranging
between 0.06 and 0.246 milligrams of 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 the mixing
(euphotic, in this case) zone of L-Lake appeared
to decrease from 1990 to 1992 (Carson and
Cichon 1993).

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 Kjeldahl nitrogen
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 milligrams per liter; nitrate, from less
than 0.001 to 0.660 milligrams per liter; and
ammonia, from less than 0.01 to 2.72 milli-
grams per 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 micrograms per liter, 1.32 micro-
grams per liter, 0.012 micrograms per liter, and
0.012 micrograms per liter, respectively).
Therefore, the elimination of these metals as
potential L-Lake contaminants is impossible.
Both iron and beryllium were measured at con-
centrations that exceeded their respective EPA
chronic screening values (1,000 micrograms per
liter and 0.53 micrograms per 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).

Radioactive Materials

Early periods of P-Reactor and, to a lesser ex-
tent, L-Reactor operations resulted in releases of
radioactive materials, 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 radionuclides were 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.

In 21995 study DOE took sediment core sam-
ples from eight L-Lake locations (Koch, Martin,
and Friday 1996). These locations included a
single, shallow (nonchannel) and seven channel
sites. The mean 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.

The analysis of the eight sediment cores from
L-Lake also included semivolatiles and nonra-
dionuclide inorganics (Koch, Martin, and Friday
1996). Inorganics were measured 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 ITC
eliminate it as a potential contaminant.

4.1.2.2 Environmental Impacts
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
Lake Recession

DOE performed three computer-based simula-
tions of the fluctuations in water level for L-
Lake with a constant discharge of 10 cubic feet
(0.28 cubic meter) per second using the U.S.
Army Corps of Engineers’ hydrologic model
HEC-5 with rainfall and stream flows for 1980
to 1989 (a low-flow drought period) 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 extent of
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 pool of 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
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(35.1 meters) would occur within about 10 years
(Jones and Lamarre 1994).

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
Steel Creek 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 cubic meter) per second,
about 4,100 gallons per minute (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 cubic meter 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).

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 continual drawdown of the lake,
with minor periods of 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-Lake Embankment

Regardless of the extent of L-Lake recession,
the L-Lake embankment and outlet works will
need continued inspection and maintenance as
required by the Federal Energy Regulatory
Commission. These inspections will, among
other things, ensure that the intake tower gates
remain unobstructed to prevent a partial or
complete refill of the reservoir (Jones 1996b).

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 natural saddle 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 (35 meters) above mean sea level]. As
a consequence, complete recession to the former
Steel Creek channel would not be 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.

L-Area Sanitary Wastewater Treatment
Plant

DOE has calculated that L-Area Sanitary
Wastewater Treatment Plant (SWTP) discharges
from National Pollutant Discharge Elimination
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System-permitted Outfall L-07A through Out-
fall L-07 to L-Lake would not meet 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 of SWTP discharges to surface
water) as three options:

e Option 1 — septic tank and tile field installa-
tion with estimated capital and annual O&M
costs of $70,100 and $120, respectively

e Option 2 — Central Sanitary Wastewater
Treatment Facility tie-in with estimated
capital and annual O&M costs of
$1,970,000 and $10,200, respectively

e Option 3 — spray field discharge with esti-
mated capital and annual O&M costs of
$970,000 and $88,260, respectively

After comparing the net present values of these
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 of worker 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 event conditions
such as rainfall and wind speed. On a short-

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.

The reduction of Savannah River water input to
L-Lake would result in reduced loading of nu-
trients. This process has been proceeding in
L-Lake without apparent deleterious 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 resuit, with the reservoir shifting from
a eutrophic condition to a less eutrophic, or even
mesotrophic, condition.

Whether the change from eutrophic conditions
would be a benefit or a problem would depend
entirely on management objectives. If the ob-
jective is maximum 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 has managed 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 regime would be neutral for lake man-
agement.

In addition to lower rates of nutrient 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
biological effect during the Par Pond drawdown.
Without the addition of Savannah River water,
the relatively large influence of groundwater
and natural surface inputs (having low ijonic
strength) to Par Pond was observed in the water
chemistry of the reservoir. The specific conduc-
tance of the Par Pond surface water was reduced
from near 100 microsiemens per centimeter to
about 30 microsiemens 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 biological mobility
of cesium-137 (a metabolic analog of potas-
sium) stemming from the reduced availability of
potassium (DOE 1995a).

4.1.2.2.3 Shut Down and Maintain

Refer to Section 4.1.2.2.2. This alternative
would have essentially the same water 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 .

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.

4.1.3.1 Affected Environment

Two hydrogeological provinces underlie the
SRS - the Piedmont Hydrogeologic 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:

® Floridan aquifer system

Meyers Branch confining system (Crouch
Branch confining unit)

¢ Dublin aquifer system (Crouch Branch aqui-
fer)

¢ Allendale confining system (McQueen
Branch confining unit)

e Midville aquifer system (McQueen Branch
aquifer)

* Appleton confining system (the base of the
province)

Regional Hydrogeologic Setting

The Floridan aquifer system and the Meyers
Branch confining system comprise approxi-
mately 550 feet (170 meters) of the nearly
2,000 feet (610 meters) of sediments 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.

The Floridan aquifer system includes two aqui-
fers and one confining unit:

®  Water table aquifer
¢ First confining unit

¢ First confined aquifer
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 affect the 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
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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.

Groundwater Flow

Groundwater flow rates vary from several hun-
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., atF-
and H-Seepage Basin Areas).

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. Figures 4-1] and 4-12 are
potentiometric maps of 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 principal hydro-
geological properties of the water table aquifer
and the first confined aquifer, respectively, for
the three areas of interest.

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
4910 7.7, and the water is generally soft. Cop-

TE

centrations of dissolved and suspended solids
are low but iron concentrations are high in some
aquifers (DOE 1995¢).

The shallow aquifers at the SRS have been
contaminated with tritium, metals, and indus-
trial solvents; however, only 5 to 10 percent of
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 the northwest shore
of L-Lake, contains four Comprehensive Envi-
ronmental Response, Compensation, and Li-
ability Act (CERCLA) units several SRS reports
have been prepared to describe its geology and
soils and the related environmental issues for
these areas. The water table aquifer outcrops
above the current level of L-Lake but contami-
nation from L-Area CERCLA units has not
reached the point where 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. Conmmina{lt
releases to the subsurface at SRS have not mi-
grated offsite (DOE 1995c).

Groundwater Use

In the area surrounding SRS, groundwater is
used for domestic and industrial purposes. DOE
identified at least 56 major municipal, indus-
trial, and agricultural groundwater users within
20 miles (32 kilometers) of the center of SRS‘
for a total of 36 million gallons (140,000 cubxtf
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 thf
SRS, only the deeper aquifers provide drinking
Wwater and also water for some industrial uses. '
Off the Site to the north, the Water Table Aqui-
fer is the source of drinking water and other
municipal purposes (DOE 1987a). Southeast of
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Legend:
\
100 Potentiometric surface in feet;
10 ft. contour interval
@ P-17 Observation well
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Source: Aadland, Gellici, and Thayer (1995).

Figure 4-12. Potentiometric surface of the first confined aquifer (Gordon aquifer), April-May
1992.
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Table 4-1. Water table aquifer.

Property L-Aread SRS Streams and Par Pondb
Hydraulic conductivity 1.11 - 2.52 feet per day 16.4 x 10-2 - 39.37 feet per day
(0.34-0.77 meter per day) (5.5 x 10-2 - 12.3 meters per day)
Porosity 0.20-0.25 0.20-0.25
Hydraulic gradient 0.011 -.013 foot per foot Not reported
(0.0033-0.040 meter per meter)
‘Transmissivity Not reported 419.8-960.1 square feet per day

(39.0 - 89.2 square meters per day)

a.  Source: WSRC (1996g).
b. Source: WSRC (1996e).

Table 4-2. First confined aquifer.

Property L-Area SRS Streams Par Pond
Hydraulic conductivity2 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) (10.67 meters per day)

Porositya Average - 33.5%, Range 26 - Average - 33.5%, Range 26 - Average - 33.5%, Range 26 - 38%
38% 38%
Transmissivity GSAb: 1,292 - 2,562 square feet GSA: 1,124 - 2,562 square feet Par Pond: 2,116 square feet per
per day per day day
(120 - 238 square meters per (12,099 - 25,578 square meters  (196.6 square meters per day)
day)¢ per day) P-Area: 13,400 square feet per
C-Area: 68.2 square feet per day
day (1,245 square meters per day)
(734 square meters per day)

a.  Source: Aadland, Gellici, and Thayer (1995).
b.  GSA = General Separations Area.
. Source: WSRC (1996¢).

the Site the primary drinking water aquifers are
the first confined aquifer and the deeper aqui-
fers.

The current use 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).

The wells at K-Area currently meet the demands
of the facility. The wells have 500-gallon-per-

minute (0.032-cubic-meter-per-second) pumps
but produce only 200 to 300 gallons per minute
(0.013 to 0.019 cubic meter per second). The
domestic water supply has been supplemented
by the recent hookup 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 gallons per minute with a 500-gallon-per-
minute pump. The other well produces 100
gallons per minute (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 the water re-
quired to operate the facility if the River Water
System were shut down (Beavers 1996).
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Figure 4-13. Groundwater contamination at the Savannah River Site.
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4.1.3.2 Environmental Impacts
4.1.3.2.1 No Action

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 constant because 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
downgradient of L-Reactor at the L-Lake outfall
and, therefore, would not mobilize 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.

Under the No-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 of these aquifers would not change.
The net increased well water demand would be
approximately 200 gallons per minute (0.013
cubic meter per second) for each area.

TC

4.1.3.2.2 Shut Down and Deactivate

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 (1 meter), the local gradient would
steepen and local velocities would increase ap-
Proximately 12 percent (Halliburton NUS
1996). By lowering the level of water in the
aquifer, a possible effect could be to strand

contamination within the vadose zone. If, in
fact, the water table aquifer is homogeneous,
then contaminant migration 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
four CERCLA units) would be 21 years to
L-Lake compared to 18 years to natural Steel
Creek level (DOE 1984).

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 the water 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 outfall would have no
effect on this aquifer. There is a possibility that
the reduction of reservoir levels could influence
the downward flow into the first confined aqui-
fer below the dam.

As compared with the No-Action Alternative,

C
this alternative would cause a further increase at I

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 L12-03

each reactor area. Aquifer conditions would not
change.

4.1.3.2.3 Shut Down and Maintain

The impacts discussed above for the Shut Down
and Deactivate Alternative would apply to this
alternative.

4.1.4 AIR RESOURCES

4.1.4.1 Affected Environment

4.1.4.1.1 Climate and Meteorology

The climate at the SRS is temperate, with short
mild winters and long humid summers. Warm,

moist maritime air masses affect the weather
throughout the year (Hunter 1990).
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Summer weather usually lasts from May
through September, when the western extension
of the semipermanent Atlantic subtropical
“Bermuda” high-pressure system strongly influ-
ences the area. Winds are relatively light, and
migratory low-pressure systems and fronts
usually remain well to the north of the 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 temperatures were 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 influence of the Bermuda high begins to
diminish during the fall, resulting in relatively
dry weather and moderate temperatures. Fall
days are frequently characterized by cool clear
mornings and warm sunny afternoons (Hunter
1990).

During the winter, low-pressure systems and as-
sociated fronts frequently affect the weather of
the SRS area. Conditions often alternate be-
tween warm, moist subtropical air from the Gulf
of Mexico and cool, dry polar air. The Appala-
chian Mountains to the north and northwest of
the SRS moderate the extremely cold tempera-
tures associated with occasional outbreaks of
arctic air. Asa consequence, fewer than one-
third of all winter days have minimum tempera-
tures below freezing, and temperatures below
20°F (-7°C) occur infrequently. Snow and sleet

oceur on average less than once a year (Hunter
1990).

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

The mml average precipitation for the SRS is
48.2 inches (122 centimeters). Table 4-3 lists

the monthly average and extreme precipitation
amounts for the Site. Precipitation is fairly well
distributed throughout the year. Average pre-
cipitation during the fall months (September,
October, and November) is slightly less than the
averages for the other seasons, accounting for
about 18 percent of the average annual total.
The maximum rainfall amount in a monthly pe-
riod was 19.6 inches (50 centimeters) in October
1990 (Shedrow 1993). The maximum 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).

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) per hour, although higher rates are
likely during spring and summer thunderstorms
(Hunter 1990).

Occurrence of Violent Weather

The SRS area experiences an average of

55 thunderstorms per year, half of which occur
during the summer months of June, July, anq
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). Thunderstorms can generate
wind speeds as high as 40 miles (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).

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

1,097 acres (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 a5
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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 423 10.90 (1976) 1.33 (1965)
June 436 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)
Annual 48.21 73.47 (1964) 28.82 (1954)

Source: Hunter (1990).

Period of record, 1951-1987.
Year of occurrence given in parentheses.

a0 o

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

high as 150 miles (240 kilometers) per hour
(Shedrow 1993).

Thirty-six hurricanes caused damage in South
Carolina between 1700 and 1992 (Shedrow
1993). The average frequency of occurrence 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).

Wind Speed and Direction

Figure 4-14 shows a joint frequency summary
(wind rose) of hourly averaged wind speeds and
directions collected from the H-Area meteoro-
logical tower at a height of 200 feet (61 meters)
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,

and west occurred during about 35 percent of
the monitoring period (Shedrow 1993).

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) per hour occurred about

10 percent of the time. Seasonally averaged
wind speeds were highest during the winter
[9.2 miles (15 kilometers) per hour] and lowest
during the summer [7.6 miles (12 kilometers)
per hour] (Shedrow 1993).

Atmospheric Stability

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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Figure 4-14. Wind rose for the Savannah River Site, 1987 through 1991.
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The ability of the atmosphere to disperse air
pollutants is frequently expressed in terms of the
seven Pasquili-Gifford atmospheric turbulence
(stability) classes A through G. DOE has de-
termined occurrence frequencies for each sta-
bility class at the SRS using meteorological data
collected from 1987 through 1991 at the onsite
meteorological towers. Relatively turbulent at-
mospheric conditions that increase atmospheric
dispersion, represented by the unstable classes
A, B, and C, occurred approximately 56 percent
of the time. Stability class D, which represents
conditions that are moderately favorable for at-
mospheric dispersion, occurred approximately
23 percent of the time. Relatively stable condi-
tions that minimize atmospheric dispersion, rep-
resented by classes E, F, and G, occurred about
21 percent of the time (Shedrow 1993).

4.1.4.1.2 Existing Radiological Conditions

Ambient air concentrations of radionuclides at
the SRS include radionuclides of natural origins,
such as radon from uranium in soils, manmade
radionuclides such as fallout from nuclear
weapons testing, and emissions from coal-fired
and nuclear powerplants. DOE operates a 35-
station atmospheric surveillance program at the
SRS, with stations inside the perimeter, on the
perimeter, and at distances as far as 100 miles

(161 kilometers) from the Site (Amett,
Mamatey, and Spitzer 1996).

Routine SRS operations release gases and par-
ticulates that emit alpha- and beta-gamma ra- TE
diation. DOE uses gross alpha and nonvolatile

beta measurements as a screening method to
determine the concentrations of radionuclides in
the air.

Table 4-4 lists the average 1990 to 1995 gross
alpha radioactivity and nonvolatile beta radio-
activity measured at the SRS and at distances of
25 to 100 miles (40 to 161 kilometers) from the
Site. The results show no significant differ-
ences between onsite locations near operating
facilities and those at the site perimeter and be-
yond (Arnett, Mamatey, and Spitzer 1996). The
1994 results show gross alpha concentrations
dropping to near the 1990 levels. The cause of
the higher levels between 1991 and 1993 is un-
known, but modifications to the analytical pro-
cedures are likely (Arnett, Mamatey, and
Spitzer 1996).

Tritium (predominantly as water) is the only ITE
radionuclide detectable at and beyond the SRS
boundary. Tritium is released from routine op-
erations at the separations areas, and in smaller
amounts from the reactor areas and D-Areas.

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

Average gross alpha
Locations 1990 1991 1993 1994 1995
On Site 1.3 x 10-15 2.5 x 10-15 1.8x10-15  19x10-15 1.4 x 10-15 1.5 x 10-15
Site perimeter 1.1 x 1015 2.6x 10115  18x10-15  1.8x1015  14x10:15  1.4x10°15
25-mileradius  1.0x10-15  2.5x 1015 1.7x10°15  1.8x10-15 1.4 x 1015 1.4 x 1015
100-mile radius 1.3 x 10-15 2.6 x 1015 1.7x 1015 2.0x10-15 1.8 x 10-15 1.6 x 10-15
Average gross beta
Locations 1990 1991 1993 1994 1995
On Site 1.8 x 10-14 1.8 x 10-14 19x10-14 1.8x1014 1.7 x 10-14 1.8 x 10-14
Site perimeter  1.gx 10-14  18x10-14  19x10114 19x10:14  18x1014  18x1014
25-mile radius 1.8 x 10-14 1.8x10-14  18x1014 1.8x1014 1.8 x 10-14 1.8 x 10-14
100-mile radius 1.9 x 10-14 1.8 x 10-14 1.7x10-14  20x10-14 1.8 x 10-14 1.8 x 10-14
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The highest tritium levels occur near H-Area,
but they decrease with distance from the release
point. Other onsite locations (F-Area and the
Burial Ground) 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-
mospheric releases for tritium, cesium-137, and
cobalt-60 were 96,700 curies, 0.015 curie, and
0.00006 curie, respectively. Tritium in elemen-
tal and oxide forms accounts for more than 99
percent of the radioactivity released to the at-
mosphere from SRS operations.

The calculated dose to the maximally exposed
individual from airborne releases using the
CAP88 code during 1995 was 0.8 millirem,
which is 0.8 percent of the EPA airbomne emis-
sion standard of 10 millirem-per-year due to
radioactive emissions from DOE facilities

(40 CFR 61, Subpart A) (Amett, Mamatey, and
Spitzer 1996).

4.1.4.1.3 Nonradiological Ambient Air Con-
centrations

At present, 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
as nitrogen dioxide), particulate matter [less
than or equal to 10 microns in diameter
(PM0)], carbon monoxide, ozone, and lead
(SCDHEC 1996b).

The only criteria pollutant potentially affected
by the actions proposed in this EIS is PM1q due
to the resuspension of dried lakebed sediment.
Calculated maximum boundary-line PM ¢ con-
centrations from existing SRS operations are

TC

50.6 and 2.9 micrograms per cubic meter for a
24-hour and annual averaging time respectively
(DOE 1995¢). The maximum observed 24-hour
and annual average PM ¢ concentrations during
1995 near the SRS were 62 and 19 micrograms
per cubic meter, respectively (SCDHEC 1996b).

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 or new 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 become airborne would be minimal.

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 levels at SRS
(PRC 1996). Areas of highest contamination
have been found in the Steel Creek floodplain.

4.1.4.2.2 Shut Down and Deactivate

The shutdown and deactivation of the River )
Water System would cause the level of water in
L-Lake to recede as discussed in Section
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 amount of airborne contamination resu}ting
from the exposure of the dried lakebed to air-
borne currents would depend on such parame-
ters as the types and quantities of contamination
in the sediment, the size of the dried lakebed
exposed to air currents, the local meteorology
(the occurrence of high wind speeds and precipi-
tation), and the amount of 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).

DOE used the Multimedia Environmental Pol-
lutant Assessment System (MEPAS) model
(Pacific Northwest Laboratory 1995) to estimate
quantities of resuspended 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-Area mete-
orological tower 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 of 30 disturbances per month was
used to estimate a worst-case particulate emis-
sion rate. The annual average concentration is
conservatively calculated to equal the modeled
24-hour average concentration.

Table 4-5 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 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.

Table 4-6 lists the maximum 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
of vegetation, direct exposure to radiation) that
are the result of material 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 net benefit to the environment would be the
reduction of fugitive evaporative tritium emis-
sions from the L-Lake surface. The maximum
calculated reduction in airborne tritium concen-
tration at the SRS boundary is 0.073 picocurie
per cubic meter.

Table 4-5. Maximum ground-level concentrations of nonradiological air constituents at the Savannah
River Site boundary under the Shut Down and Deactivate Alternative.

Modeled maximum air

Maximum allowable

Nonradiological concentration2 concentrationb
Constituent (pg/m3) (ug/m3)
Antimony 8.6 x 10-6 25
Arsenic 22x10°5 1.0
Beryllium 2.9x 106 0.01
Cadmium 1.3x 106 0.25
Lead 1.8 x 10-5 1.5 (calendar quarter average)
Manganese 3.8 x10-7 25
PM;¢(©) 12 50 (annual average)
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 of the concentration over any time period (e.g., week, month, year).

b. Source: SCDHEC (1976).

¢. PMq is particulate matter with a diameter of 10 microns (0.00001 m) or less.
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Table 4-6. Maximum ground-level concentrations of radiological air constituents at the Savannah River
Site boundary under the Shut Down and Deactivate Alternative.

Modeled maximum air

Radiological concentration Dose from all pathways

Constituent (pCi/m3) (mrem/yr)
cesium-137 7.2 x 10-6 3.6 x 104
cobalt-60 1.1 x 10-7 1.6 x 10-6
plutonium-239 7.9 x 10-9 3.5 %105
promethium-146 7.9 x 109 9.5 x 109
uranium-233 9.6 x 10-7 9.3 x 10-5
thorium-229 4.5x10-9 4.7 x 10-6
radium-225 45x10-9 1.8 x 10-7
actinium-225 45x10-9 3.0x10-8

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 time period (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.

4.1.5 ECOLOGY

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: Terrestrial Ecol-
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.

Wetlands and potential impacts to wetlands are
discussed in considerable detail in Sections
4.15,4.2.5, and 4.3.5, in accordance with the
requirements of 10 CFR 1022. The floodplain
and wetlands assessment required by 10 CFR

1022 is included in these sections. Sec-

tion 4.3.5.3 discusses threatened and endangered
species separately because several, §uch as the
bald eagle and wood stork, range wndely., and
thus are not restricted to a particular dram.a.ge
basin or reservoir. They also warrant additional
consideration because they are protected by
Federal law and therefore have special status
under the National Environmental Policy Act
(40 CFR 1508.27).

4.1.5.1 Affected Environment

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 of reptiles and @phlbl-
ans also occur in and around the lake. Birds
(shorebirds, wading birds, and birds of 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.
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4.1.5.1.1 Terrestrial Ecology

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 the west), 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) becomes domi-
nant. Some oaks, such as water oak (Quercus
nigra) and willow oak (Q. phellos) occasionally
become established in the understories of the
less densely populated pine stands. These more
open pine stands will often also contain black
cherry (Prunus serotina), black gum (Nyssa syl-
vatica), and persimmon (Diospyros virginiana),
as well as yellow jessamine (Gelsemium sem-
pervirens), Japanese honeysuckle (Lonicera ja-
ponica), broomsedge (Andropogon virginicus),
and an occasional bear-grass (Yucca filamen-
tosa).

On 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 pines were planted in the early 1950s,
with the exception of a few small inclusions
planted in 1988 (SRFS 1997). Two small stands
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, is more
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.

On the west side of the 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

(Quercus spp.) forest on this side. These hard-
woods tend to occur in areas of higher soil
moisture.

The area on and around the dam at the south end
of the lake is open and grassy and maintained in
grass through regular mowing. 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 that were planted in the 1950s
(SRFS 1997).

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 that were established in 1989. Along
the west side of the Steel Creek headwaters is an
old stand of oak-hickory forest that became es-
tablished in 1916 and along the shoreline is a
stand of mature 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).

Only two sensitive plant species occur within a
half mile of the reservoir. These species are
wild indigo (Baptisia lanceolata) and sandhill
lily (Nolina georgiana) (SRFS 1996). Neither
of these 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.

Due to its location (near the Fall Line, where
two physiographic provinces meet), large size
[300 square miles (780 square kilometers)], cli-
mate (wet summers and mild 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, and Giffin 1990). Ta-

ble 4-7 shows the number of amphibian and
reptile species collected during the pre-
impoundment and post-impoundment periods.

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, the mole
salamander (4Ambystoma talpoideum), marbled
salamander (4mbystoma 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-

Table 4-7. Number of am
L-Lake before and after the creation of L-Lake.

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 of aquatic predators,
such as largemouth bass, water snakes (Nerodia
spp.), and cottonmouth “moccasins”
(Agkistrodon piscivorous) after the impound-
ment of 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
Sfloridana)] that were abundant in 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.

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, but the 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

phibian and reptile species collected from Steel Creek and lower reaches of

Steel Creek L-Lake L-Lake
Group 1981-1982 1986 1989
Salamanders 11 6 3
Frogs and toads 13 7 5
Turtles 8 5 2
Lizards 7 6
Snakes 7 10 10
Total 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), softshell turtle (dpalone
spp-), and yellow-bellied slider (Chrysemys
scripta), all of which are aquatic or semiaquatic

species.

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.

Although the birds of L-Lake have not been in-
ventoried, the Savannah River Ecology Labora-
tory conducted surveys of birds 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 of common 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 (4rdea herodias) and great
egret (4. alba)]. Three species — white-eyed
vireo (Vireo griseus), Carolina wren, and tufted
titmouse (Parus bicolor) — were particularly
abundant in surveys in the summer of 1981
(Smith, Sharitz, and Gladden 1981). Appen-
dix D, Table D-2 lists bird species known to oc-
cur in the Steel Creek 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 recent years by sci-
entists involved in research and monitoring
(Scott, Patterson, and Giffin 1990; Bildstein
etal. 1994).

Large numbers of waterfowl have wintered on
the SRS since the early 1950s, when public
access was restricted and hunting banned

TE

(Du Pont 1987a). The lower reaches of Steel
Creek attracted significant numbers of wintering
waterfowl in the 1970s when effluent from L-
Reactor and P-Reactor created expanses of
marsh and open water in portions of the swamp
bordering the Savannah River. By the
mid-1980s, the Steel Creek delta and adjacent
swamp forests were used extensively by forag-
ing mallards (4nas platyrhynchos) and wood
ducks (4ix sponsa) (Du Pont 1987a). Other
waterfowl commonly observed in the Steel
Creek delta in the 1980s included black ducks
(Anas rubripes), blue-winged teal (4nas dis-
cors), and hooded mergansers (Lophodytes cu-
cullatus).

The completion of L-Lake in 1985 provided
additional habitat in the Steel Creek drainage for
wintering waterfowl and other waterbirds.
Numbers of waterfow! using L-Lake over the
October to April migratory 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, the most
abundant species was the lesser scaup (4ythya
affinis) (1,609 observed), followed by mallard
(818), bufflehead (Bucephala albeola) (180),
and ruddy duck (Oxywra 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).

Kennamer (1994) presents data on wintering

.waterfow] use of SRS reservoirs from 1982 to

1994. Four diving duck species — lesser scaup,
ring-necked duck (dythya 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 total num-
ber of waterfow] wintering on the SRS did not
increase over this period: the increased use of
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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
first winter of the Par Pond drawdown, water-
fowl (particularly ring-necked ducks and lesser
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, waterfow!] use of Par Pond increased as its
water level stabilized and aquatic vegetation and
invertebrate populations recovered. This in-
creased use of Par Pond was accompanied by
somewhat lower waterfowl use of L-Lake.

L-Lake has become an important foraging area
for wading 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 densities were significantly higher
at L-Lake than at the two 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).

Seven species of wading birds [great blue heron,
great egret, snowy egret (Egretta thula), little
blue heron (E. caerulea), tricolored heron

(. 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 all wading birds observed in upper
L-Lake and 87 percent of wading birds observed
in lower L-Lake (Bildstein et al. 1994).

The relatively heavy wading bird use of L-Lake
coulc'l be related to the attractiveness of the res-
ervoir as a foraging area (Bildstein et al. 1994),
L-Lake provides ideal conditions for wading

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.

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), feral swine
(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 of these
species forage in the wetlands and marshy areas
around L-Lake; others occur in adjacent up-
lands. Appendix D, Table D-3 lists mammal
species that probably occur in the bottomland
hardwood forests and river swamps of the SRS,
including the forested margins of L-Lake.

4.1.5.1.2 Aquatic Ecology

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 development of a balanced biologif’a]
community in the lower half of the reservoir of
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 Act Section 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 a number of monographs (€-8- Bow-
ers 1991).
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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 of biovolume or 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 terms of chlorophyll and
primary productivity levels and phytoplankton
community composition.

Zooplankton were investigated in L-Lake over
the same 1986-1992 period. Substantial num-
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 terms of numbers, 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 of phytoplankton
and heterotrophic bacteria (Wetzel 1983). A
high density of ciliate protozoans, as found in
L-Lake, is consistent with a high phytoplankton
and bacterial biomass because ciliates graze
bacteria.

Crustacean zooplankton were small in L-Lake;
all cladocerans became rare in summer and
adult copepods were infrequently found (Bowen

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
are members 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 are known to alter the size
structure of zooplankton communities (Brooks
and Dodson 1965).

Benthic Macroinvertabrates

Specht (1996) conducted surveys of L-Lake
benthic macroinvertebrates in September 1995
and compared measures of density, 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) depths were 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 percent of total at most
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).
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Specht (1996) suggested that the changes in the
L-Lake macroinvertebrate community were due,
in part, to the establishment of aquatic macro-
phyte beds along the margins of the reservoir.
Aquatic macrophytes stabilize the substrate
(bottom sediments) of reservoirs, benefiting
both benthic organisms and 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 abundant and 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 of the reservoir, as early-
successional species were replaced by species
characteristic of a more mature ecosystem.

Fish

L-Lake was stocked with approximately 40,000
Jjuvenile bluegill (Lepomis macrochirus) 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 3 16(a) study discussed
above. Fish were collected by electrofishing at
20 stations in five regions of 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,

Statistical analysis of fish collections revealed
patterns of community structure that corre-

sponded with five distinct time 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).

During Period 1, collections were 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
streams and swamps of the Atlantic Coastal
Plain (Lee et al. 1980; Rohde et al. 1994).

By the end of Period 2, shiners and mosqui- ‘
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 abundant as they were in Period .
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.

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-compete'd the
smaller-bodied (and slow-growing) insectivores
(e.g., mosquitofish, shiners, and brook silver-
sides) that were 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 enou?h
to feed on mosquitofish, shiners, and silve.rsld“'s
by their second year (1987) in the reservoir
(Carlander 1977).

By Period 3, L-Lake had developed into a typi-
cal small-reservoir fish community, with large
numbers of bluegill and redbreast, increasing
numbers of threadfin shad, and smaller numbers
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Table 4-8. Relative abundance of L-Lake fish species, 1986 through 1995.

July -
January - July 1986 - August 1987 - Decezlber November
June 1986 July 1987  June 1989 1989 1995
Species P1 P2 P3 P4 P5

Bluespotted sunfish  Enneacanthus gloriosus 0.2 <0.1 0.0 <0.1 0.0
Bluegill Lepomis macrochirus 1.2 79.3 458 16.1 12.3
Brook silverside Labidesthes sicculus 23 <0.1 0.1 1.1 28.5
Brown bullhead Ameiurus nebulosus 0.0 <0.1 0.0 0.0 03
Chain pickerel Esox niger 0.1 <0.1 <0.1 0.1 4.0
Coastal shiner Notropis petersoni 209 0.7 0.1 0.1 133
Creek chubsucker  Erimyzon oblongus 0.8 <0.1 0.0 0.0 0.0
Dollar sunfish Lepomis marginatus 44 0.2 <0.1 0.0 0.3
Flat bullhead Ameiurus platycephalus 0.1 0.1 0.5 0.4 0.0
Gizzard shad Dorosoma cepedianum 0.0 <0.1 0.7 0.8 13
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 14
Largemouth bass Micropterus salmoides 14 1.8 42 29 4.0
Eastern mosquitofish Gambusia holbrooki 144 <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 323 16.1 243 27.1 9.8
Spotted sunfish Lepomis punctatus 6.2 0.6 0.2 <0.1 1.8
Threadfin shad Dorosoma petenense 0.0 <0.1 232 49.9 0.0
Warmouth Lepomis gulosus 0.3 0.1 04 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).

of largemouth bass. Many of the small stream
and swamp species that were present in the wa-
tershed when the reservoir was built had be-
come rare, among them the bluespotted sunfish,
creek chubsucker, coastal shiner, dollar sunfish,
spotted sunfish, and mosquitofish.

Threadfin shad was the most abundant species
in Period 4 collections, with redbreast and
bluegill second and third in abundance (Paller
1996). These three species comprised more
than 90 percent of 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.

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-
came much more 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 percent of fish collected in Period 3 and
49.9 percent of fish collected in Period 4, were
not collected in Period 5.

These shifts in species dominance appeared to
be independent of L-Reactor operations and re-
sultant temperature and dissolved oxygen fluc-
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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
where water 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 of high water temperatures and low
levels of dissolved oxygen (Tomelleri and
Eberle 1990; Rohde et al. 1994).

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).

As noted 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 significant numbers 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.

Examination of the habitat requirements of the
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

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.

Aquatic vegetation had become well 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 of the planted areas increased from
1 percent in 1987 to 22 percent in 1989
(Westbury 1993) and continued to increase
through 1991. Among the most abundant spe-
cies were eelgrass (Vallisneria americana), lo-
tus (Nelumbo lutea), and pondweed
(Potamogeton diversifolius).

Although the expansion of aquatic vegetatioy
throughout the littoral zone of L-Lake expli.!lns
many of the fish assemblage changes associated
with Period 5, it does not account for the appar-
ent absence of threadfin shad. In addition, pre-
dation alone probably was not responsible for
the decline of threadfin shad because shad were
abundant during Periods 3 and 4 when large-
mouth bass were well established and abunda!ﬂ»
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 indicgted
by chlorophyli-a) remained relatively high in
L-Lake through 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 time and
by 1990 many microcrustaceans were compara-
tively rare (Wike et al. 1994).
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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, nutrient availability might have
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.

Entrainment and Impingement of Fishes

In early 1988, when K-, L-, and P-Reactors last
operated, the maximum 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 per minute

(11.3 cubic meters per second) each for once-
through cooling at K-and L-Reactors, 22,000
gallons per minute (1.4 cubic meters per sec-
ond) for makeup 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) larvae were entrained most often,
while eggs of two species, American shad and
striped bass, were most often entrained, com-
prising 73 percent of all eggs drawn into river
water intakes. The Final EIS for Continued Op-
eration of K-, 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).

Studies conducted at the 1G and 3G Pumphouse
intakes in the 1980s indicated that approxi-
mately 6,000 fish were lost to impingement an-
nually. Sunfish (bluespotted sunfish, redbreast
sunfish, and warmouth) and shad (threadfin and
gizzard shad) were the groups most often im-

pinged. DOE did not attempt to assess the sig-
nificance of these impingement losses, but they -
probably were comparatively minor (DOE

1990).

Since 1988, there has been a dramatic reduction
in the rates of surface water withdrawn from the
Savannah River. By 1988, all SRS production
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 shut down 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 per minute (1.8 cubic meters per
second) for maintenance of L-Lake water levels;
auxiliary equipment cooling in K-, L-, and P-
Areas; fire protection in K-, L-, and P-Areas;
and sanitary wastewater in K-, L-, and P-Areas.

4.1.5.1.3 Wetlands Ecology

The filling of L-Lake inundated approximately
225 acres (0.9 square kilometer) of wetlands and
775 acres (3.1 square kilometers) of uplands 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 for use 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 (4lnus spp.) bordering the stream with
other woody species such as sweetgum
(Liquidambar styraciflua) and red maple (Acer
rubra) occurring on the banks. As the stream
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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).

The area of the corridor that was later inundated
by the reservoir had wetlands ranging from open
water to forested. The vegetation was classified
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 five map-
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 areas within the
lake basin. Outside the lake basin an additional
193 acres (0.8 square kilometer) of mostly 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 t0 1.5 meters) above the

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 not harvested 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).

Although DOE intended that L-Lake be used to
mitigate the impacts of thermal effluent from
L-Reactor on Steel Creek and the Sava.nnah.
River, its use resulted in new impacts requiring
mitigation (McCort, Lee, and Wein 1988). One
component of the mitigation required by the
regulatory agencies was the establishment of a
Balanced Biological Community within L-Lake.
DOE decided to accelerate the process of nat-
ral succession by planting wetland vegetation
within the cooler southern end of L-Lake in an
effort to establish a Balanced Biological Coql-
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 establishment of'
wetland/littoral vegetation 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).

Table 4-9. Wetland community types occurring in the Steel Creek corridor.2

Wetland type

Mapping unit

Aquatic Bed

Scrub-shrub - Broad-leaved deciduous
Forested - Broad-leaved deciduous
Forested - Broad-leaved deciduous

Forested - Broad-leaved deciduous

a. Source: Smith, Sharitz, and Gladden (1981).

Open water

Alnus serrulata

Salix sp.

Alnus serrulata-Myrica cerifera

Liquidambar styraciflua-Acer rubrum-Salix sp.
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Establishment of wetland vegetation along the
shoreline of L-Lake occurred through natural
colonization and planting of aquatic macro-
phytes. Shortly after L-Lake filled in October
1985, aquatic macrophytes became 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 panel of experts in the
areas of wetland ecology and restoration to the
Savannah River Site. The panel developed a
management plan for establishing an appropri-
ate wetland plant community, which recom-
mended that Par Pond serve as the primary
source of plant material because its vegetation
was adapted to elevated water temperatures, it
was close to L-Lake, and the species found in it
were representative of natural wetland species
in the region.

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) above mean 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 of some grasses were obtained from
commercial sources. Species that were planted
are listed in Appendix D, Table D-5. Major
limitations to successful vegetation establish-
ment were identified at the outset. These in-

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)].

Kroeger (1990) and Westbury (1993) provide
the most 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, and most plots were unvege-
tated (Wike et al. 1994).

Approximately 30 species were planted in the
emergent zone, and by 1989 most were still
surviving. By 1989, 84 percent of the plots
sampled had vegetation, and mean cover per
plot was 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. americana moved
into the emergent zone 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).

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
of willow (Salix nigra) shoots, decreases in
relative frequency and cover of 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 the most important components. No Jun-
cus, Polygonum spp., or Panicum/Sacciolepsis
were found. S. nigra had a higher frequency in
the unplanted areas than in the planted areas
(Wike et al. 1994),

Discussions of changes 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 Biological Monitor-
ing Program for L-Lake and Steel Creek, which
was part of the project to ensure the establish-
ment of 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.

In the first 5 years (1986 through 1990) after the
creation of L-Lake, plant community develop-
ment was limited to emergent aquatic macro-
phytes and wetland plants near the shoreline. In
1991 and 1992, submersed and floating-leaved
macrophytes such as V. americana and Potq-
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mogeton diversifolius greatly increased in abun-
dance. Appendix D, Table D-6 lists the plant
taxa mapped in the study plots in descending
order of their whole lake (four study plots) an-
nual mean areal coverage. The species-specific
annual mean areal cover (square meters per
hectare) and frequency are based on 16 samples
(four stations x four seasons) (Westbury 1993).

A seed bank study at L-Lake (Collins and Weip
1995) detected the presence of a total of 136 dif-
ferent taxa (see Appendix D Table D-7).
Thirty-three percent were 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 had more 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).

A recent mapping effort by Savannah River
Ecology Laboratory mapped areal coverage and
estimated acreage for three vegetation classes:
submersed aquatic, floating-leaved, and emer-
gent vegetation (Wein 1996). Aerial photo-
graphs taken in March 1996 were used to map
the submersed aquatic vegetation. The floating-
leaved and emergent vegetation were mapped
using Global Positioning System data col!ected
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. larifolia,

P. hemitomon, Eleocharis quadrangulata, and
Hydrocotyle umbellata.
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Table 4-10. Aquatic macrophyte coverage of L-Lake, 1996.2

Area in acres

Class name (square kilometers) Percentage
Open water 969 (4.0) 88.8
Submersed 76 (0.3) 7.0
Floating-leaved 19 (<0.1) 1.7
Emergent 27(0.1) 25
Total 1,091 (4.4) 100.0

a. Source: Wein (1996).

4.1.5.2 Environmental Impacts
4.1.5.2.1 No Action

Terrestrial Ecology

The No-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 of abundance
caused by disease outbreaks, predator-prey in-
teractions, and variation in the availability of
food and other resources.

Agquatic Ecology

Under the No-Action Alternative, DOE would
continue to maintain L-Lake at its current level
of approximately 190 feet (58 meters) and pro-
vide make-up water for the K-Reactor 186-
Basins. Over time, however, the reservoir could
become less productive as a result of normal
reservoir aging processes. As primary 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-
1ty. The productivity of L-Lake has been

maintained by the continuous pumping of nutri- Ire
ents to the reservoir along with large volumes of
Savannah River water. In time, L-Lake would
become a more typical, moderately productive
coastal plain reservoir.

Under this alternative, DOE would continue to
withdraw approximately 5,000 gallons per mi-
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 gallons per minute (24 cubic meters per
second)] when millions of larval fish were en-
trained and thousands of adult fish were im-
pinged annually. Based on studies conducted
from 1983 through 1985, a withdrawal of
380,000 gallons per minute (24 cubic meters per
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 the No-Action Alterna-
tive. Because use of the 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 Ecolo.

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.

4.1.5.2.2 Shut Down and Deactivate

Terrestrial Ecology

This alternative would affect semiaquatic and
terrestrial animals that depend on L-Lake for
critical habitat needs such as breeding and
nesting areas, food, and water. The amount of
shoreline, which is an ecological edge or
“ecotone,” would shrink as the reservoir re-
cedes. There would 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 animals may be
forced to disperse from the area, expending en-

ergy and becoming more vulnerable to preda-
tion.

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 ducks moved to L-Lake in response to
the Par Pond drawdown, but the combined pres-
sure of feeding ducks from both reservoirs
quickly depleted L-Lake’s supply of

TE

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
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.

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 the newly ex-
posed lakebed. Potential risks from exposures
to contaminants are evaluated in more detail in
Section 4.3.5.3 and Appendix B.

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 sufficient water 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 (m
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 organisms and their predators).

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 of the 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.

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.

A number of researchers have documented re-
sponses of reservoir 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 of heat and cold. Depending on the
duration of the drawdown and weather condi-
tions (temperature, relative humidity, and cloud
cover) benthic organisms may be killed or may
survive by burrowing into soft substrates. Indi-
rect effects of drawdown include dessication of
algae and aquatic vascular plants that supply
benthic organisms with food and shelter. Ex-
posed periphyton may be killed in a matter of
days, while exposed vascular plants may live for
several months, depending on temperature and
rainfall.

The most obvious impact of lake level draw-
down on macroinvertebrates would be reduc-
tions in population size due to loss of habitat.
The extent of these reductions in population size
would depend on the area and type of habitat af-
fected. For example, macrophytes offer a more
complex habitat than bare substrates and sup-
port a more diverse and abundant macroinverte-
brate fauna. If water levels recede below the
macrophyte beds, there would be large losses
among benthic populations that use macro-
phytes as habitat. Smaller losses of macroinver-
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.

The impacts of rapid drawdowns may be exac-
erbated by the effects of erosion. When reser-
voir drawdowns are gradual, wetland and upland
plants are more likely to become established on
the exposed lakebed, minimizing erosion and
sedimentation. When drawdowns are more
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 organisms and can smother eggs and
larvae.

When Par Pond was drawn down in 1991, a
large proportion of the littoral macroinverte-
brate benthos was destroyed (DOE 1995a).
Mussels and clams were particularly hard hit.
The introduced clam Corbicula fluminea, which
is widespread in L-Lake, is incapable of long
downslope migrations (Folsom 1983). When
exposed to air, most Corbicula die within a few
days. Survival is dependent upon temperature
and humidity, with clams surviving an average
of 27 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.

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-
terfow] 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.

DOE might also be able to predict changes 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 of the lake
bottom. Standing crops of 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 of oligochaetes and certain larval
dipterans were stable or increased, while densi-
ties of mayflies (Ephemeridae and Baetidae) de-
creased. The littoral-zone benthos showed a
similar trend, with a complete loss of macroin-
vertebrates during the drawdown, and densities
of oligochaetes, 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 Lake Mcllwaine, while

chironomids increased in abundance following
flooding.

These differences could be due to the manner in
which different macroinvertebrate groups colo-
nize (or recolonize) new areas. Oligochaetes are
usually more abundant in deeper waters and
may have the advantage of already being estab-

lished when water levels recede. On the other
hand, chironomids have winged adults, allowing
them to rapidly colonize new habitat, such as
newly flooded areas. Therefore an increase in
the relative abundance of oligochaetes may 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).

As the water 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.

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 streams in the area would develop. Based
on the investigations of 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 (madtoms and
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.

Under this alternative, no river water would be
withdrawn at the 3G Pumphouse. This would
completely eliminate entrainment and impinge-
ment and could have a small positive impact on
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fish populations in the immediate vicinity of the
SRS pumphouses and intakes.

Wetlands Ecology

Natural wetlands in the sandhills of the Upper
Coastal Plain of South Carolina have evolved
with widely fluctuating water levels. The two
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-normal rainfall will create standing
water and saturated soils.

The L-Lake reservoir level simulation com-
pleted in 1994 (Jones and Lamarre 1994) mod-
eled the reservoir level over two different time
periods with different precipitation assumptions
(1969 through 1980 with normal rainfall; and
1980 through 1990 with drought conditions).
Two models, 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, the model shows that the lake cannot
sustain full pool. However, in only one simula-
tion did the lake completely empty.

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

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).

Modeling also indicated that the lake level
would drop slowly during the summer months
and stabilize or even rise during the winter
months. This reflects the fact that the models
are based on stream flow and precipitation in
the region. These cycles of drying and flooding
are typical of bottomland hardwood swamps on
the SRS and in the southeast.

The drought of 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 as buttonbush and maiden-
cane to regain their dominance (Pechmann et al.
1993).

Based on historic data and the models, 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 the waste site remediation
and restoration in early 1991. In the fall of
1991, successful naturally invading species at
Lost Lake 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).
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As L-Lake recedes, the submersed and floating-
leaved aquatics probably would desiccate and
die as they become stranded. 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 waters of the reservoir re-
cede, this cycle of drying and dessication
(during years in which the reservoir drops sev-
eral feet or more), the reestablishment and 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. As noted above, the an-
nual drop 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).

Wetlands surrounding L-Lake would convert to
uplands (through natural succession) as the lake
levels drop. Wetland species such as red maple
and sweetgum would continue to grow as the
shoreline recedes, but upland species would, in
time, assert their dominance.

Lowering the reservoir levels slowly would
mitigate impacts to wetlands and to the animals
that inhabit the wetlands along the shore. Ero-
sion should be minimal during most years along
much of the shoreline but could be a problem
along the steeper section between elevations at
170 feet (52 meters) and 190 feet (58 meters) on

the northeast shore, particularly in drought
years.

As noted in Section 3.2.1, DOE would apply
appropriate measures 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
and seeding bare areas to prevent erosion and
could include a variety of other soil conserva-
tion measures, such as silt fences, sediment bar-
riers, and fabric blankets, which promote seed
growth as well as control erosion, These ero-
sion control measures would be part of a larger
effort to restore the stream €cosystem and asso-
ciated floodplain forest that existed before SRS
operations dramatically altered this ecosystem.

C

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.

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 implementatiop plan that
provides a step-by-step guide to restoring the
plant communities of the riparian corridor and
floodplain that were lost when L-Lake was cre-
ated. In addition to the soil stabilization meas-
ures discussed earlier, this plan would in.clude
provisions for planting and/or U'anspla.ntmg
trees and shrubs that are likely to survive and
propagate in the Steel Creek floodplain. "l'he
Mitigation Action Plan would also contain
monitoring requirements to ensure the success
of the restoration. The lack of woody vegeta-
tion in the bare lakebed (and the shallow water
table) would simplify the reforestation effort
and ensure a high degree of success because
there would be no other trees competing for
water, nutrients, and space.

4.1.5.2.3 Shut Down and Maintain

Impacts of the 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, th.e upland
vegetation would die after a period of inunda-
tion. Wetland species would recolonize the
shoreline when the rate of filling slowed and the
lake level stabilized.

4.1.6 LAND USE

4.1.6.1 Affected Environment

Located in southwestern South Carolina, the
SRS occupies an area of approximately .
300 square miles (800 square kilometers). Th
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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
of Augusta, Georgia, and 19 miles (31 kilome-
ters) south of Aiken, South Carolina, the nearest
major population centers.

With the exception of Site facilities, land cover
consists of a wide variety of natural 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.

Open fields and pine and hardwood forests
comprise 73 percent of the Site; approximately
22 percent is wetlands, streams, and two reser-
voirs (L-Lake and Par Pond); production and
support areas, roads, and utility corridors ac-
count for 5 percent of 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).

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 of Georgia'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).

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.

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, legal requirements, and funding
throughout future planning and decisionmaking
activities. In the report, the Future Use Project
Team made the following recommendations:

¢ SRS boundaries should remain unchanged,
and the land should remain under the own-
ership of the Federal government, consistent
with the Site's designation as the first Na-
tional Environmental Research Park.

e Residential uses of SRS land should be
prohibited.

e If DOE 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.

e SRS land should be available for multiple
uses (e.g., industry, ecological research,
natural resource management, research and
technology demonstration, recreation, and
public education) where appropriate and
nonconflicting, but not for residential use.
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e Some SRS land should continue to be avail-
able for nuclear and non-nuclear industrial
uses, and commercial industrialization
should be an option.

¢ Industrial and environmental research and
technology development and transfer should
be expanded.

¢ Natural resource management should be
pursued where possible, with biodiversity
the primary goal.

® 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
contains more information on the environmental

restoration implications of the proposed action
in this EIS.

It was suggested by EPA in its comments on
DOE’s Waste Management Activities Jor
Groundwater Protection EIS that DOE continue
to use a 100-year institutional contro] period for
guiding future SRS projects that have Site spe-
cific actions (DOE 1987a).

At present, 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.
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4.1.6.2 Land Use Impacts

4.1.6.2.1 No Action

Activities associated with the No-Action Alter-
native would not affect current uses of L-Lake.
DOE has not identified the lake as an 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.

4.1.6.2.2 Shut Down and Deactivate

Under this alternative, L-Lake woulfi recede
over approximately 10 years, returning to th‘e
stream flow conditions of Steel Creel;. During
this period, the research and moniton_ng 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 environg:enta!
restoration implications and ongoing investiga-
tions associated with the cleanup of an exposed
contaminated lakebed. Additional L-La:ke re-
search opportunities would become available,
for example, studying how a biological. com-
munity adjusts to stresses associated with the
return of Steel Creek to original conditions.

4.1.6.2.3 Shut Down and Maintain

The impacts from this alternative would be thf
same as those from the Shut Down and Deacti-
vate Alternative, except DOE could restart thel
River Water System if necessary. Section 3.3-
discusses possible reasons DOE would restart
the system.
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4.1.7 AESTHETICS
4.1.7.1 Affected Environment

The dominant aesthetic 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.

Wetlands are more prevalent along the east side
of L-Lake; lotus is the dominant surface 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 boat ramp 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.

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).

4.1.7.2 Aesthetic Impacts
4.1.7.2.1 No Action

Under 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 lake would not change
and there would be no impacts.

4.1.7.2.2 Shut Down and Deactivate

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 natural recharge from
the environment. The lake would recede over
approximately 10 years to the original Steel
Creek channel.

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 of wildlife
habitat and vegetation. Dried mud flats would
be exposed until revegetation began, and there
could be intermittent odor 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 some old field species
also became established. Figures 4-19 and 4-20
are artists’ rendering of how the lake would ap-
pear as it recedes and revegetation of the ex-
posed lakebed begins.

During the drawdown period, DOE would apply
the following measures to minimize adverse ef-
fects of exposed sediments in the lakebed; these
measures would also help to rebuild natural re-
sources and minimize aesthetic impacts:

o Plant grass seed on exposed sediments to
minimize effects of erosion and exposure of
contaminants in the lakebed

o  Apply other appropriate vegetation meas-
ures to accelerate the reversion of the lake
to the original conditions of Steel Creek

e Seed the upstream face of the dam after the
lake level dropped below the top portions of
the dam, which are protected by riprap

The effects of these landscape changes cannot
be quantified. Aesthetics is a subjective factor,
dependent on individual perception and oppor-
tunity. In essence, it depends on whether a
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particular object or scene would affect the indi-
viduals viewing it. The nearly 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.

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.

4.1.8 OCCUPATIONAL AND PUBLIC
HEALTH

4.1.8.1 Affected Environment

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 contains many sources of ionizing
radiation, and it is important to understand all

such sources to which people are routinely ex-
posed.

Sources of Environmental Radiation

Environmental radiation consists of natural
background radiation from cosmic, terrestrial,
and internal body 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 equivalent whole-body
doses) unless specifically identified otherwise
(e.g., absorbed dose, thyroid dose, bone dose).

Releases of radioactivity to the environment
from the SRS account for less than 0.1 percent

of the total annual average environmental radia-
tion dose to individuals within 50 miles

(80 kilometers) of SRS (Arnett, Mamatey, and
Spitzer 1996).

Natural background radiation contributes about
82 percent of the annual average dose of

360 millirem received by an average member of
the population within 50 miles (80 kilometers)
of SRS (Figure 4-21). Based on national aver-
ages, medical exposure accounts for an addi-
tional 15 percent of the annual dose, and the
combined doses from weapons test fallout, con-
sumer and industrial products, and air travel ac-
count for about 3 percent of the total dose (DOE
1995c¢).

External radiation from natural sources comes
from cosmic rays and emissions from natura!
radioactive materials in the ground. The rad}a-
tion dose to the individual from external radia-
tion varies with the exposure location and
altitude.

Internal radiation from natural terrestrial
sources consists primarily of potassium-40, car-
bon-14, rubidium-87, and daughter products of
radium-226 that people consume in food grown
with fertilizers containing these radionuclides.
The estimated average internal radiatior} expo-
sure in the U.S. from natural radioactivity
(primarily indoor radon daughter products) is
240 millirem per year.

Medical radiation is the largest source of man-
made radiation to which the population o_f thf
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 1995¢). In addition, radiop!lal'ma'.
ceuticals administered to patients for diagnostic
and therapeutic purposes account for an average
annual dose of 14 millirem prorated over the
population. Thus, the average medical radiation
dose in the U.S. population is about 53 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 does not mean
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that every member of 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.

A variety of consumer 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 dial watches, air-
port X-ray inspection systems, smoke detectors,
tobacco products, fossil fuels, and building ma-
terials. The estimated average annual dose for
the U.S. population from these sources is

10 millirem per year (DOE 1995¢). About one-
third of this dose is from external exposure to
naturally occurring radionuclides in building
materials.

People who travel by aircraft receive additional
exposure from cosmic radiation because at high
altitudes the atmosphere provides less shielding
from this source of radiation. The average an-
nual airline passenger dose, prorated over the
entire U.S. population, amounts to 1 millirem
(DOE 1995¢).

Radiation Levels in the Vicinity of SRS

Figure 4-21 summarizes the major 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 and medical dose, are
independent of SRS.

f‘\tmospheric testing of nuclear weapons depos-
Ited approximately 25,600,000 curies of cesium-
137 on the earth's surface (DOE 1995¢c). About

104 millicuries of cesium-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) of the Savannah River watershed 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 1995¢).

Onsite monitoring shows an average of 50 mil-
licuries of cesium-137 per square kilometer
(1976 to 1982 average) in the upper 2 inches
(5 centimeters) of the soil column; this is half
the original amount. Some of the cesium has
moved down in the soil column, and some has
moved in surface water to the Savannah River.

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 1995¢), and the popula-
tion dose from normal operations is very small.
The 50-mile- (80-kilometer-) radius population
receives an immeasurably small radiation dose
from the transportation of low-level radioactive
waste to the burial 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).

In 1995 releases of radioactive material to the
environment from SRS operations resulted in a
Site boundary maximum dose from all pathways
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Figure 4-2]. 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-
nual dose at the SRS boundary of 0.20 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).

In 1996 the population within 50 miles

(80 kilometers) of SRS was 672,122 (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
of 65,000 people using water from Port Wen-
tworth (Savannah), Georgia, and from Beaufort
and Jasper Counties, South Carolina received a
collective dose equivalent of 1.6 person-rem
(Armnett, 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
hypothetical maximally exposed individual
among the hunters. In 1995 this hypothetical
hunter harvested three animals during the hunts.
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) of meat]. The es-
timated dose was 30 millirem (Arett, Ma-
matey, and Spitzer 1996), which represents

30 percent of the DOE annual limit of

100 millirem (DOE Order 5400.5).

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

Site.a
Milesb
Direction 0-5 5-10 10-20 20-30 30-40 40-50 Total

N 0 28 5,765 10,853 5,492 13,235 35373
NNE 0 6 1,430 2,238 4,819 15,572 24,065
NE 0 1 3,191 3,172 5,712 11,053 23,129
ENE 0 29 3,387 4,858 5,786 44,195 58255
E 0 168 7,308 5,748 9,554 4,698 27,476
ESE 0 39 1,686 2,093 2,938 3,526 10,282
SE 0 28 592 7,055 7,248 9,297 24,220
SSE 0 43 423 833 1,469 2,752 5,520
S 0 1 603 1,442 7,861 3,615 13,522
SSW 0 2 972 2,175 4,533 3,191 10,873
Sw 0 18 1,023 2,428 2,825 2,383 9,177
WswW 0 65 1,195 7,707 2,478 6,306 17,751
w 0 59 3,591 8,604 8,666 7,349 28,269
WNW 0 486 3,621 115,805 54,542 12,520 186,974
NwW 0 293 6,393 95,284 28,808 3,279 134,057
NNW. 0 393 19,535 29,437 7,225 6,589 63,179
Total 0 1,659 60,715 299,732 159,956 150,060 672,122

a. Source: Simpkins (1996b).
b. To convert miles to kilometers, multiply by 1.6093.
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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 the mouth of
Steel Creek on SRS, was 1.20 millirem (Amett,
Mamatey, and Spitzer 1996), or 1.2 percent of
the DOE annual limit.

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 (Amett, Mamatey,
and Spitzer 1996). This level is typical of nor-
mal background gamma levels in the general
area (100 millirem per year measured in Girard,
Georgia, in 1995). The maximum gamma ra-
diation level measured on the Site (N-Area) was
275 millirem per year (Amett, Mamatey, and
Spitzer 1996).

DOE 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-
ological monitoring and the results of analyses
of environmental samples. These reports also
summarize the results of the extensive ground-
water monitoring at SRS, which uses more 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.

T

(2]

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

Table 4-12 lists gamma radiation levels meas-
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 year measured at
the SRS boundary. This difference is attribut-
able to differences in geologic composition and
to facility operations.

Analyses of soil samples from uncultivated ar-
eas measure 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-Lake

To support this EIS, DOE conducted a 2-year,
full-scale contaminant study to develop a com-
plete and defensible list of contaminants in
L-Lake. The sampling locations chosen were
biased toward areas of suspect contamination
such as the original stream channel. In the fol-
lowing discussion, L-Lake includes both the
lake itself and the original creek 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 faciliﬁeﬁi’__,
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_: Amett, Mamatey, and Spitzer (1996).
b.  One milliroentgen is approximately 1 millirem.
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Table 4-13. Maximum measurements of radionuclides in soil for 1995 [picocuries per gram; 0 to

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

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 ®) ®) )

Site boundary 0.00185 0.424 0.00190 0.0149
Background [100-mile 0.00741 0.355 0.000578 0.00681

(160-kilometer radius)] |Te

a. Source: Arnett, Mamatey, and Spitzer (1996).
b. Activity is below the lower level of detection.

However, for the purpose of this risk assess- Table 4-14 lists the average concentrations of
ment, it is assumed that the entire creek bed radionuclides and metals meeting the screening
would become exposed. As a result, no credit is criteria for the samples taken in 1995 and 1996.
taken for the shielding that this water would DOE used these data for input to the Multimedia
provide. Appendix F provides a more compre- Environmental Pollutant Assessment System
hensive description of the sampling program. (MEPAS) computer code (Droppo et al. 1995) |
Table 4-14 provides an average of all samples for impact analysis by spatially averaging these
that screened above EPA risk-based guidelines. values over the entire lakebed. These values
This method provides a conservative approach were also used for evaluations presented in Ap-
toward risk determination. pendixes A and B.

DOE in 1995 collected sediment cores from Figure 4-22 presents a cesium-137 isodose
shallow and deep water locations in L-Lake. contour of L-Lake.

The 0- to 1-foot (3 1-centimeter) segments of

these samples were analyzed for radioactive and Water samples from L-Lake were analyzed to
nonradioactive constituents and the results were determine concentrations of radionuclides and
validated (Koch, Martin, and Friday 1996). In ™ metals. Table 4-15 lists the results of these

1996 DOE collected additional surface soil and analyses.

sediment cores 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 the number 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 constituent results were
screened with the Westinghouse Savannah
River Company Risk Based Activity screening
criteria (Dunn and Martin 1997).

4.1.8.1.2 Occupational Health

The major goal of the SRS Health Protection
Program is to keep the exposure of workers to
radiation and radioactive material within safe
limits and, within those limits, as low as rea-
sonably achievable. An effective radiation pro-
tection program must minimize doses to
individual workers and the collective dose to all
workers in a given work group.
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Table 4-14. Average concentration and inventory of radionuclides and metals in L-Lake sediments

Contaminant Concentration Invexftory

Radionuclides (PCi/g) (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
Uranjum-233/234 0.77 1.54

Metals (ng/kg) (grams)
Antimony 6.9 x 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 x 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 x107

2. Source: Dunn and Martin ( 1997).

Sources of Radiation Exposure to Workers at
SRS

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 of worker 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 if workers have accidentally inhaled or in-
gested them.

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 of external 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

from external sources is nonpenetrating and
produces no external exposure.

Internal exposure occurs when radioactive ma-
terial is inhaled, ingested, or absorbed through
the skin. Once the radioactive material is 1'nsnde
the body, low-energy beta and nor.xpene_u'atlng
alpha radiation emitted by the radioactive mate-
rial in proximity to organ tissue can produce 2
dose to that tissue. If this same radioactive ma-
terial were outside the body, the low p.enetratmg
ability of the radiation would prevent xt.from
reaching the critical organs. To determine
health hazards, organ dose can be converted t0
effective dose equivalents. The mode of expo'n
sure (internal versus external) is irrelevant whe
comparing effective dose equivalents.

SRS Worker Dose

The purpose of the radiation protection progln;m
is to minimize doses from external fm.d inte p
exposure; it must consider both indnv‘ldu.al_m‘ual
collective doses. DOE could reduce }nleld
worker dose to very low levels by using many ;
workers to perform extremely small P°“f°ns?
the work task. However, frequent changing 0
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Source: WSRC (1995c).

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.2

Contaminant

Concentration

Radionuclides
Tritium

Metals
Barium
Manganese
Magnesium
Vanadium
Beryllium

(pCi/ml)
10.0
(pg/ml)
1.1 x 102
2.5 x 102
12
4.6 x 10-4
3.9 x 104

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.

Worker doses at the SRS have 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 individual doses and SRS
collective doses from 1988 through 1995.

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 €xposures 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

TC

TE

small doses (less than 10 rem) over a period of
many years (chronic exposures) and the faf:t that
the extent to which cellular repair mechanisms
reduce the likelihood of cancers is unlmo»yn. '
Therefore, the radiological risks reported in !hlS
EIS should be used only for relative comparl-
sons between alternatives and should not be in-
terpreted as absolute or actual risks.

In the United States, 23.4 percent of human
deaths each year are caused by some form 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 age and
sex distribution. Workers who are exposed to
radiation have an additional risk of 0'.0004 latent
fatal cancer per person-rem of radiation expo-
sure (DOE 1995c).

In 1995, 5,157 SRS workers received a measur-
able dose of radiation amounting to 256 person-
rem (Table 4-16). Therefore, this group °°“ld_
experience as much as 0.1 (0.0004 x 256) addi-
tional cancer death due to their 1995 occup2-
tional radiation exposure. Continued operation
of the SRS could result in as much as

0.1 additional cancer 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 be one
additional death from cancer among the work
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, 1988-1995.2

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 (1995¢), 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 the health 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.

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 fatal cancers for populations and the maxi-
mum probability of death of a maximally ex-
posed individual.

In addition to latent cancer fatalities, other
health effects could result from environmental
and occupational exposures 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-

gested the use of detriment weighting factors
that consider the curability rate of nonfatal 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 for nonfatal 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 terms of latent cancer fatalities,
because that is the major health effect from ex-
posure to radiation.

For nonradiological carcinogenic health effects,
risks are estimated as the incremental probabil-
ity of an individual developing cancer (either
fatal or nonfatal) over a lifetime as a result of
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.

The potential for nonradiological noncarcino-
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 of exposure to toxicity is
called a hazard quotient (EPA 1989). The non-
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cancer hazard quotient assumes that there is a
level of exposure below which even sensitive
populations would be unlikely to experience ad-
verse health effects. If the exposure level ex-
ceeded this threshold, there could be concern for
potential noncancer effects.

To assess the overall potential for noncarcino-
genic effects posed by more than one chemical,
a hazard index approach is used (EPA 1989).
This approach assumes that simultaneous sub-
threshold exposures to several chemicals could
result in an adverse health effect. It also as-
sumes that the magnitude of the adverse effect
will be proportional to the sum of the ratios of
the subthreshold exposures to acceptable expo-
sures. The hazard index, therefore, is described
as the sum of the hazard quotients. If the hazard
index exceeds 1, there could be concern for po-
tential health effects.

DOE used the MEPAS 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. The MEPAS 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 of exposure pathways
(drinking water, leafy vegetables, meat, etc.).
MEPAS reports impacts for radiological expo-
sures in terms of dose (rem) and cancer risk.
For chemical exposures, it can report impacts as
cancer risks or hazard index.

Because future use scenarios for the SRS in-
clude the use of Site lands for recreational ac-
tivities (DOE 1996b), heaith impacts that could
result from recreational use by members of the
public are analyzed in this EIS. In addition,
DOE tias 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

future and current land use worker scenarios.
The following sections provide details of these
scenarios.

Figures 4-23 and 4-24 show the pathways
evaluated in this EIS for members of the public
and workers, respectively. This EIS reports
only impacts that would 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. Most of these impacts
would be so small they could not be measured
accurately and, therefore, must be 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

The No-Action Alternative assumes L-Lake
would remain at full pool [190 feet (58 metefS)
above mean sea level] and contaminated sedi-
ments would remain saturated and, therefore,
would not become resuspended and avajla_ble
for transport to another location or inhalation.
However, this analysis assumes that tritium
would volatilize from the surface of the lake and
become available for inhalation and absorption
under current and future land use scenarios Py
members of the public and involved and unin-
volved workers. Workers could also be exposed
to contaminants in the surface water.

Public Health Impacts

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 off the
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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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

T | constituents of concern listed in Table 4-15.

Radiological Impacts

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 1995¢). This
factor is slightly higher than that for workers

because infants and children are part of the gen-
eral population.

Effects are estimated for the Population group
consisting of the 672,122 people living within
50 miles (80 kilometers) of SRS (Simpkins

Volatilization

- e ———

1996b) and for the maximally exposed mdmd-E
ual within this group. For this assessment, DO
assumed that the population would remain cor-
stant over the 70-year period of analysis. This
assumption is justified because (1) c'urr‘ent esti-
mates indicate that the population will mcreasc;5
by less than 15 percent during this _perlod (00
1995c¢), (2) there are uncertainties in t!le <'leter-
mination of year-to-year population 'dlStl'lbU‘
tions, and (3) although the absolute impacts
would increase proportionately witl_l populamﬂ11
growth, the relative impact comparison betwee
alternatives would not be affected.

The MEPAS code converts airborne radiologl-
cal releases to doses. This code calculates 'thji-
dose to a hypothetical maximally exgosed in
vidual at the SRS boundary (located in the
southern compass sector for releases from "
L-Lake) and the collective dose to the popul2
tion within a 50-mile (80-kilometer) radius.
The current land use scenario under the No-
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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 contact with
shoreline sediment and surface water, external
direct exposure from shoreline sediments and
surface water, and consumption of fish taken
from the lake.

Table 4-17 lists the calculated atmospheric
doses. For the current land use scenario, the
annual doses (0.00015 millirem 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 (Amnett, Ma-
matey, and Spitzer 1996)]. These doses from
1995 operations were well within 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.

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 the maximally exposed individual dying
of cancer as a result of 70 years of exposure to
radiation under the No-Action Alternative is

1.3 x 109 or slightly more than 1 in a billion.
Radiological doses and resulting health effects
(number of fatal cancers) that could occur in the
regional population of 672,122 people for this
same exposure period would be 1.2 x 10-5.

About 23 .4 percent of deaths in the U.S. popu-

lation are attributable to cancer from all causes; |1c

accordingly, the probability of an individual

dying of cancer is 0.234, or approximately 1 in
4. In a population of 672,122 people [the num-
ber of people living within 50 miles

(80 kilometers) of SRS], the number of people
likely to die of cancer would be 157,000.
Similarly, the annual risk of fatal 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 be much
smaller than the incidence of cancers from all
causes.

For the future land use scenario, the calculated
annual dose and resulting cancer risk

(0.38 millirem to the maximally exposed indi-
vidual and a 1.9 x 10-7 risk of latent fatal can-
cer) would be higher than for the current land
use scenario because members of the public
would be able to come into 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.

Nonradiological Impacts

Table 4-18 lists the hazard index and cancer risk
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 that members of the public
would use L-Lake for recreational activities.
Under this scenario, exposure pathways would
include incidental ingestion of shoreline sedi-
ments and surface water, dermal contact with
shoreline sediment and surface water, and con-
sumption of fish taken from the lake.

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.
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Table 4-18. Nonradiological hazard index associated with the No-Action Alternative for members of the
public.2

Annual (lifetime)b
Receptor latent cancer risk¢ Hazard index
Offsite maximally exposed individual 3.1x 107 6.2 x 10-2
(Future use)d 2.1 x 10-5)

o o

See Table C-3 in Appendix C.

Based on 70 years of exposure.

Resulting from exposure to beryllium in surface water.
Assumes future recreational use of L-Lake.

The lifetime risk of fatal cancer due to exposure
to beryllium in the surface water of L-Lake is
2.1 x 10-5. This is a small fraction of the nor-
mal incidence of fatal cancers (0.234) in the ex-
posed population from all causes.

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 contact with shoreline
sediments. Other exposure pathways evaluated
include incidental ingestion of shoreline sedi-
ments and direct radiation exposure to sedi-
ments (Figure 4-24). To evaluate shoreline
sediment exposure pathways, the MEPAS com-
puter code caiculated the concentration of radi-
onuclides in L-Lake shoreline sediments based
on ambient water concentrations of the radio-
nuclides (Table 4-15). This method will esti-
mate the incremental impacts (above baseline)
resulting from exposure to shoreline sediments
that are exposed while L-Lake is maintained 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,

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.

An evaluation (Appendix C) determined the hy-
pothetical maximally exposed uninvolved
worker is in L-Area [approximately 2 miles
(3.2 kilometers) from the release point (center
of L-Lake)). This individual is assumed to be
exposed for 40 hours a week. Population doses
were calculated for the uninvolved workers in
this area based on a population of 251 workers
(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 individual workers not ex-
ceed 5 rem per year. DOE requires that expo-
sure to the maximally 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 fatalities were 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
sometime during his 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 the No-Action Alternative and resulting health

e Individual All workers
Probability of Dose Number of fatal
Receptor(s) Dose (rem) fatal cancer (person-rem) cancers
b (current use) .
Invo::ju:l?ker ¢ 5.0 x 10-8 2.0 x 10-11 3.5 x 10-6d 14x109
Lifetime® 22x107 8.7 x 10-11 1.5 x 10-5 6.1x 109
Involved worker (future use)b

" Annual¢ 1.1 x 10-6 44 x10-10 7.7 x 10-5 3.1x 10‘:
Lifetimee 1.5 x 105 5.9 %109 1.0 x 103 41x10°
Uninvolved workerf -
mnAnnualc 2.0x108 7.8 x 10-12 4.9 x 10-6 2.0x109
' 8
Lifetime® 2.6 x 10-7 1.1 x 10-10 6.6 x 10-5 2.6 x 10-

See Tables C-4, C-5, and C-6 in Appendix C. dbe 70
timated number of involved workers wou . ]

c. :hn;::.l individual worker doses can be compared to the regulatory dose limit of 5 rem (10 CFR 83(51])2111;::“!“1.1.e
SRS administrative exposure guideline of 0.7 rem. Operational proc.ed}n'es ensure that the ic?se :gle Basdon
mally exposed worker will remain as far below the regulatory dose limit as is reaspnably acl 1e\ll1 re;:eived .
atotal of 13,651 monitored workers (Kvartek 1996), the 1995 average dose for Site workers who
measurable dose was 0.019 rem (See Table 4-16). +16)

d. Total for all involved workers; 1995 SRS total for all workers was 256 person-rem (see Table X

i orkers.
e. Based on 5 years of exposure for current workers and 25 years of exposure for future and uninvolved w
Doses are corrected for radioactive decay.

f. L-Area. Total uninvolved workers estimated to be 251 [Source: Simpkins (1996¢)].

S o

could produce up to 1.4 x 10-9 additional fatal sult of the estimated exposur.e would be o
cancer as the result of a single year’s exposure; 7.8 x 10-12. For the total uninvolved wo ° “;
over a 5-year career, the involved workers could the collective radiation dose could pmduceregult
have 6.1 x 10-9 additional fatal cancer as a re- an additional 2.0 x 10-9 fatal cancer as the

sult of exposure.

of a single year’s exposure; over a 25-year ca(-ﬁ-
reer, the uninvolved worker could have an ad
tional 1.1 x 10-10 risk of developing  fatal .
cancer and 2.6 x 10-8 additional fatal cancer it
the workforce.

Under the future land use scenario, the prob-
ability that the average involved worker would
develop a fatal cancer sometime during his life-
time as the result of a single year’s exposure to
radiation under the No-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
exposure.

The calculated numbers of fatal cancers due ©©
worker exposure to radiation can be com

to the number of fatal cancers that wou}d n:],:ir
mally be likely among the workers during eof
lifetimes. Population statistics indicate that, .
the U.S. population that died in 1994, 23 Ape
cent died of cancer (CDC 1996). If ‘thls P“J’tan .
centage of deaths from cancer remains conselop
23.4 percent of the U.S. population will dev

The annual probability of an individual unin- a fatal cancer during their lifetime. Therefore,

volved worker developing a fatal cancer as a re-
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in the group of 70 involved workers, about 16
normally would be likely to die of cancer.

The probability of developing a radiation-
induced fatal cancer associated with the No-
Action Alternative would be much 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.

Nonradiological 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
same as 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 pathways would not exist for this in-
dividual. Table 4-20 lists the results; the calcu-
lated hazard index 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 be not be
likely to experience adverse health effects.

4.1.8.2.2 Shut Down and Deactivate

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.

Public Health

Radiological Impacts

To estimate the health effects associated with
the Shut Down and Deactivate Alternative on
the public, radiological doses were calculated
only to the maximally 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.2

Annual (lifetime)P )
Receptor(s) latent cancer risk Hazard index
Involved worker (current use) 9.1 x 109 2.1 x 104
(4.5 % 10°8)
Involved worker (future use) 1.3 x10-8 4.8 x 10-5
(.1 10°7)
Uninvolved worker¢ Ncd NC

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

L-Area.

an o

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

NC = not calculated; nonradiological constituents are not released under the No-Action Alternative.
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For the Shut Down and Deactivate Alternative,
in addition to the 672,122 people living within
50 miles (80 kilometers) of SRS who would be
exposed through the atmospheric pathways,
doses from aqueous releases were calculated for
the 65,000 people (Amett, Mamatey, and
Spitzer 1996) who use the Savannah River for
drinking water (Port Wentworth, Georgia, and
Beaufort and Jasper Counties, South Carolina)
and who would be exposed to releases to the
River. As discussed previously for atmospheric
releases from L-Lake, the maximally exposed
individual would be at the Site 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 same maximally exposed
individual from atmospheric releases.

As with atmospheric pathways, the MEPAS
code calculated doses and impacts from water-
borne releases. This code calculated the dose to
a hypothetical maximally 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 the maximally exposed
individual. Downstream population doses were

calculated from the ingestion of water from the
Savannah River.

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

population (Amett, Mamatey, and Spitzer
1996)].

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 individual dying of cancer as a result of
70 years of exposure to radiation is 9.7 x 10;
the number of additional fatal cancers in the re-
gional population for this same exposure period
would be 1.0 x 10-5.

Nonradiological Impacts

Table 4-22 lists the hazard indexes associatefl
with the Shut Down and Deactivate Alternative.
Hazard quotients were calculated for atmos-
pheric and aqueous exposure pathways for the
current land use scenario.

As listed in Table 4-22, the calculated total haz-
ard index for the maximally exposed indiv'idu_al
is a small fraction of one. Therefore, this indi-
vidual would not be likely to experience adverst
health effects. In addition, the lifetime cancer
risk to the maximally exposed individual would
be 5.6 x 10-7.

Occupational Health

Radiological Impacts

DOE estimated doses to involved and unin-
volved workers for the Shut Down and DeaC_tl-
vate Alternative using the exposure assumptions
discussed above with the additional paﬂ)v{ay re-
sulting from inhalation of resuspended, dried
sediments. The doses and resulting impacts
(although still very small) have increased over
the No-Action Alternative due to the expOSed
sediments.

The incremental worker doses (the incr'ease 1;1
dose due to activities under the No-Action A 'S
ternative) are listed in Table 4-23. These dose
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Table 4-22. Nonradiological hazard index and cancer risks associated with the Shut Down and Deacti-
vate Alternative for members of the public.2

No-Action Alternative Shut Down and Deactivate Alternative
Annual Aqueous .'Am.mal
(lifetime)c Atmospheric release Total (lifetime)c
Hazard latent cancer release haz- lgaza.rd l3azard latenf
Receptor(s) indexb riskd ard index index index  cancerrisk
- 9
Offsite maximally 6.2 x 10-2 3.1x10-7 69x103  2.1x101 22x101 22 : :gh
exposed individual 2.1 x 10-5) (.

Supplemental information is provided in Tables C-13 and C-14 in Appendix C.
Future land use scenario.

Assumes 70 years of exposure.
Resulting from exposure to beryllium in surface water. ) ]
Resulting from exposure to cadmium, arsenic, and beryllium in contaminated sediments.

a0 o

represent a small fraction of the DOE limit worker population could have 2.1 x 10-2 addi-

(10 CFR 835) that require that annual doses to tional fatal cancer as a result of exposure.
individual workers not exceed 5 rem per year as o - olved
well as a small fraction of the SRS administra- ™| The probability of any individual uninvo \;t N
tive limit of 0.7 rem per year (WSRC 1995d). worker developing a fatal cancer as a result o

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 resu’lt ofa
single year’s exposure; over the worker’s
25-year career, the uninvolved worker pOPD!a'
tion could have an additional 3.5 x 10-6 addi-
tional fatal cancers.

The probability that the average involved

worker would develop a fatal cancer sometime

during his lifetime as the result of a single

year’s exposure to radiation under the Shut

Down and Deactivate Alternative and current T
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
€xposure; over the worker’s S-year career, the

involved worker population could have Nonradiological health impacts (hazard mde);)
3.2 x 105 additional fatal cancer as a result of were calculated for the current and future lan ]
exposure. use scenarios for the involved worker. The;?:
posure pathways and exposure times would
the same as those discussed previously. Ta-
ble 4-24 lists the results. As listed, the calcu;ed
lated hazard indexes for the maximally expo:
involved worker under the current and fuml‘;"
land use scenarios (1.1 x 10-2 and 2:1 x 10-%,
respectively) would be a small fraction of one.
Therefore, these individuals would be not be

gle year’s exposure; likely to experience adverse health effects.
-Year career, the involved

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-
time as 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
could produce up to 1.1 x 10-3 additional fatal
cancer as the result of a sin
over the worker’s 25
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Table 4-23. Worker radiological doses associated with the Shut Down and Deactivate Alternative and
resulting health effects.a

Shutdown and Deactivate

No-Action Alternative Alternative
Probabilityb or Probabilityb or
number of fatal number of fatal
Receptor(s) Dose (rem) cancers Dose (rem) cancers

Involved worker (current use)

AnnualC€ 5.0 x 10-8 2.0 x 10-11 2.4 x 104 9.7 x 10-8

Lifetimed 2.2x10-7 8.7 x 10-11 1.1 x 103 4.5 x 107
All involved workers€ (current use)

Annual€ (person-rem) 3.5x10-6 1.4 x 10-9 1.7 x 10-2 6.8 x 10-6

Lifetimed (person-rem) 1.5x 105 6.1 x 109 7.9 x 10-2 3.2x 105
Involved worker (future use)

Annual® 1.1 x 10-6 4.4 x10-10 4.1 x10-2 1.6 x 10-5

Lifetimed 1.5 x 10-5 5.9 x 109 7.5 x 10-1 3.0 x 10-4
All involved workerse (future use)

Annual€ (person-rem) 7.7 x 10-5 3.1x10-8 2.9 x 10+0 1.1x103

Lifetimed (person-rem) 1.0 x 10-3 4.1 x 10-7 52x10! 2.1 x10-2
Uninvolved workerf

Annual¢ 2.0 x10-8 7.8 x 10-12 1.5 x 10-6 5.8 x 10-10

Lifetimed 2.6 x 10”7 1.1x10-10 3.4x 105 1.4 x 108
All uninvolved workersg

Annual€ (person-rem) 4.9 x 10-6 2.0 x 109 3.7x10-4 1.5 x 10-7

Lifetimed (person-rem) 6.6 x 10-5 2.6 x 108 8.6 x 103 3.4 x10°6

[

ge ™

Supplemental information provided in Tables C-15, C-16, and C-17 in Appendix C. .

For the offsite maximally exposed individual, probability of a latent fatal cancer; for the 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 0.7 rem. Operational pro_cedu.res ensure that t.hg dose to the
maximally exposed worker will 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 T§ble 4-16).

Based on 5 years of exposure for current workers and 25 years of exposure for future and uninvolved workers.
Doses are corrected for radioactive decay.

The estimated number of involved workers is 70.

L-Area.

L-Area the estimated number of all uninvolved workers is 251 (Source: Simpkins 1996¢c).
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Table 4-24. Worker nonradiological hazard indexes and cancer risks associated with the Shut Down and

Deactivate Alternative.a ' ‘
No-Action Alternative Shutdown and Deactivate Alternative
Annual (lifetime)b Annual (lifeﬁn}e)b '
Receptor(s) latent cancer risk¢ ~ Hazard index latent cancer riskd ~ Hazard index
10-8
Involved worker 9.1 x 10-9 6.6 x -
(current use) (4.5 % 10-8) 2.1 x 104 (3.3 x10°7) 1.1x102
-6
Involved worker 1.3 x10-8 12 x 10
(future use) (3.1x10-7) 4.8 x 105 (2.9 x 10-5) 21101
-9 1.1x104
i Ncf NC 1.4 x 10
Uninvolved worker® X 109)
a. See Tables C-20 and C-21 in Appendix C. .
b. Based on 5 years of exposure to the current worker and 25 years of exposure for future and uninvolved

workers.
Due to exposure to beryllium in surface water.

L-Area.

the Ao

Due to exposure to airborne cadmium, arsenic, and beryllium.

NC = not calculated; nonradiological constituents are not released under the No-Action Alternative.

For the uninvolved worker assumed to be in
L-Area, the calculated hazard index of

1.1 x 104 would be a small fraction of 1 and,
therefore, this individual would be not be likely
to experience adverse health effects. The prob-
ability of the uninvolved worker developing a
fatal cancer due to a lifetime of exposure would
¢| be 3.6 x 10-8.

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-

cede to the original Steel Creek stream channel
in a similar manner as that described for the
Shut Down and Deactivate Alternative. There-
fore, the impacts to workers and mel?lber of the
public under Shut Down and Maintain would be
the same as the impacts under Shut Down and
Deactivate.
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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 systems that 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.

Upper Three Runs, a relatively deep, fast-
flowing blackwater stream, is 24 miles

(39 kilometers) long with a 211 square-mile
(545 square-kilometer) drainage basin, some of
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 |Tc
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- |rc
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 of the
drainage basins (Wike et al. 1994).

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
t0 104°F (40°C) where the streams entered the
Savannah River swamp (Bennett and McFarlane

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 streams were subjected
to high flows that produced erosion upstream
and sedimentation downstream, further altering
the community structure of aquatic plants,
aquatic macroinvertebrates, 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.

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 (4. negundo), bald cypress
(Taxodium distichum), water tupelo (Nyssa ag-
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. At present, the swamp
forest consists of second-growth bald cypress,
black gum (Nyssa sylvatica), and other hard-
wood species (Workman and McLeod 1990).

4.2.1 GEOLOGY AND SOILS
4.2.1.1 Affected Environment

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.
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Stratigraphy

The geologic units near or intersecting the SRS
streams are as follows (Prowell 1994):

o Pen Branch — The Tobacco Road and Dry
Branch Formations are exposed in the
stream valley.

e Fourmile Branch — The Tobacco Road and
Dry Branch Formations are exposed in the
stream valley.

o Lower Three Runs — The Tobacco Road and
Dry Branch Formations are exposed in the
watersheds.

e Steel Creek — The Tobacco Road Formation
outcrops along most 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 soil mapping units near SRS
streams are listed below and illustrated in
Figures 4-7, 4-8, and 4-9 (USDA 1990).

ITE
¢ 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)

4.2.1.2 Environmental Impacts
4.2.1.2.1 No Action

There would be no effects from this alternative
on Pen Branch, Fourmile Branch, or Lower
Three Runs soils or 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.

4.2.1.2.2 Shut Down and Deactivate

This alternative would affect the soils and geol-
ogy in the streams because 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
of nearby 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
feet (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 reclaims the slopes. Al-
though the area would revegetate naturally,
DOE would encourage revegetation by seeding.

TC

There would be no effects on Lower Three
Runs. The Par Pond water level would remain
near full pool due to groundwater discharge to
the reservoir and thereby maintaining the level
of discharge into the stream.

TE

4.2.1.2.3 Shut Down and Maintain

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

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
streams and their watersheds.

L1009

In August 1995 DOE prepared an environmental
assessment (EA; DOE 1995a) that addressed the
impact of 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 of No Significant
Impact (DOE 1995b).

11009
Discharges to site streams from the River Water
System during September 1996 are presented in
Table 4-25 (Melendez 1996). The concentration
of contaminants in affected streams would in-
crease due to removal of these discharges.
Tritium does not present a major contribution to
risk under the alternatives in this EIS. Further

more, none of the alternatives presented in this
EIS would increase the risk of tritium release
offsite. However, tritium is a primary sitewide
constituent of concern with regard to the maxi-
mum exposed offsite individual and the onsite
exposed worker. Tritium concentrations in the
affected streams were measured in September
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 ecological impacts associated
with increased tritium concentrations are dis-
cussed in Section 4.2.8 and Appendix B, re-
spectively.

Te| Table 4-25. Discharges to onsite streams (cubic feet per second).

L10-09

Stream September 1996  No Action Shutdown
Steel Creek (headwaters via P-13) 8.6 0 0
L-Lake (via L-07) 36.7 10.7 0.92
Lower Three Runs 0 0 0
Fourmile Branch (via C-004 to Castor Creek) 0.6 0 0
Pen Branch (via K-18 to Indian Grave Branch) 16.5 0.9b 0.9
Total Discharge 62.4 11.6 18

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.

Te| Table 4-26. Total flows and tritium concentrations in onsite streams.

L1009

Total downstream of confluence (cfs) Tritium concentration (pCi/ml)
September No September No
Stream 1996 Action  Shutdown 1996 Action  Shutdown
Steel Creek (above Road B) .96 3 3 NAz NA NA
:teel Creek (below L-Lake) 45 10 10 10.65 474 474
teel Creek at Road A (includes 69 . 137
Meyers Braccty 345 345 6.87 13.7 :
Lower Three Runs (below Par
b 23 10 10b 1 22 22
Fourmile Branch at Road A-122 19.9 193 19.3 227 234 234
Pen B@ch atRoad A-13 .2 344 18.8 18.8¢ 62.8 115 115

:. NA = Not available,
. Ming .
> Inimum release for no action and shutdown.

Discharges and base flow from Indian Grave Branch is included
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Indian Grave Branch/Pen Branch

Pen Branch follows a southwesterly path from
its headwaters about 2 miles (3.2 kilometers)
northeast of K-Area to the Savannah River
swamp (Figure 4-25). After entering the |Te
swamp, the creek flows parallel to the river for
about 5 miles (8 kilometers) before it enters and
mixes with the waters of Steel Creek about

0.2 mile (0.3 kilometer) from the mouth of that
stream. In its headwaters, Pen Branch is a
largely undisturbed blackwater stream, similar
to the headwater reaches of Fourmile Branch.
Indian Grave Branch is a tributary of Pen
Branch.

Effluents Contribution — Until K-Reactor shut-
down in 1988, Indian Grave Branch received
thermal effluent from K-Reactor. With reactor
discharge, the natural flow of about 10 cubic
feet (0.28 cubic meter) per second increased to
about 400 cubic feet (11.3 cubic meters) per
second. At present, Indian Grave Branch re-
ceives nonthermal effluents (i.e., nonprocess
cooling water, ash basin effluent waters, power-
house waste water, and sanitary waste water)
from K-Area and sanitary effluent from the
Central Shops Area (Wike et al. 1994).

Flow — From July through September 1996, the
average discharge from the K-11 (K-Reactor)
outfall to Indian Grave Branch was 16.6 cubic
feet (0.47 cubic meter) per second (Melendez
1996). Stream discharge in Indian Grave
Branch upstream from the discharge canal aver-
aged 1.35 cubic feet (0.04 cubic meter) per sec-
ond during Water Year 1994 (Wike et al. 1994).
Flow in Pen Branch upstream of the confluence
with Indian Grave Branch averaged 7.7 cubic

feet (0.22 cubic meter) per second from 1983
through 1991 (Table 4-27). During Water Years ITE
1994 and 1995 the discharges in Pen Branch at
Road A-13.2 (Figure 4-26) averaged 50.9 cubic

feet (1.4 cubic meters) per second and

55.8 cubic feet (1.6 cubic meters) per second re-
spectively (Wike et al. 1994; USGS 1996).

Water Temperature — During reactor operation,
mean temperatures [93° to 118°F (33.5° to
48.1°C)] (Wike et al. 1994) in thermal portions
of Pen Branch ranged from 64° to 91°F (18 to
33°C) above those of the upstream nonthermal
waters (Table 4-28). The temperatures at the TE
thermal sites fluctuated more widely than those
of the nonthermal sites because of the reactor
cycle. The shutdown of K-Reactor in 1987 re-
sulted in a decrease in temperatures in the Pen
Branch System to an average of 72°F (22°C)
(Wike et al. 1994).

Dissolved Oxygen — Dissolved oxygen concen-
trations in natural waters are inversely related to

water temperature, as reflected in the data ob-
tained during the 1987 Comprehensive Cooling
Water Study. The mean dissolved oxygen con-
centrations in the thermal waters were much

lower (5.3 to 7.5 milligrams per liter or 87 to

90 percent saturation) than those at the

nonthermal site. The mean dissolved oxygen
concentration was 8.12 milligrams per liter at

the Pen Branch nonthermal site (Table 4-29; |t
Wike et al. 1994). Because there has been no
thermal input to the Pen Branch system for

5 years, the mean dissolved oxygen concentra-

tion of 8.5 milligrams per liter at Road A-17is |t
now similar to the concentrations measured at

the nonthermal site during the Comprehensive
Cooling Water Study (Wike et al. 1994).

Table 4-27. Flow summary for Pen Branch (cubic feet per second).ab TE
Range
7-day low
Station name Period of record Mean Low High 7Q10 flow
Road B 1983-1991 77 02 372 0.36 0.22
Road A-13.2 1976-1991 273¢ 20 760¢ 254 2

3. Source: Wike et al. (1994).

b To convert cubic feet to cubic meters, multiply by 0.028317.
¢._High flows are the flows of reactor cooling water discharge.
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Map No. Station Name
Road B

01
/ 02 Downstream of K effluent
) 03 Road A-13.2
' 04 Road A-17
Scale in Miles
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. ° 1 23 4 5 o
Source: Wike etal. (1994). By
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Figure 4-26. Flow measurement sampling stations for Pen Branch.
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Table 4-28. Pen Branch field data (CCWS).a,b

ITE

Water Stream maximum
temperature depth Stream velocity
Location (§9) pH (cm)c (cm/sec)
01 Pen Branch at Road B
Mean 15.2 6.93 75 48
Range 1.4-24.0 5.10-9.00 40-164 9-140
Samples 46 46 28 40
02 Indian Grave Branch downstream of K-Reactor effluent
Mean 48.1 7.42 100 183
Range 7.6-68.0 5.90-8.70 31-143 45-260
Samples 46 46 34
03 Pen Branch at Road 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 4 28 39
04 Pen Branch at Road A-17
Mean 335 8.11 29 15
Range 7.90-46.3 5.70-9.25 23-41 -15-140
Samples 46 45 21 39

a.  Source: Wike et al. (1994).
b. CCWS = Comprehensive Cooling Water Study.

c. To convert centimeters to inches, multiply by 0.3937.

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

River water discharged from C-Reactor to

l]’ourmile Branch via Castor Creek (Wike et al.
994).

Flow — At present, C-Area receives only a small
amount of 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 of the
C-Area discharge with Fourmile Branch at

monitoring station A-7 (see Figure 4-27), the
Fourmile Branch discharge averaged 14.7 cubic
feet (0.42 cubic meter) 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 flows have 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
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, at Road A-7, reflect a
similar range [43° to 79°F (6.4° to 26°C)] and
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. - . b
1| Table 4-29. Pen Branch physical characteristics and general chemistry (CCWS).,

Specific Total su§pcnded
Dissolved oxygen conductance Turbidity solids
Location (mg/1) (pmhos/cm)c (NTU) (mg/)
dB
Olbll:::nBranCh e 8.12 45.6 10.6 97.1‘;34
Range 5.80-12.3 28.2-75.0 3.10-52.2 0.23-5 !
Samples 46 38 43
02 Indian Grave Branch downstream of K-Reactor effluent
Mean 5.32 74.6 214 10{)
Range 2.70-11.5 50.7-90.1 7.30-61.5 0.2i-54.>.2
Samples 45 36 43
04 Pen Branch at Road A-17
Mean 7.53 71.9 14.6 4.63
Range 5.50-12.3 47.7-98.3 3.8-57.4 0.25-36.7
Samples 45 38 43 45

a. Source: Wike etal. (1994).
b. CCWS = Comprehensive Cooling Water Study.

¢. To convert centimeters to inches, multiply by 0.3937.

rsl an average of 63°F (17°C) (see Table 4-3 1;
Wike et al. 1994).

Dissolved Oxygen — From 1987 to 1991, dis-
solved oxygen concentrations in Fourmile
Branch at Road A-7 ranged from 5.0 to

TEI 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).

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 (32 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

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 second
(Melendez 1996).

DOE began an extensive water quali.ty mf)m;“'
ing study, the L-Lake/Steel Creek Bnologxca .
Monitoring Program, after the construction 0
L-Lake. This study assessed variou§ comptd
nents of the Steel Creek systen; ia,n; ld:z::ﬁor
changes due to the operation of L-Rea )
dischgarges from L-Lake. DOE placed @P‘“‘g
stations throughout the Steel Creek corridor,
marsh, swamp, and channel (Figure 4-28)-

r
Te| Table 4-33 lists the range of values for 34 wat

. from
quality parameters for Steel Creek from Al
November 1985 to December 1991 (“:k: ;:n
1994). In addition, sampling at Road A i

of routine SRS monitoring.
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Source: Wike et al. (1994).

Figure 4-27. Flow measurement and water quality sampling stations on Fourmile Branch.
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1e| Table 4-30. Flow summary for Fourmile Branch (cubic feet per second).2,b

Range
7-day low
Station Period of record Mean Low High 7Q10 flow
Road A-7 1972-1991 17.8 2.7 830 49 32
Road A-12.2 1976-1991 208 6.7 1200 11.1 76
a. Source: Wike et al. (1994). ‘
b. To convert cubic feet to cubic meters, multiply by 0.028317.
1| Table 4-31. Fourmile Branch field data.a ‘ '
Sampling Water Stream maximum  Stream velocity
location temperature (°C) pH depth (cm)b (cm/sec)
01 Fourmile Branch at Road E-1 (CCws)c -
Mean 16.8 48 )
Range 1.3-28.5 5.10-8.10 19-199 7-251
Samples 46 33 4
02 Fourmile Branch at Road A-7 (1987-1991)
Mean 17 @
Range 6.4-26 5.4-8.1 NAe NA
Samples 60
03 Fourmile Branch at Road 3 (CCWS)
Mean 16.9 147 9
Range 0.1-27.0 5.30-8.30 121-193 145
Samples 46 36 37
04 Fourmile Branch at Road A (1987-1991)
Mean 18.5
Range 6.2-31 3.1-8.5
Samples 60 NA NA
05 Fourmile Branch at Road A-12.2 (CCWS)
Mean 39.4 73
Range 9.6-52.0 5.90-9.05 NA 14-100
Samples 46 41

Source: Wike et al. (1994).
To convert centimeters to inches, multiply by 0.3937.
CCWS = Comprehensive Cooling Water Study.

Blank spaces = Mean not calculated due to insufficient data in report.
NA = Not analyzed.

pan o
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Table 4-32. Fourmile Branch physical characteristics and general chemistry.a

Specific Total
Dissolved oxygen conductance Turbidity suspended
Location (mg/) (umhos/cm) (NTU) solids (mg/1)
01 Fourmile Branch at Road E-1 (CCws)b
Mean 6.79 243 10.1 13.8
Range 2.30-11.6 12.5-40.7 1.3-60 0.25-270
Samples 46 38 43 45
02 Fourmile Branch at Road A-7 (1987-1991)
Mean 84 56.5 82 5.1
Range 5.0-12 0.15-112 1.0-42 0.0-27
Samples 60 60 60 60
03 Fourmile Branch at Road 3 (CCWS)
Mean 7.81 70.0 208 7.82
Range 5.20-12.40 31.5-96.9 0.3-394.0 0.25-152.10
Samples 46 38 43 44
04 Fourmile Branch at Road A (1987-1991)
Mean 7.9 443 52 3.1
Range 6.5-12 11-103 1.0-23 1.0-47
Samples 60 60 60 60
05 Fourmile Branch at Road A-12.2 (CCWS)
Mean 5.99 87.0 18.5 9.31
Range 3.50-11.8 59.3-108.2 4.3-118.0 0.25-109.70
Samples 46 45 43 45

a. Source: Wike et al. (1994).

b. CCWS = Comprehensive Cooling Water Study.

Flow — During Water Year 1996, the mean flow

at Road A was 59.2 cubic feet (1.7 cubic me-

ters) per second (Melendez 1996). The mean

flow for 1985 to 1991 was 185 cubic feet

(5.2 cubic meters) per second (Table 4-34). The
mean flow at the L-Lake outfall for Water Year ITE
1996 was 41.5 cubic feet (1.2 cubic meters) per
second (Melendez 1996).

As previously 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) per second. The EA concluded

that reducing the Steel Creek flows would result
in the reestablishment of stream conditions that
existed before the creation of SRS.

Steel Creek flows below the L-Lake dam have
averaged 41.5 cubic feet (1.17 cubic meters) per
second (Water Year 1996) during a period when
one river water pump operated continuously,
pumping approximately 28,000 gallons per mi-
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, along with flows from
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Figure 4-28. Locations of Steel Creek water quality sampling stations as indicated
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Table 4-33. Water quality data (range of values) for Steel Creek (November 1985-December 1991).a |TE

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) 49-11.1 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 (pS/cm) 41-97 22-135 18-126 23-114
Total dissolved solids (mg/1) 29-74 7-84 27-83 23-91
Total suspended solids (mg/1) <1-204 4-40 1-59 <1-148
Total organic carbon (mg/1) 4-12 3-13 1-8 1-19
Dissolved organic carbon (mg/1) 4-9 3-12 2-10 1-17
Total inorganic carbon (mg/1) 2-8 1-13 2-6 2-10
Alkalinity (mg/1) ) 6.4-23.7 1.8-50.0 9-23 7-37
Ortho-phosphate (mg/1) <5-87 <5-51 <5-136 5-67
Total phosphate (mg/1) 18-343 8-154 19-180 19-494
Nitrite (mg/1) 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/1) 27-808 21-664 17-1,119 <10-407
Silica (mg/1) 3.2-10.7 1.2-13.3 0.8-9.7 0.6-19.1
Total aluminum (mg/1) <100-991 <100-1,210 <100-1,216 <100-449
Dissolved aluminum (mg/1) <100-905 <100-1,270 <100-202 <100-240
Total calcium (mg/) 2.6-4.4 2.7-115 311-4.8 2.6-7.8
Dissolved calcium (mg/l) 2.8-5.8 24-11.1 1.1-4.8 1.9-7.8
Total iron (mg/l) 0.1-3.8 0.3-74 0.1-1.2 0.2-4.3
Dissolved iron (mg/1) <0.1-3.2 0.1-0.7 <0.1-1.1 <0.1-2.7
Total magnesium (mg/1) 0.74-1.94 0.64-2.66 0.77-1.40 0.78-1.87
Dissolved magnesium (mg/1) 0.70-2.01 0.62-2.59 0.87-1.46 0.84-1.83
Total manganese (mg/1) <20-563 <20-3,590 <20-310 <20-4,173
Dissolved manganese (mg/1) <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/1) 1.00-1.94 0.38-3.35 0.24-1.96 0.54-4.45
Total sodium (mg/1) 4.0-13.1 6.0-14.6 4.1-13.5 5.1-13.1
Dissolved sodium (mg/1) 3.7-12.1 6.0-14.8 6.9-13.6 5.4-13.3
Chloride (mg/1) 7-8 6-10 4.0-11 3-12
Hydrogen sulfide (mg/1) <0.1 <0.1 <0.1 <01
Sulfate (mg/1) 3-11 1-12 1-9 1-12

& Source: Wike et al. (1994).
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1e| Table 4-34. Flow summary for Steel Creek (cubic feet per second).a.b

Range
7-day low
Station Period of record Mean Low High 7?;09 lf:o;v
Road A at SRS 1985-1991 185 7.7 500 . .

a.  Source: Wike etal. (1994). .

b. To convert cubic feet to cubic meters, multiply by 0.028317.

P-Area and natural inflows from the Steel Creek
watershed.

Temperature — Since the construction of
L-Lake, Steel Creek water temperatures meas-
ured at the Road A monitoring station have been
similar to preconstruction conditions, ranging
from 45° 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).
The mean temperature at the L-Lake outfall
during 1992 was 66°F (19°C), the minimum was
49°F (9°C), and the maximum was 84°F (29°C)
(Wike et al. 1994). These readings were similar

to values recorded in previous years (1990 and
1991).

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 § (Wike et al. 1994). The
1992 mean (6.5), minimum (5.7), and maximum
(7.9) pH values at the L-Lake outfall were

similar to the values for 1990 and 199] (Wike
etal. 1994).

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 liter were recorded. Dis-
solved oxygen measurements for 1992 were a
minimum of 7.4 milligrams per liter, a mean of
9.5 milligram per liter, and a maximum of

12.4 milligrams per liter (Wike et al. 1994).
These readings were similar to measurements
from previous years (Wike et al. 1994). Sea-

sonal fluctuations occur because the solubility
of oxygen in fresh water is inversely propor-
tional to the temperature.

Total Suspended Solids and Turbidig'—' Mean
total suspended solids (TSS) and turbidity levels

in Steel Creek at Road 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 ranges measured before the construc-
tion of L-Lake.

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 above normal,

Te| as high as 204 milligrams per liter (Table 4-33).

These concentrations might have been related 0
high TSS levels in L-Lake discharge waters, the
increased discharge volume from L-La}(e, or
storm events that eroded the bank anq increased
sediment transport at a particular station. Mean
TSS values did not exceed 5 milligrams per 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).

Major Anions and Cations — Alkalinity °°“°°n'l
trations in Steel Creek at Road A ranged f"‘fm
to 21 milligrams of calcium carbonate per liter
from 1987 to 1991. Mean chloride and sulfate
concentrations measured from 1987 to 1991t
Road A were 6.7 and 6.9 milligrams per litef,
respectively (Wike et al. 1994).

From 1987 to 1991 calcium concenfratnons atr
Road A ranged from 1.9 to 3.8 milligrams P°5
liter and sodium concentrations ranged ﬁo‘g’;)'
t0 11.0 milligrams per liter (Wike et al. 1994)
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Magnesium concentrations ranged from 0.89 to
1.4 milligrams per liter.

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,
and manganese ranged from less than 0.01 to
0.17 milligram per liter at Road A (Wike et al.
1994).

Nutrients — Total phosphorus is the only form of
phosphorus measured as part of the routine wa-
ter quality monitoring program. From 1987 to
1991 the mean total phosphorus 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.

Organic nitrogen, ammonia, and nitrate are
measured as part of the routine water quality
monitoring program in Steel Creek at Road A.
The means for these forms of nitrogen were as
follows: organic nitrogen - 0.37 milligram per
liter; ammonia - 0.076 milligram per liter; and
nitrate - 1.00 milligram per liter (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.
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),

Steel Creek Chemical Assessment

Water quality values during the Steel Creek
Biological Monitoring Program were similar to

the range of values reported for other regional
lotic systems, and typical of southeastern waters
in general (Wike et al. 1994).

During parts of the 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).

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 of water from L-Lake
(dominated by Savannah River water) and the
natural drainage of the Steel Creek basin (Wike
et al. 1994).

Lower Three Runs

From the Par Pond Dam, Lower Three Runs
flows about 15 miles (24 kilometers) before it
enters the Savannah River (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 ITE
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 at Road B
(just below the dam). The lowest dissolved
oxygen concentration (2.4 milligrams per liter)
was also at Road B; downstream dissolved
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1e| Table 4-35. Lower Three Runs field data.2

a. Source: Wike et al. (1994).

b.  CCWS = Comprehensive Cooling Water Study.

Sampling Water Stream maximum Stream velocity
location temperature (°C) pH depth (cm)d (cm/sec)
01 Fourmile Branch at Road B (CCWS)¢e
Mean 19.3 6.94 41 o34
Range 7.0-31.0 5.50-8.80 21-89 4-120
Samples 46 46 28 38
02 Lower Three Runs at Patterson Mill (CCWS)
Mean 16.2 7.17 69 19
Range 1.5-25.0 5.90-8.50 48-117 4-60
Samples 46 46 30 39
02 Lower Three Runs at Patterson Mill (1987-1991)
Mean 18 d)
Range 7.7-29.0 59-74 NAe NA
Samples 60 60
03 Lower Three Runs at US Highway 125 (CCWS)
Mean 16.0 7.17 222 11
Range 1.5-24.7 6.10-8.40 195-283 2-50
Samples 60 46 19 3
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.
e. NA = Not analyzed.
Te| Table 4-36. Lower Three Runs physical characteristics and general chemistry.2
Specific Total suspended
Sampling Dissolved oxygen conductance  Turbidity solids
location (mg/l) (pmhos/cm) (NTU) (mg/)
01 Lower Three Runs at Road B (CCWS)b
Mean 7.06 74.1 6.1 4.1l
Range 2.40-10.2 569-1348  12-37.0 0.25-284
Samples 46 38 43 44
02 Lower Three Runs at Patterson Mill (ccws)
Mean 7.51 86.3 3.5 540
Range 520-11.9 46.6-125.4  11-13.5 0.25-692
Samples 46 38 43 44
02 Lower Three Runs at Patterson Mill (1987-1991)
Mean 8.0 75 2.8 49
Range 5.8-11 13-140 0.94-38 1-34
Samples 60 60 60 60
03 Lower Three Runs at US Highway 125 (ccws)
’I‘{"::“ 7.30 82.5 63 443
8¢ 4.60-13.0 389-1192  1.4-50.0 0.25-212
Samples 46 33 43 45
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Source: Wike et al. (1994).
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Figure 4-29. Flow measurement and water chemistry sampling stations for Lower Three Runs.
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oxygen concentrations were all greater than 4.5
milligrams per liter.

Lower Three Runs Flow — During Water Year
1996, the mean flow in Lower Three Runs be-
low Par Pond was 28.0 cubic feet (0.80 cubic
meter) per second (Melendez 1996). Flows
were seasonal with 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 at Road 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 next down-
stream station, Patterson Mill, which are about a
twofold increase from those at Road B (Wike et
al. 1994).

4.2.2.2 Environmental Impacts

4.2.2.2.1 No Action

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. The minimum flows
from L-Lake into Steel Creek would be ap-
proximately 10 cubic feet (0.28 cubic meter) per
second. Lower Three Runs would 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-

TEl Table 4-37. Flow summary for Lower Three Runs (cubic feet per second).a,b

pacts of reduced or absent river water flows to
each of these stream systems.

4.2.2.2.2 Shut Down and Deactivate

DOE expects no impacts to Indian Grave
Branch/Pen Branch, Fourmile Branch, or Lower
Three Runs beyond those described for the
No-Action Alternative (Section 4.2.2.2.1). If
L-Lake emptied, Steel Creek would receive
natural base flows, which would vary but are
likely to average 10 cubic feet (0.28 cubic me-
ter) per second at the dam location.

Under this alternative, the L-Lake water level
would recede to that of the original stream, an‘d
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
control measures implemented during lake
drawdown. The addition of suspended solidst0
the stream during stormwater events isa p<.>ten-
tial ecological impact, as discussed in Section
425.

a.  Source: Wike et al. (1994).

I
Range
Station name Period of record ~ Mean Low High 7Q10 7M
TCI Patterson Mill 1974-1991 85 13 743 15.6 15.1

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

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

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

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-
sume discharge 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.

4.23.2 Environmental Impacts
4.23.2.1 No Action

DOE anticipates no changes in current condi-
tions for the water table aquifer or the first con-
fined aquifer because the lake level would be
maintained.

4.2.3.2.2 Shut Down and Deactivate
Water Table Aquifer

The current outfall from L-Area would be
eliminated and L-Lake levels would lower.
Because L-Lake discharges to the water table
aquifer below the dam and into Steel Creek,
groundwater gradients, levels, and flow rates of
the aquifer would decrease over the near term
but would eventually return to the natural hy-
drogeologic state. Groundwater properties
would remain stable downstream from the dam.

Fourmile Branch and headwaters of Steel Creek
would not receive outfall discharges from the
River Water System. The water table aquifer at
Lower Three Runs would not be affected be-
cause its source of water is not directly related
to the River Water System.

First Confined Aquifer

Because none of the SRS streams and their out-
falls currently or directly affect the properties of
this aquifer, shutting down the River Water
System would not have an effect.

4.2.3.2.3 Shut Down and Maintain

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 ambient air
quality for the SRS streams are equivalent to
those for the SRS, which is discussed in Section
4.1.4.1. DOE assumes that joint wind frequency
data from the L-Area tower and meteorological
and climatological data from other SRS loca-
tions would be applicable to the streams.
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4.2.4.2 Environmental Impacts
4.2.4.2.1 No Action

The continued operation of the River Water
System would have no new impacts on the exist-
ing ambient air quality at the SRS. The water
flow in the streams derived 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.

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 flows would 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.

DOE does not expect the vaporization of organ-
ics from dried sediment because 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).

Te| As discussed in Section 4.1 .5.2.2, the reduction
in streamflow is not likely to result in exposed
sediments. Vegetative cover would minimize
the resuspension of contaminated soils,

4.2.42.3 Shut Down and Maintain

The shutdown and maintenance of the River
Water System would have no impacts on the

ambient air quality, as discussed in Section
42422,

4.2.5 ECOLOGY
4.2.5.1 Affected Environment
4.2.5.1.1 Terrestrial Ecology

The Environmental Assessment for the Natural
Fluctuation of Water Level in Par Pond and Re-
duced Flow in Steel Creek 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 assessment concluded
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 streams to terresui‘al bi-
ota, this section does not discuss terrestrial
wildlife.

Wike et al. (1994) summarizes existing ecolog-
cal information on the major stream drainages
of the SRS, including Fourmile Branch and Pen
Branch/Indian Grave Branch. This incluc!ef
limited information on the plant communities
and terrestrial wildlife that occur along these
streams. Because the Proposed Action wquld
not affect terrestrial wildlife in the Fourmile
Branch and Pen Branch areas, this section doés
not include detailed descriptions of terrestrial
wildlife communities in these areas.

4.2.5.1.2 Aquatic Ecology
Fourmile Branch

The Fourmile Branch watershed includes 2
number of SRS facilities: C-Area (reactor), F
and H-Areas (separations), Defense Waste
Processing Facility, and the Solid Waste Dis-
posal Facility. Before C-Reactor was ?la“d(:l
standby in 1985, heated effluent was discharg
into Fourmile Branch via Castor Creek- .}-‘]ows
in Fourmile Branch approached 400 cubic feetrl
per second (11.3 cubic meters per second) whe
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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.

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).

The macroinvertebrate communities of Pen
Branch were surveyed from 1983 to 1985 when
K-Reactor was 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. The macroinvertebrates in thermally-
impacted areas were 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

groups (e.g., chironomids and black flies) after
L-Reactor was shut down.

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 was highest at downstream
sites.

Upper reaches of Pen Branch were characterized
by low species richness (11 species collected)
and diversity: six species [mud sunfish
(Acantharchus pomotis), dollar sunfish
{(Lepomis marginatus), chubsucker (Erimyzon
spp.), redfin pickerel (Esox americanus), brown
bullhead (dmeiurus 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 of which 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 Coastal Plain.

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
(Lepomis microlophus, and redbreast sunfish (L.
auritus) were most abundant in the middle
reaches. Brook silversides (Labidesthes siccu-
lus), coastal shiners (Notropis petersoni), spot-
ted sunfish (Lepomis punctatus), and lake
chubsuckers were most 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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cent), lake chubsucker (14.8 percent), and red-
breast sunfish (14.8 percent).

Steel Creek

Steel Creek originates near P-Reactor and flows
southwest for about 2 miles (3 kilometers) be-
fore entering the headwaters of L-Lake. From
the L-Lake Dam, Steel Creek flows south ap-
proximately 4 miles (6 kilometers) before enter-
ing the Savannah River swamp, and moves
another 2 miles (3 kilometers) through the
swamp before emptying into the Savannah
River. Steel Creek began receiving thermal ef-
fluent from P- and L-Reactors in 1954. By
1961, the reactors were releasing a total of

850 cubic feet (24 cubic meters) per second of
heated effluent into Steel Creek (Wike et al.
1994). In 1964, all P-Reactor effluent was di-
verted to Par Pond, and in 1968 L-Reactor was
placed on standby. From 1968 to early 1985,
Steel Creek recovered from the effects of SRS
operations. The upper reaches of Steel Creek

were impounded in 1985 to create L-Lake (see
Section 4.1).

The abundance and distribution of benthic mac-
roinvertebrates in the Steel Creek corridor,
marsh/swamp, and lower channel region were
evaluated from January 1986 through December
1991 (Wike et al. 1994). The macroinvertebrate
communities in the Steel Creek corridor down-
stream of L-Lake were strongly influenced by
seston inputs from L-Lake, and as a result con-
tained high densities of filter feeding organisms
(e.g., blackflies and net-spinning caddisflies).
The macroinvertebrates of the lower reaches of
the stream (delta and swamp) appeared to be
less affected by releases from L-Lake. Am-
phipods, oligochaetes, caddisflies, isopods, gas-
tropods, mayflies, and chironomids were all
abundant in this portion of the stream.

Aho et al. (1986) investigated the community
structure of fishes in Steel Creek, Pen Branch,
and Meyers Branch in 1984 and 1985 as part of
the Comprehensive Cooling Water Study. Steel
Creek had the highest species diversity, with
slightly lower values for Pen Branch and Mey-

ers Branch. Within each stream, diversity was
highest at downstream sites.

Upper reaches of Steel Creek were characterized
by relatively-high species richness (29 species
collected), while downstream portions of Steel
Creek were characterized by high measures of
species richness (43 species) and diversity (Aho
et al. 1986). Upper reaches of Steel Creek were
dominated by yellowfin shiners (54 percent of
total), bluehead chubs (14 percent), northem
hog sucker (Hypentelium nigricans) (11 per-
cent), and redbreast sunfish (7 percent). Dusky
shiners (Notropis cummingsae), spotted sunfish,
pirate perch, yellowfin shiners, and tessellated
darters (Etheostoma olmstedi) were collected
most often in lower reaches of the stream. A
number of species normally associated w1‘th _
river-swamp habitats contributed to the high -
versity in lower Steel Creek.

Additional studies of Steel Creek fish were con-
ducted after the restart of L-Reactor in 1985
(Wike et al. 1994). The fish community of the
Steel Creek corridor was directly influenced by
discharge of water from L-Lake to Steel Creek.
Resulting increases in current velocity, stream
width, and stream depth led to the displacement
of small, minnow-like species typically found
headwater streams on the SRS (minnows afld
chubs) and the establishment of other species
[e.g., bluegill (Lepomis macrochirus)} normally
not found in high numbers in these small
streams. After L-Reactor was shut dowq n
1988, fish were generally less abundant in Steel
Creek as a result of a reduction in available
habitat (Steel Creek became narrower and shal-
lower). Sunfish and largemouth bass made up?
larger proportion of the catch than in previoss
years.

Fish assemblages in the Steel Creek marsh and
swamp were less obviously affected by the re-
start of L-Reactor in 1985 and subsequent sh:1-
down of the reactor in 1988 (Wike etal- 1994).
There was an apparent increase in the abun-
dance of redbreast and bluegill after the reS’tafft
of L-Reactor, and a reduction in abundanc® oed
brook silverside. Bluegill apparently emigral
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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
Creek marsh/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/swamp area of Steel
Creek before (1983-1985), during (1986-1987),
and after (1988) operation of L-Reactor.

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-Reactor was 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
several miles downstream (Wike et al. 1994).

4.2.5.1.3 Wetland Ecology
Steel Creek

Steel Creek and its main tributary, Meyers

Branch, drain approximately 35 square miles

(91 square kilometers) of the Aiken Plateau and |1c
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).

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 Steel Creek area during 1956

and 1957. Appendix D, Table D-8 lists these | ¢
species. Upper Three Runs, a relatively undis-

turbed blackwater stream on the SRS, can illus-
trate 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, 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).

The Savannah River Swamp System, of which
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).

Steel Creek received reactor effluents from
1954 to 1968. Table 4-38 lists reactor-area dis- |TE
charges to Steel Creek by time period 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 effluent water released to
SRS streams was 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).

Discharges before 1968 produced elevated wa-
ter levels, increased water temperatures, sub-
strate erosion, and deposition of scoured
sediments throughout much of the Steel Creek
system. The stream, floodplain, and associated
wetlands were either destroyed or severely

4-111



DOE/EIS-0268

1e | Table 4-38. Reactor-area discharges to Steel Creek.2

Discharge (cubic meters per second)®

Years P-Reactor L-Reactor Total
1954 to 1958 5.6 57 :;;
1958 to early 1961 9.3 93 2.
Mid-1961 113 11.3 ;02
Late 1961 to late 1963 9.3 113 11.7
November 1963 to February 1968 0.4a 11.3 0.4
February 1968 to 1980 0.42 0.0 .
1981 to 1984 0.52 0.002¢ 0.5

Source: DOE (1984).

o e

flow has approached 6.2 cubic meters per second.

To convert cubic meters to cubic feet, multiply by 35.31. . _—
Flow from sanitary and domestic sources from L-Area at ambient temperature. During cold-water testing,

altered by resultant above-normal water 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.

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 of the stream cor-
ridor gradients and the increased stream dis-
charges. A broad, flat delta formed where Steel
Creek flowed into the Savannah River swamp.

The elevation of the delta area was higher than
the adjacent natural swamp as a result of reac-
tor-associated sediment buildup, organic matter

TEI Table 4-39. Steel Creek stream characteristics.a,b

accumulation, and greater entrapment of sedit
ment afforded by the vegetation (Smith, Sharitz,
and Gladden 1981).

Effects on the vegetation in the Steel Creel‘(. _
corridor and delta varied with species s'ensltmty
to the stresses of the thermal effluent dis-
charges. A high incidence of tree death oc-
curred in areas of the Savannah River swamp
where the thermally impacted streams entered
the swamp. For example, the areal extent of the
tree kill in the Steel Creek delta exceeded 2471
acres (1.0 square kilometer) in l96§. .I-lowetler,
vegetation in the swamp was not eliminated; &"
eas such as sandbars, stumps, and logs Flevated
above the water continued to support dxversed
plant communities (Smith, Sharitz, and Gladden
1981).

Flow rate
Average depth (cubic meter per Tempe
Date Width (meters)c (meter) second)d Q)

May 1951 5.1 030 0.59¢ 16.1

June 1972 16.5 0.37 0.79 26
a. Source: DOE (1984).
b. Based on measurements taken at Road A.
¢.  To convert meters to feet, multiply by 3.281.
d.  To convert cubic meters to cubic feet, multiply by 35.31.
. July 1951 determination,

/
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With the cessation of reactor discharges to Steel
Creek in 1968, much of the previously impacted
floodplain corridor underwent revegetation to
scrub-shrub and young bottomland hardwood
forested wetlands between 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) Irs
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.
Wax myrtle, 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 | Te
occurring in the Steel Creek corridor below the
dam site (before dam construction). The classi-
fication system used for mapping followed the
Cowardin method with some modification to
more accurately portray the features of this sys-
tem (Smith, Sharitz, and Gladden 1981). Ap-
pendix D, Table D-4 describes the mapping
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 sandbars was 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¢). There was 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, ITE
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-
persistent aquatic herbs. The surrounding
swamp forest communities that were less af-
fected by reactor operations were characterized
by closed canopies. These areas are dominated
by cypress and tupelo in deeper water and by
oaks and other bottomland hardwoods on the
ridges and higher elevations.

Table 4-40. Wetland community types occurring in the Steel Creek corridor below L-Lake dam.a TE
Wetland community type Mapping unit
Emergent Persistent - Leersia spp.
Emergent Nonpersistent - Polygonum lapathifolium

Scrub-shrub - Broad-leaved deciduous
Scrub-shrub - Broad-leaved deciduous
Forested - Broad-leaved deciduous
Forested - Broad-leaved deciduous

' Forested - Broad-leaved deciduous
Forested - Mixed deciduous

3. Source: Smith, Sharitz, and Gladden (1981).

Cephalanthus occidentalis-Salix nigra

Alnus serrulata

Salix sp.

Alnus serrulata-Myrica cerifera

Liquidambar styraciflua-Acer rubrum-Salix sp.
Taxodium distichum-Nyssa sylvatica var. biflora
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TEI Table 4-41 lists the wetland community types
occurring in the Steel Creek delta. The classifi-
cation system used for mapping followed the
Cowardin method with some modification to
portray more accurately the features of this sys-
tem (Smith, Sharitz, and Gladden 1981). Ap-
pendix D, Table D-10 describes the mapping
units in the Steel Creek delta (Smith, Sharitz,
and Gladden 1981).

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 cubic meters) per
second. The restart of L-Reactor resulted in
several changes in the Steel Creek floodplain.
Water temperatures at the Steel Creek 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 volume of water 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

TE

period, portions of the hardwood forest canopy
opened and herbaceous vegetation invaded the
areas where light penetrated to the forest floor

(DOE 1990).

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 at Road A
at a rate of about 106 cubic feet (3.0 cubic me-
ters) per second during the spring spawning sez-
son, and during the remainder of the year ata
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 sez-
son during a reactor outage.

A recent mapping effort by the Savannah River
Ecology Laboratory mapped aerial coverage of
the Steel Creek corridor and delta (Wein 19%).
Three vegetation classes were identified:
marsh, scrub-shrub, and hardwood. Table 442
lists the classes of vegetation and area of cover-
age for each. The dominant species in the .
marsh class were 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.

Te| Table 4-41. Wetland community types occurring in the Steel Creek delta.2

Wetland community type Mapping unit
Aquatic Bed Rooted Vascular - Myriophyllum brasiliense
Emergent Persistent - Leersia spp.
Emergent

Scrub-shrub - Broad-leaved deciduous
Mixed Scrub-shrub - Nonpersistent emergent
Forested - Broad-leaved deciduous

Forested - Broad-leaved deciduous

Forested - Broad-leaved deciduous

Forested - Mixed deciduous

Forested - Mixed deciduous

a. Source Smith, Sharitz, and Gladden (1981).

Nonpersistent - Hydrolea quadrivalvis
Cephalanthus occidentalis-Salix nigra
Cephalanthus occidentalis/Polygonum lapathifolium
Salix nigra

Quercus lyrata-Carya aquatica-Nyssa aquatica
Quercus laurifolia

Taxodium distichum-Nyssa aquatica
Taxodium distichum-Cephalanthus occidentalis
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Table 4-42. Aquatic macrophyte coverage of the Steel Creek corridor and delta, 1996.2

Area in acres

Class name (square kilometers)b
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

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.

For the most part, wetlands along Lower Three
Runs downstream of Par Pond are bottomland-
hardwood swamps associated with the flood-
plain (DOE 1990). Bottomland hardwoods on
the SRS are typical of the mixed hardwood for-
ests in low wet areas of the southeastern Coastal
Plain (Workman and McLeod 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, and Good 1981). Tree species of this type
include several species of oaks (Quercus spp.),
Sweet-gum (Liquidambar styraciflua), cotton-
wood (Populus heterophylla), 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

most influenced by Par Pond releases, these
bottomland areas have also been affected by
beaver activity (DOE 1990). Some cypress-
tupelo (Taxodium spp.-Nyssa aquatica) areas
are located near the confluence of Lower Three
Runs and the Savannah River.

4.2.5.2 Environmental Impacts
4.2.5.2.1 No Action

Agquatic Ecology

Under the No-Action Alternative, DOE would
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 represent minimum
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).

Fourmile Branch

Under the No-Action Alternative, river water
would no longer be pumped to C-Area. At pre-
sent, a small amount of river water discharges to
Fourmile Branch as a result of valve 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

DOE committed in the Final EIS on L-Reactor
Operations (DOE 1984) to maintain year-round
minimum flows of 53 cubic feet (1.5 cubic me-
ters) per second in Steel Creek below the
L-Lake Dam. Because this requirement was
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 flows that would preserve the ecologi-
cal integrity of Steel Creek, a hydrological and
ecological study of the Steel Creek watershed
and its fisheries resources concluded that a flow
of 10 cubsic 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).

DOE predicted a 10-cubic-foot- (0.28-cubic-
meter-) per-second flow would favor fish spe-
cies native to first- and second-order streams on
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 be no significant impacts (DOE
1995b).

DOE did not discuss possible impacts to other
stream organisms, such as macroinvertebrates,
but implied that the proposed reduction in Stee]
Creek flows would in time result in the devel-
opment of a benthic community typical of first-
and second-order Coastal Plain streams with

more normal temperature and flow regimes
(DOE 1995a). The benthic communities that
developed from 1954 to 1968, when Steel Creek
received massive volumes of heated effluent,
and from 1985 to 1988, when Steel Creek re-
ceived large volumes of L-Reactor cooling wa-
ter, were atypical.

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 flows were considerably lower as a result
of greatly reduced reservoir releases to St§el ‘
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, but there appeared to be reductions
in the abundance and diversity of these organ-
isms as well.

Because DOE has described impacts of 10-
cubic-foot (0.28-cubic-meter)-per-second ﬂqws
to Steel Creek aquatic biota (DOE 1995a), this
EIS does not discuss them further.

Lower Three Runs

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 establishment 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 2
stream fish community containing more small-
bodied insectivores (shiners, chubs, and mad-
toms) and fewer large-bodied carnivores and
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omnivores (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.

Indian Grave/Pen Branch

Under the No-Action Alternative, DOE would
continue to pump 4,800 gallons per minute
(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 per minute (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 gallons per
minute (0.025 cubic meter per second) of river
water and well water from K-Area.

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.

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
(madtoms and bullheads). Projected flows in
both Indian Grave Branch and Pen Branch
would approximate natural flows, and aquatic
communities would, over time, become more
like the communities that existed prior to the
operation of SRS production reactors.

Wetland Ecology
Steel Creek

Under the No-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).

A stream flow of 10 cubic feet (0.28 cubic me-
ter) per second could result in fewer extreme
flooding events and fewer years with high an-
nual floods. As a 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).

At present, most of the aquatic macrophyte cov-
erage in the stream corridor and delta is in open
water and marsh (Wein 1996). A return to the
lower historic flow probably would result in
shallower water and, therefore, a decrease in
open water and marsh 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 the mid-
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1980s (Wike et al. 1994). For the most 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.

As mentioned above, sediment accumulations
raised part of the delta, resulting in lower water
depths and favoring scrub-shrub invasion and
establishment. If hardwood 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 ag-
uatica), which thrive in that environment. In
addition, willows (Salix spp.) and buttonbush
(Cephalanthus occidentalis) tend to dominate
higher, drier areas of deltas on SRS, as do her-
baceous plants such as sedges (Carex spp.),
rushes (Juncus spp.), and water primrose
(Ludwigia spp.) (Workman and McLeod 1990).

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 river water 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 Runs below 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
Jor 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) evaluated the flow rate of 10 cu-
bic feet (0.28 cubic meter) per second.

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-
jan wetlands could occur because 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 recent conditions.
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 of the riparian wetlands would ocur
(McLeod 1996). This would be most noticeable
in areas just downstream of the dam, where the
flow rate is heavily influenced by releases from
Par Pond.

Frequency, depth, and duration of flooding &
fect forest composition and vegetation patterms
in bottomlands such as those along Lower Three
Runs (Workman and McLeod 1990). Plant
species generally occur along a moisture gradi
ent in these areas. Because flows would be
lower under the 10-cubic-foot (0.28:cub|c-
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 thf,
herbaceous layer. Over time, tree Species such
as white oak (Quercus alba), black ot_ik
(Quercus velutina), and mockernut h'lCIfory
(Carya tomentosa) that are characteristic of
drier, less frequently flooded areas could P"e'l
dominate (Whipple, Wellman, and Good 1981)
Decades could pass before these changes It )
dominant tree species occurred (McLeod 177

/
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An SRS Set-Aside Area, the Boiling Springs
Natural Area, is approximately 7 miles

(11 kilometers) 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 be minimal because this stretch of Lower
Three Runs receives significant inputs from
groundwater and runoff and is less dependent on
Par Pond discharge. The cypress-tupelo wet-
lands near 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 17 miles (27 kilome-
ters) from the reservoir and are much more
strongly influenced by Savannah River flows
and flooding.

4.2.52.2 Shutdown and Deactivate

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

Terrestrial, wetland, and aquatic impacts under
this alternative would be identical to those de-
scribed for the No-Action Alternative.

4.2.6 LAND USE
4.2.6.1 Affected Environment

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.

DOE monitors the waters of these streams
regularly for chemical, metal, physical, and
biological properties and radioactive effluents;
the monitoring 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 streams are prohibited; the number
and frequency of people participating in offsite
fishing and hunting are unknown.

As described in Section 4.1.6.1, DOE has a
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
Environmental Research Park.

DOE has not identified any future mission or
use, other than research and monitoring, for the
SRS streams (Hill 1996).

4.2.6.2 Land Use Impacts
4.2.6.2.1 No Action

Under the No-Action Alternative, current uses
of the streams would 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.

4.2.6.2.2 Shut Down and Deactivate

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.

4.2.6.2.3 Shut Down and Maintain

As described above, activities associated with
this alternative would not affect current or fu-
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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 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 slight with 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
shows Lower 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).

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.

4.2.72 Aesthetic Impacts
4.2.7.2.1 No Action

Under the No-Action Alternative, DOE would
cqntinue to pump water from the Savannah
River through the River Water System to the

K- and L-Area 186 basins which would dis-
charge to Indian Grave Branch and L-Lake. The

aesthetic settings of the streams would not
change and there would be no visual impacts.

4.2.7.2.2 Shut Down and Deactivate

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 Steel Creek (where it broadens int9
L-Lake) as the lake begins to recede. This al-
ternative would not affect 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 Shut Down
and Deactivate Alternative, except DOE could
restart the River Water System if necessary.
Section 3.3 contains possible reasons for restart
ing the system.

4.2.83 OCCUPATIONAL AND PUBLIC
HEALTH

4.2.8.1 Affected Environment

4.2.8.1.1 Public Health

DOE collects water samples from the Sav@ﬂah
River and SRS streams on a continual basis ;
throughout the year to determine the effects @
the Site's effluents on the river water. In ?dd"
tion, SRS stream sampling locations monitor
below the process areas to detect and qu"fnt‘fy
radioactivity levels in liquid effluents being.
TEI transported to the river. Table 4-43 lists radio-
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Table 4-43. Average water concentrations of radioactivity in the Savannah River and Savannah River

Site streams for 1995 (microcuries per milliliter).2

TE

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
River Mile 140 1.96 x 10-10 233 x 109 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 107
Edisto River (offsite control) 7.67 x 10-10 1.58 x 10-9 2.22 x 107
SRS Streams
Tims Branch 1.47 x 109 2.39x 10°9 9.66 x 10-7
Upper Three Runs 1.30 x 10-9 1.27 x 109 221 x 10-6
Fourmile Creek 2.81 x 10-10 1.03 x 10-8 2.28 x 104
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) 2.12x 10°9 1.59 x 10-9 5.08 x 10-7

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 differences might be evident, but the data

Table 4-44. Measurements of radionuclides in the Savannah River and Savannah River Site stream

sediments for 1995 (picocuries per gram).2

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 of sediment
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

Location Cobalt-60 Strontium-90 Cesium-137 Plutonium-238 Plutonium-239
Savannah River
Below Fourmile Branch ) 0.00670 0.788 0.000612 0.00289
Below Little Hell Landing ) 0.00094 1.49 0.00109 0.00586
Highway 301 ®) ®) 0.203 0.00130 0.00823
Lower Three Runs mouth ®) 0.00068 1.43 0.00282 0.00505
Demier's Landing (control) () 0.00083 0.262 () 0.001260
SRS Streams
Fourmile at Road A-7 ® 0.417 0.954 0.000558 ®)
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 Runs mouth (®) () () (b) (b)
Lower Three Runs mouth (control) ®) ®) () ®) ®

2. 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 of Cesium-137
to Onsite Streams

Since 1954, approximately 563 curies of ce-
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 amount of
these releases. The following section provides
information on the estimated inventory and dis-
tribution of cesium-137 remaining in Steel
Creek.

4.2.8.1.3 Radiation Levels in Steel Creek

From 1955 to 1973, the SRS released approxi-
mately 284 curies of cesium-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)
of cesium-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).

L10-09

The SRS discharged an estimated 27 curies (15
from L-Reactor and 12 from P-Reactor) of co-
balt-60 to Steel Creek (DOE 1984). Most of the
cobalt-60 (which has a half-life of 5.26 years)
has been eliminated through radioactive decay;
however, an estimated 0.5 curie remains in ¢i-
ther Steel Creek or L-Lake, or has moved to the
Savannah River in a manner similar to that de-
scribed for cesium.

After their discharge to Steel Creek, the cesium-
137 and cobalt-60 became associated 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 regime in the creek above and
below L-Lake. Aerial radiological surveys (€2,
EG&G 1992) conducted since 1974 indicate that
the radionuclides have remained channeled in2
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, it
ium levels in Steel Creek, Lower Three Runs,
Fourmile Branch, and Pen Branch are exPected
to increase under the No Action Alternative
from the 1996 levels due to removal of the

TE| Table 4-45. Releases of cesium-137 to onsite streams from reactor operations.2

Source Receiving stream Release (curies)
C-Area Castor Creekb 33
K-Area Indian Grave Branchc 24
L- and P-Areas Steel Creek 284
R-Area Lower Three Runsd 222
Total 563

Soun:ce: Cummins, Hetrick, and Martin (1991).
A tributary of Fourmile Branch.
A tributary of Pen Branch.

aooe

Total release to Par Pond, R-Reactor Canals, and Lower Three Runs.
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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 Shut Down and Deactivate and Shut
Down and Maintain Alternatives, an increase in
contaminated sediments is likely during periods
of heavy rainfall. Therefore, for these alterna-
tives the sediment loss has been calculated
based on stabilized steady state condition and
added to the flow in Steel Creek in the form of
increased contaminant concentrations in shore-
line sediments and surface water. The following
sections describe the impacts of these increased
contaminant concentrations.

4.2.8.2.1 No Action
Public Health

Radiological and nonradiological impacts from
atmospheric and liquid releases to members of
the public under the No-Action Alternative
would not change appreciably from the baseline
impacts described in Section 4.1.8.1.1. This is
true for atmospheric releases because although
additional sediments in the stream beds may be
uncovered and allowed to dry and be dispersed
by the wind, these sediments typically have
relatively low concentrations of contaminants
(DOE 1984) and would not affect the total air-
borne release appreciably. Similarly, although
concentrations for some contaminants (tritium)
would increase in the affected streams, the total
release of these contaminants would remain
constant. Therefore, incremental changes in
impacts under the No-Action Alternative would
be very small and this EIS does not calculate
them.

L1009

TC

Occupational Health

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 streams would remain
essentially constant from the baseline condi-
tions.

4.2.8.2.2 Shut Down and Deactivate

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 of this
sediment loading on Steel Creek.

Public Health

Radiological and nonradiological impacts 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 (aqueous releases
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.
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1e| Table 4-46. Worker radiological doses associated with the Shut Down and Deactivate Alternative and

resulting health effects.2
Shut Down and Deactivate
No-Action Alternative Alternative
Probability or Probability or
number of fatal number of fatal
Receptor Dose (rem) cancersb Dose (rem) cancersb
Average involved worker
(current use)
Annualc 4.9 x10-10 2.0 x 10-13 45x108 1.8x10-11
Lifetimed 6.6 x 109 2.6 x 1012 2.0 x 10-7 8.1x 1011
All involved workers®
(current use)
Annual® (person-rem) 3.4x10-8 1.4 x 10-11 3.1x106 1.3x 109
Lifetimed (person-rem) 4.6 x 107 1.8 x 10-10 1.4 x10-5 5.7x 109
Average involved worker
Ho® (future use)
Annual¢ 1.1x 108 43 x 1012 9.7 x 10-7 3.9x10-10
Lifetimed 1.5 x 10-7 5.8 x 10-11 1.6 x 10-5 6.4 x 109
All involved workerse
(future use)
Annual® (person-rem) 7.6 x 10-7 3.0 x 10-10 6.8 x 10-5 2.7x 108
Lifetimed (person-rem) 1.0 x 10-5 4.1 x 10-9 1.1 x 10-3 45x 107
Uninvolved workerf No impact
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 th'e dose to the
maximally exposed worker will remain as far below the regulatory dose limit as is reasonably achievable. The
TE 1995 average dose for all site workers who received a measurable dose was 0.019 rem (see Table 4-16).
d. Based on 5 years of exposure for current workers and 25 years of exposure for future workers; doses are o
rected for radioactive decay.
e. Estimated to be 70 workers.
f. L-Area.
Occupational Health

would result in incremental impacts from dir':‘cl:e
exposure (e.g., dermal exposure) pathways-

Additional sediments from L-Lake would ap- following paragraphs describe these impacts.

pear in Steel Creek during periods of heavy
rainfall. This increased sediment loading would
result in increased concentrations in the surface

Wwater and eventually higher concentrations in Radiological doses and resulting impacts asso-

shoreline sediments in the Steel Creek corridor ciated with the Shut Down and Deactivate AF
and delta. These higher concentrations would

L ternative would be due to sediment losses o™
result in increased exposure to constituents that | the L-Lake bed. Table 4-46 lists these doses

Radiological Health

/
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and resulting impacts. As listed, the probability
that the average involved worker would develop
a fatal cancer sometime as 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 collective radia-
tion dose could produce up to 1.3 x 10-9 addi-
tional fatal cancer as the result of a single year’s
exposure; over a 5-year career, the involved
workers could have 5.7 x 10-9 additional fatal
cancer as a result of exposure.

Under the future land use scenario, the prob-

ability that the average involved worker would
develop a fatal cancer at some time as the result

of a single year’s exposure to radiation would be
3.9 x 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 {rc
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.

Table 4-47. Worker nonradiological, noncarcinogenic h
the Shut Down and Deactivate Alternative.2

Nonradiological Health

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 same as those dis-
cussed in Section 4.1.8. Table 4-47 lists the re-
sults. As listed, the calculated hazard indexes
for the maximally exposed involved worker un-
der the current and future land use scenarios
(8.6 x 10-5 and 1.8 x 10-3, respectively) would ITC
be a small fraction of 1. Therefore, there is a

very low probability that these individuals

would experience adverse health effects.

|TE

4.2.8.2.3 Shut Down and Maintain

For the Shut Down and Maintain Alternative,
DOE would discontinue pumping to the reactor
areas and flow would revert to natural levels in
SRS streams as described for the Shut Down
and Deactivate Alternative. Therefore, the im-
pacts to workers and members of the public un-
der Shut Down and Maintain would be the same
as the impacts under Shut Down and Deactivate.

azard indexes and cancer risk associated with |TE

Annual (lifetime)
Receptor Total hazard index latent cancer riskb
Involved worker 8.6 x 10-5 7.9 x 10-12
(current use) (3.9x10-11)
Involved worker 1.8 x 103 1.5 x 10-10 c
(future use) (3.6 x 10-9)
Uninvolved workerc No impact No impact

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 releases to L-Area.
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4.3 Par Pond

Par Pond, a 2,640-acre (10.7-square-kilometer)
reservoir (Figure 4-32), was created in 1958 by
building an earthen dam (the Cold Dam) across
the upper reaches of Lower Three Runs (Wike
et al. 1994). It has an average depth of 20 feet
(6.2 meters) and a maximum depth of 59 feet
(18 meters) (Du Pont 1987b). At full pool, the
reservoir storage volume is approximately
52,800 acre-feet (65 million cubic meters).

From August 1958 to October 1961, Par Pond
received thermal effluent only from R-Reactor.
Heated effluent was discharged to the Middle
Arm of Par Pond through precooler Pond C.
From November 1961 to June 1964, both P- and
R-Reactors discharged heated effluent to Par
Pond: R-Reactor to the North Arm via pre-
cooler Pond B, and P-Reactor to the Middle
Arm via a series of precooler ponds and Pond C
(Du Pont 1987b). In July 1964 the Atomic En-
ergy Commission suspended operations of
R-Reactor and placed it on standby. After 1964,
Par Pond received thermal effluent only from
P-Reactor, and Pond B never again received
heated discharge.

Pumphouse No. 6 (see Figure 4-32) in the west
arm (Intake Arm) of Par Pond allowed recircu-
lation of water from Par Pond to P-Area where
it mixed (in the 186-Basins) with makeup water
pumped from the Savannah River. During reac-
tor operations, recirculating water flowed
through the reactor heat exchangers, where it
reached temperatures of approximately 158°F
(70°C), and discharged through a series of pre-
cooler ponds and canals into Pond C (Du Pont
1987b). Heated cooling water from Pond C
passed through a concrete culvert below an
earthen dam (Hot Dam) from the bottom of
Pond C into Par Pond. Water lost from the Par
Pond system due to evaporation and seepage
was replaced by makeup water pumped from the
River. Other than the addition of the makeup
Wwater and the overflow and seepage to Lower
Three Runs via the Cold Dam, Par Pond oper-
ated as a closed loop system. At present, no

river water is pumped to Par Pond. Rainfall and
inflows from the watershed and groundwater
maintain reservoir levels above 195 feet

(59.4 meters).

Simple replacement time for the total volume of
water in Par Pond by rainfall and runoff from
1962 to 1977 averaged 704 days (Du Pont
1987b). However, reactor operations reduced
actual replacement time to 68 days. The shorter
replacement time caused increased mixing in
the lake and resulted in a more homogeneous
distribution of nutrients and plankton than. ‘
would have occurred without pumping activi-
ties.

The natural morphometry of southern pOl‘tiOl’lS'
of Par Pond was altered by earth-moving activi
ties during the creation of the impoundment,
which resulted in level areas near the pum-
phouse (the Intake Arm) and noticeal.oly steep
slopes on the east side of the reservoir near the
Hot Dam (Du Pont 1987b). The construction
activities did not significantly change the North
Arm, which as a result is more riverine and
shallow.

Pond B is a 200-acre (0.8 square-kilometer) e
ervoir 2 miles (3 kilometers) northwest of Par
Pond (see Figure 4-25). From 1961 to 1964,
Pond B was the precooler pond for R-Reactor
cooling water effluent. After the R-Reactor
shutdown in 1964, Pond B had significantly
lower concentrations of total phosphoru53 -
trate, silica, potassium, magnesium, calcium,
sodium, chloride, inorganic carbon, and tot2
dissolved solids in the euphotic zone than Par
Pond (Du Pont 1987b). The higher solids and
nutrient levels in Par Pond were attributed the
higher levels of nutrients and suspelldefi solids
in Savannah River makeup water entering P2f
Pond.

Releases from R-Reactor in the form of procés*
leaks, purges, and makeup cooling water con-
taminated Par Pond with low levels of radloac;
tive materials, primarily cesium-137- Release
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Source: DOE (1995a).

PK64-1PC

Figure 4-32. Par Pond and environs showing full pool contour of 200 feet above mean sea level

and the 195 foot contour.
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(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 curies of cesium-137 remain, two-thirds of
which occur below the 190-foot (58-meter)
contour (DOE 1995a).

Elevated levels of mercury were found in Par
Pond bottom sediments in the 1960s. An esti-
mated 40 pounds (18 kilograms) of mercury
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 of mer-
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 the mid-
1970s, these industries dramatically reduced
levels of pollutants in their permitted dis-
charges. Levels of mercury entering SRS water-
bodies with river water showed a corresponding
decline (Newman and Messier 1994).

An inspection of the 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) above mean 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
Re:sponse, Compensation, and Liability Act in-
terim action to reduce risks to human health and

the environment from contaminants in exposed
sediments.

The Environmental Assessment for the Natural
Fluctuation of Water 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 of Par Pond and the expected impacts of
allowing the surface-water level of Par Pond to
fluctuate from a full pool of approximately
200 feet (61.0 meters) to 195 feet (59.4 meters).
This document determined that there would be
three basic impacts: (1) instability in the littoral
zone of the reservoir, (2) exposure of up to
500 acres (2 square kilometers) of contaminated
sediments in the lakebed at the 195-foot '
(59.4-meter) elevation, and (3) loss of nptn'ent
inputs to the reservoir. However, ina Finding
of No Significant Impact (DOE 1995b), DOE
concluded that the proposed action (a compo-
nent of which was the natural fluctuation of the
water level in Par Pond) was not a major ng-
eral action “significantly affecting the quality of
the human environment within the meaning of
the National Environmental Policy Act.”

43.1 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.

re| 43.1.1.1 Stratigraphy

By analyzing the geologic map of the sit¢, itcan
be determined that the Tobacco Road Formatiol
outcrops along approximately 60 percent of the
western side of Par Pond and the Dry Branch ¢
Formation outcrops along the upper reaches 0
the lake. Section 4.1.1.1 describes these forma-

¥T¢| tions that could be affected (Prowell 1994).
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4.3.1.1.2 Soils

The following soils occur commonly in the area
west of Par Pond (see Figure 4-9) (USDA
1990):

e Blanton sand, 0 to 6 percent slopes (BaB)
¢ Fluvaquents, frequently flooded (Fa)
¢ Fuquay sand, 2 to 6 percent slopes (FuB)

43.1.2 Environmental Impacts
4.3.1.2.1 No Action

The erosion or deposition of soil 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.

4.3.1.2.2 Shut Down and Deactivate

If DOE 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 will maintain lake levels above
195 feet (59.4 meters) above mean sea level
through recharge by groundwater. Without the
River Water System, DOE would not be able to
refill Par Pond.

4.3.1.2.3 Shut Down and Maintain

The impacts discussed above for the Shut Down
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 River Water System to refill
the lake.

43.2 SURFACE WATER

43.2.1 Affected Environment

Par Pond was a cooling water reservoir for P-
and R-Reactors until 1964, when DOE shut
R-Reactor down (Wilde 1985). It continued to
Teceive heated cooling water until 1988, when

TE

TE
TC

DOE shut P-Reactor down (Paller and Wike
1996a).

4.3.2.1.1 Water Quality

Because watershed contributions to Par Pond
(through rainfall and natural 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).

A comprehensive biological monitoring 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).

In 1991 the water level of Par Pond was reduced
from its historic level of 200 feet (61 meters)
above mean sea level to 181 feet (55.2 meters)
above mean sea level because of a defect in the
Par Pond Dam. The drawdown began in June
1991 and the water level reached 181 feet by
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.

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 (61 meters) above mean
sea level. The sampling program measures and
monitors parameters and constituents that could
quickly indicate impending anoxia (oxygen de-
pletion) or eutrophication (nutrient enrichment).
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; J 1990-December 1991).
TE| Table 4-48. Water quality parameters for Par Pond near the dam (January

Item Mean Range Number of samples
Water temperature (°C) 18.1 8.5-31 96
pH 6.33 5.54-7.25 84
Dissolved oxygen (mg/1) 6.01 0.02-11.6 96
Specific conductance (umhos/cm) 70.0 46-126 96
Total suspended solids (mg/1) 2.02 0-10 96
Alkalinity (mg CaCO3/1) 14.6 6.73-40.3 96
Chloride (mg/1) 5.73 3.25-8.0 28
Sulfate (mg/l) 4.62 3.6-7.8 28
Total calcium (mg/l) 342 2.44-4.72 28
Total magnesium (mg/l) 0.84 0.593-1.04 28
Total sodium (mg/1) 6.15 3.07-9.05 28
Total potassium (mg/l) 1.04 0.54-1.38 28
Total aluminum (mg/1) 0.032 0.006-0.109 28
Total iron (mg/l) 0.517 0.015-3.63 28
Total manganese (mg/l) 0.251 0.006-137 28
Total phosphorus (mg/1) 0.032 0.008-0.28 1,000
Ortho-phosphate (mg/1) 0.007 0-0.238 999
Total Kjeldhal Nitrogen (mg/1) 0.302 0-1.03 1,000
Ammonia (mg N/I) 0.046 0-0.891 1,000
Nitrite (mg N/1) 0.003 0-0.026 1,000
Nitrate (mg N/I) 0.073 0-0.385 9%

Results of the sampling through September
1995 indicated that dissolved oxygen and nutri-
ent concentrations generally remained within
the range expected for southeastern reservoirs
(Koch, Martin, and Westbury 1996).

In September 1995 DOE collected sediment and
water samples as part of a study that included an
investigation of contaminant levels in Par Pond
sediments and water, and how the drawdown
and refill affected contaminant levels. The
sediment sample analyses included total mer-
cury, while the water sample analyses included

total mercury and EPA target analyte list metals
(Paller and Wike 1996a).

Mercury, a toxic metal, was present in detect-le
able concentrations at 20 percent of the samP
sites; elevated levels of mercury have accum‘;e
lated in sediments from pumping water 1%
Savannah River. The average concentratlfm,w
parts per billion, was below the EPA Res'fl’ifon.
sediment screening value (130 parts per bi lcor:-
EPA 1995). However, the highest merciry
centration, 323 parts per billion, €x '
EPA Region IV screening value for mercu?i’;:s
sediments. The highest mercury concentrd
occurred in deeper portions of Par Pond.
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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
the maximum detected value exceeded the EPA
Region IV screening level, the average concen-
tration (77 parts per billion) did not.

None of the metals 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 that these 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 sediment movements [although localized
downslope movements of contaminants on the
exposed shoreline during the drawdown remain
a possibility (Paller and Wike 1996a)].

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 (61 meters) above mean sea level
(Wilde 1985).

43.2.1.3 Water Usage

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 (61 meters) and 195 feet
(59.4 meters) above mean sea level. DOE ac-
complished this by diverting flows from Na-
tional Pollutant Discharge Elimination System

—

C

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 current primary effluents to Outfall P-19
are the P-Area 186-basin overflow (pumped
river water), nonprocess cooling water, building
drains, and stormwater.

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, the water level has fluctuated naturally
and has not decreased below 199 feet (60.7 me-
ters) (Sidey 1996). Initial modeling 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) above mean sea level (DOE
1995a); however, these exercises had some un-
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 for modeling
purposes that net groundwater flow into the
pond was zero (i.e., flow in equals flow out).

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 represent actual flows in or out
of Par Pond (Hiergesell and Dixon 1996).
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Table 4-49. Inflow and outflow terms (cubic feet per second).a,b

TE Inflow Terms

Water budget component

Long-term average flux rate

Precipitation over Par Pond

Surface runoff entering Par Pond
Groundwater seepage into Par Pond
Long-term average canal inflow to Par Pond
Total

13
11

Outflow Terms

Water budget component

Long-term average flux rate

Evapotranspiration from Par Pond
Seepage loss to groundwater
Spillway discharge

Total

a. Source: Hiergesell and Dixon (1996).

13
7

40

60

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
(032 cubic meters per second) continuous re-
lease and a full pool of 200 feet (61 meters)
above mean sea level indicate that the reservoir
remains above 197 feet (60.2 meters) above
mean sea level more than 95 percent of the time,
based on the revised model predictions
(Gladden 1996a).

4.3.2.2 Environmental Impacts

43.2.2.1 No Action

There would be no impacts to Par Pond surface
water resources if DOE decided to implement
the No-Action Alternative. The SRS ceased
river water 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 (61 meters) above mean
sea level. DOE allows the water level to fluc-
tuate from a full pool of approximately 200 feet
10 195 feet (59.4 meters). Although the Par
Pond water level has not decreased below

199 feet (60.7 meters) since January 1996,}t
could fluctuate by as much as several feetinre-
sponse to seasonal changes in rainfall and
evaporation. Considerable research on thq 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 f:hmc':ter-.
istic of a normal hydrological cycle (i.€. highn
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 if water levels
dropped below 195 feet (59.4 meters).

The cessation of river water inputs has resultzd
in the reduction of nutrients entering Par _P°"
from the Savannah River. The reservoiris
likely to change from a moderately productive
state to a water body that more closely resem't
bles typical southeastern reservoirs that dono
experience substantial nutrient input (DOE
1995a).
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4.3.2.2.2 Shut Down and Deactivate aquifer in the Par Pond area are also limited and
sitewide data are used here as well (Table 4-2).

Surface-water impacts under this alternative Water from Par Pond recharges both aquifers

would be the same as those discussed for No below the dam. Therefore, water in Par Pond

Action except DOE would lose the capability to does not directly affect the first confined aqui-

restart the river water pumps and refill Par Pond fer. According to assumptions used in Hierge-

to an appropriate level if one of the monitored sell (1996), there is a leakage from Par Pond

indicator values (e.g., a water quality parameter through the water table aquifer and into the first

or a biotic index) exceeded established thresh- confined aquifer. Based on a review of hydros-

old levels. tratigraphic cross sections and maps (Aadland,
Gellici, and Thayer 1995), groundwater is ap-

43.2.2.3 Shut Down and Maintain parently not connected (i.., a groundwater
mound exists between lakes) between Par Pond

Surface-water impacts to Par Pond under this and L-Lake aquifers.

alternative would be the same as those discussed

for No Action. Groundwater Quality and Usage

433 GROUNDWATER The quality of groundwater has been adversely
impacted in P- and R-Areas west of Par Pond

This section describes the site-specific ground- (WSRC 1996¢). However, the extent of that | T

water conditions near the Par Pond aquifers. impact is not fully known and is under investi-
gation. The SRS does not use the water table

433.1 Affected Environment - aquifer or first confined aquifer in the area of

. Par Pond.
Aquifer Units

. . 4.3.3.2 Environmental Impacts
Section 4.1.3 discusses the regional hydrogeol-

ogy. The water table aquifer discharges along 4332.1 No Action

the edges of Par Pond (Hiergesell 1996). Based

on a review of Well No. P24 on cross sections Currently, Par Pond receives no River Water

(Aadland, Gellici, and Thayer 1995), the first System outfall discharges. Therefore, the River

confined aquifer occurs at approximately Water System has no current effect on either

100 feet (30 meters) above mean sea level and aquifer in the vicinity of Par Pond. By continu-

approximately 100 feet below the mean reser- ing the operation of the River Water System,

voir water elevation. DOE does not anticipate any future effects on
either aquifer at Par Pond.

Groundwater Flow

4.3.3.2.2 Shut Down and Deactivate
The water table aquifer flows away from P-Area

(West to east) (see Figure 4-12) and discharges The outfall from the River Water System does
to the west side of Par Pond. Specific hydraulic not currently contribute to the groundwater in
properties for the water table aquifer are limited either aquifer at Par Pond. Therefore, the

in the Par Pond area, so Table 4-1 uses sitewide groundwater flow rates, flow direction, and wa-
hydraulic properties of the water table aquifer. ter quality in both aquifers would not be af-
According to the pontentiometric surface map fected by a shutdown alternative. The overall
of the first confined aquifer (Figure 4-12), groundwater contribution to the lake elevation
groundwater flows in a south/ southeast direc- | would remain essentially constant, and there
tion below and away from Par Pond. Data on would be no change in the current groundwater
the hydraulic properties of the first confined contribution from Par Pond to the water table
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aquifer and the first confined aquifer in Lower DOE used the MEPAS model to estimate

Three Runs. quantities of resuspended particulates originat-
ing from exposed sediment (Droppo et al.

4.3.3.2.3 Shut Down and Maintain 1995), incorporating joint frequency wind data
from the L-Area wind tower for the period from

The impacts described in Section 4.3.3.2.2 1986 to 1991 (Simpkins 1996a). Data from the

would also apply to this alternative. L-Area tower is representative of Par Pond due

| to its proximity. The algorithm used by
43.4 AIR RESOURCES 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
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.

43.4.1 Affected Environment

DOE assumes that the climate, meteorology,

and ambient air quality for Par Pond are T I
equivalent to those for the SRS, which are dis-

cussed in Section 4.1.4.1.

43.4.2 Environmental Impacts

Table 4-50 lists the maximum concentration in
4.3.4.2.1 No Action B air of nonradiological constituents at the bound-
ary of the SRS. Included in the table is a col-
DOE is allowing the level of water in Par Pond umn that shows the maximum allowable
to fluctuate, as discussed in Section 4.3.2.2.2. concentrations established by the South Caro-
The estimated lowest water elevation for Par 1c| lina Department of Health and Environmental
Pond is 197 feet (60 meters) above mean sea Control (SCDHEC 1976). As can be seen from
level, which could expose up to 340 acres the table, the resuspension of particulate mater
(1.4 square kilometers) of sediment (Gladden, from Par Pond produces only minimal concetr
Paller, and Mackey 1995). Winds could cause trations by comparison to the allowable concer-
the exposed sediment to become resuspended as tration.
airborne particulates.

Table 4-50. Maximum ground-level concentrations of nonradiological air constituents at the SRS
boundary under the No-Action Alternative.

I

Modeled maximum air Maximum allowable

Nonrad{ological concentration2 concentrationb
constituent (ng/m3) (ng/m3)
Manganese 2.5 %106 1.0
© Mercury 12 x 106 0.25
C
PMjg 15 50 (annual average)
150 (24-hour average)

a.  DOE assumed 30 disturbances

tration is an upper bound of th
Source: SCDHEC (1976).

PM g is particulate matter with a diameter of 10 microns (0.00001 m) or less.

per month (i.e., once per day) of the lakebed so that the calculated air concen
€ concentration over any time period (e.g., week, month, year).
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The estimated airborne maximum SRS bound- ,TC
ary-line concentrations of radionuclides result-
ing from the resuspension of dried lakebed
sediments would be 1.63 x 104 and 6.0 x 10-7
picocurie per cubic meter for cesium-137 and
cobalt-60, respectively. These concentrations
represent a 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 of 40 CFR 61 and
would not contribute any appreciable dose the
normal site emissions from the SRS.

43.4.2.2 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 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.

43.43 Combined Impacts of L-Lake, SRS

Streams, and Par Pond
4.3.43.1 No Action

The continued operation of the River Water
System would have minimal 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) above mean sea level (Gladden
1996a), which could expose as much as

340 acres (1.4 square kilometers) of sediment
(Gladden, Paller, and Mackey 1995). Sec-

TC

tion 4.3.4.2.1 discusses potential impacts to
ambient air quality due to this natural fluctua-
tion.

The primary contaminants in L-Lake, Par Pond,
and the streams would 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¢).

There would be minimal impacts to the ambient
air quality as a result of the continued operation
of the River Water System.

4.3.4.3.2 Shut Down and Deactivate

The shutdown and deactivation of the River
Water System could cause the level of water in
L-Lake to recede as discussed in Sec-

tion 4.1.2.2.2 and become completely dry over a
period of several years. In addition, Par Pond
could recede from its current level to an esti-
mated lowest water elevation of 196 feet

(58.8 meters) above mean sea level, which
would expose as much as 340 acres (1.4 square
kilometers) of sediment (Gladden, Paller, and
Mackey 1995).

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-
come suspended by air currents and, therefore,
no impacts are likely.

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 the maximum allowable
concentrations established by the South Caro-
lina Department of Health and Environmental
Control (SCDHEC 1976). As can be seen from
the table, the resuspension of particulate matter
from L-Lake and Par Pond is well below the
allowable concentration.
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Table 4-51. Maximum ground-level concentrations of nonradiological air constituents at the Savannzh
River Site boundary under the Shut Down and Deactivate Alternative.

Modeled maximum air Maximum allowable
Nonradiological concentration2 concentrationb
constituent (ug/m3) (ng/m3)
Antimony 8.6 x 10-6 25
Arsenic 22x10°5 1.0
Beryllium 2.9x106 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 106 0.25
PM;(° 16 50 (annual average)
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 of the concentration over any time period (e.g., week, month, year).
b. Source: SCDHEC (1976).

c.  PMjy is particulate matter with a diameter of 10 microns (0.00001 m) or less.

Table 4-52 lists the maximum 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 PM, air toxics, and radionuclides would be

all potential exposure pathways (e.g., ingestion within both State and Federal regulatory guide-

of vegetation, direct exposure to radiation) that lines.

are the result of material being suspended and

transported to the site boundary. These doses 43.5 ECOLOGY

are much less than the 10 millirem per year re-

quirement in 40 CFR 61. The Environmental Assessment for the Natur al
Fluctuation of Water Level in Par Pond and Re-

A be.neﬁt to the environment would be the re- duced Water Flow in Steel Creek below L-Lake

d}xctlon of fugitive evaporative tritium emis- at the Savannah River Site (DOE 19958) de-

sions from the L-Lake surface water. The scribes the impacts of the 1991-1995 drawdovn

maximum calculated reduction in airborne trit- of Par Pond and the expected impacts of allow-

lum concentration would be 0.073 picocurie per ing the surface water level of Par Pond t0 fle

cubic meter. tuate naturally from a full pool of apl?"'m‘imately

Th bi 200 feet (61 meters) to 195 feet (594 meters)-
e combined effects of the shutdown and de- The alternatives considered in this EIS would

;ctxvaufm. of the River Water System would allow Par Pond to fluctuate naturally. Theyd f
axa \é;r;mlmal impact on the ambient air quality fer only to the extent that DOE would maintain
' the operability of the River Water System- The
actions considered in this EIS, in relation t0 P&

Pond, have undergone a thorough NEPA revieV:
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Table 4-52. Maximum ground-level concentrations of radiological air constituents at the SRS boundary
under the Shut Down and Deactivate Alternative.
Modeled maximum air
Radiological concentration2 Dose from all pathways
constituent (pCi/m3) (mrem/yr)
cesium-137 1.6 x 104 6.5 x 10-3
cobalt-60 6.1 x 10-7 1.0 x 10-5
plutonium-239 3.7x10-8 3.5x 105
promethium-146 7.9 x 109 9.5 x 109 T
uranium-233 9.6 x 10-7 9.3 x 10-5
thorium-229 4.5x109 4.7 x 10-6
radium-225 4.5x 109 1.8 x 10-7
actinium-225 45x109 3.0 x 10-8
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 time period (e.g., week, month, year).

4.3.5.1 Affected Environment
4.3.5.1.1 Terrestrial Ecology

Gibbons and Semlitsch (1991) provide informa-
tion on the distribution and abundance of SRS
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 waterfow! 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 SRS mammals, including those of the Par
Pond system. Gibbons et al. (1986) presents
useful information on the distribution and abun-
dance of semiaquatic mammals (e.g., the musk-
rat and beaver) in the Par Pond area.

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

L7-04
L7-05

uptake and retention of cesium-137 in birds
[wood ducks (4ix sponsa), coots (Fulica ameri-
cana), mourning doves (Zenaida macroura),
and domestic chickens (Gallus gallus)] foraging
and nesting in the Par Pond area. These studies
concluded that while the birds’ bodies often
contained elevated levels of cesium-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, except the chicken, are migratory) rap-
idly lose accumulated radiocesium when they
move to uncontaminated areas due to their small
body sizes and high basal metabolic 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).

L7-04
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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1992 and 1993. Doves from Par Pond had sig-
nificantly higher levels of selenium and manga-
nese in muscle tissue than doves from control
sites outside SRS. For all metals, however,
concentrations in doves from Par Pond and
control sites were generally within the lower
range of those reported in the literature, suggest-
ing that those metals do not pose a health prob-
lem to the doves or to animals (including
humans) who might consume them.

Aerial surveys of the Par Pond system con-
ducted from 1981 to 1985 revealed that 20 wa-
terfow] species spent some portion of the fall-
winter period in the Par Pond system (Wike et
al. 1994). Over the 4-year period, waterfowl
use of the Par Pond system increased, while
midwinter numbers declined in South Carolina
and the Atlantic flyway. Lesser scaup (dytha
affinis) were most numerous, followed by
ring-necked ducks (4. Collaris), ruddy ducks
(Oxyura jamaicensis), and buffleheads
(Bucephala albeola). Three of the four species
showed a preference for areas unaffected by re-
actor operations, while ruddy ducks were fre-
quently observed in areas receiving heated
effluent from P-Reactor. Recent surveys con-
ducted by Savannah River Ecology Laboratory
scientists suggest that waterfowl use of Par
Pond has remained high.

The drawdown of Par Pond decimated many
beds of mussels and clams that were stranded
when the reservoir waters receded (DOE
1995a). Although many freshwater mollusks
can survive for several months by burrowing in
mud or moist soils (Pennak 1978), they cannot
survive longer periods out of water, from which
they derive food and oxygen. The loss of mus-
sels and clams resulted in reduced use of Par
Pond by waterfowl in the winter of 1991-1992
(DOE 1995a). Several duck species that tradi-
tionally winter on Par Pond (e.g., ring-necked
ducks and bufflehead) feed on plant material
a.nd mollusks in areas where emergent vegeta-
tion is growing, particularly when preferred
plant foods (such as wild celery, smartweed
widgeon grass, waterlily, buttonbush, and ’
pondweed) are not abundant (Sprunt and Cham-

berlain 1970; Hoppe, Smith, and Wester 1986).
Other species, such as lesser scaup and ruddy
ducks, feed on small invertebrates (snails,
clams, and mussels) in deeper Par Pond waters
(Hoppe, Smith, and Wester 1986; Bergan and
Smith 1989).

The drawdown appeared to have little lasting ef-
fect on adult alligators, but the loss of cover ap-
peared to have reduced alligator nesting success
and juvenile survival. The drawdown had no
noticeable effect on bald eagle use of Par Pond.
As in years past, Par Pond was used extensively
by foraging and roosting bald eagles. The rapid
drawdown of Par Pond in 1991 stranded fish in
shallow pools, making them easy prey for wad-
ing birds, including the endangered wood stork.
As a result, there was a marked increase in the
number of wood storks foraging around the
margins of Par Pond (DOE 1995a). Survey§ of
Par Pond in 1992, 1993, 1994, and 1995 indi-
cated that wood stork use of Par Pond had re-
turned to normal, with storks observed
occasionally foraging in the area.

4.3.5.1.2 Aquatic Ecology

The aquatic ecology of Par Pond was studied
intensively from January 1984 through June
1985 as part of a Clean Water Act Section
316(a) thermal effects demonstration. It~sup-
ported a diverse phytoplankton community;
green algae had the most taxonomic representz-
tion, followed by the diatoms and blue-green al
gae (Chimney, Cody, and Starkel 1985). In
terms of density, diatoms were the most abun-
dant algal group. In terms of primary produc-
tivity, chlorophyll-a concentrations, and algal
community composition, Par Pond was similar
to other lakes in the southeastern United S¢S

Protozoans and rotifers were the numer_lcal "
dominants of the zooplankton community, 1
protozoans more abundant in the winter a8
spring, and rotifers in the summer (ChimneY,
Cody, and Starkel 1985). Larger-bodled C_ladtg‘
cerans and copepods were most abundant it ¢
summer, indicating a lack of strong pressu®
from fish predation. As with the phytoplankio®
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the zooplankton community in Par Pond was
similar to other southeastern systems.

Par Pond received additional zooplankton study
as part of the last 3 years (1990 through 1992)
of the Clean Water Act Section 316(a) thermal
effects demonstration for L-Lake (Gladden et al.
1989; Bowen 1993a). It is difficult to infer
changes in the Par Pond community between
1985 and 1990 from the presentation of data in
Bowen (1993a), but protozoan densities varied
widely from 1990 to 1992; they were often
similar and sometimes higher than the proto-
zoan densities in L-Lake.

Fish populations were temporarily affected by
the Par Pond drawdown, which reduced spawn-
ing and nursery habitat for many species and in-
creased predation on small forage species [e.g.,
brook silverside (Labidesthes sicculus), golden
shiner (Notemigonus crysoleucas), and Notropis
species] and young-of-the-year sunfish that use
littoral zone macrophyte beds for escape cover.

4.3.5.1.3 Wetlands Ecology

The creation of Par Pond in 1958 flooded sev-
eral thousand acres (several square kilometers)
of upland habitat and riparian wetlands. Stable
water levels in Par Pond during the first 33

years of its existence (1958 to 1991) allowed
wetland vegetation communities to develop
along the shore. However, extensive beds of
macrophytes along the shoreline did not develop
until the mid-1970s (Wike et al. 1994). These
beds essentially stabilized by the early 1980s. A
study of wetland vegetation at Par Pond in the
mid-1980s characterized the wetlands of Par

Pond as comprised of three classes: aquatic bed |Lit18

(floating-leaves species), emergent (herbs,
mosses, and ferns), and scrub-shrub (shrubs and
trees). Most of the wetland communities around
the lake represented moderately late-
successional stages (i.e., mature vegetation
communities) with low species diversity. Most
areas were dominated by only a few species of
perennial plants, with few annual species.
Aquatic bed regions were dominated by lotus

(Nelumbo lutea), waterlily (Nymphaea odorata),
and watershield (Brasenia schreberi); emergent
wetlands were dominated by cattail (Typha spp.)
and maidencane (Panicum hemitomon); and the
scrub-shrub areas were dominated by willows
(Salix spp.), sweet gale (Myrica spp.), and ma-
ples (Acer spp.) (Grace 1985).

In March 1991 DOE discovered a depression on
the downstream slope of the Par Pond dam
(Cold Dam). While determining whether re-
pairs were needed, DOE lowered the lake level
approximately 19 feet (5.8 meters) for safety
reasons. As a result, both the emergent and
nonemergent littoral wetland vegetation were
exposed to drying conditions, and extensive
macrophyte losses occurred. Surveys conducted
in August 1992 indicated that some reinvasion
was occurring on the newly exposed shoreline.
For the most part, grasses, sedges, and rushes
were the dominant forms, and some old-field
species had also taken root (Wike et al. 1994).

Par Pond was restored to full pool in spring
1995, and has remained at full pool since refill,
fluctuating only slightly. Periodic surveys of
the shoreline aquatic communities have been
conducted since the reservoir was refilled.
Shoreline aquatic vegetation is undergoing rapid
redevelopment. Maidencane, the current domi-
nant emergent species, has become less abun-
dant in deeper water since the water level rose.
Several other species that dominated wetland
areas of Par Pond before the drawdown are in-
creasing in abundance, including lotus, water-
lily, watershield, and spike rush (Eleocharis
equisetoides). Cattails are also scattered
throughout most of Par Pond, and long beds are
forming in the Middle Arm. Lotus expanded in
1996 into areas formerly dominated by cattails.
In addition, woody species, including loblolly
pine (Pinus taeda), willow, and red maple, that
colonized the reservoir’s edge during the draw-
down, are declining in abundance since the re-
fill, although there is a band of willow and red
maple around the margins of the lake (Mackey
and Riley 1996).
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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” aquatic macrophyte community would be-
come established 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.

The environmental assessment also predicted
that the number of waterfowl using 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 was at full pool (199 to 200 feet
above mean sea level). This predicted reduction
in waterfowl use 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 of aquatic
macrophytes that provide waterfowl with food
and cover would be smaller; and (3) the produc-
tion of benthic organisms, including aquatic in-
sect larvae and mollusks that are important
foods for diving ducks, would be reduced by the
instability of the littoral zone.

The environmental assessment suggested that
fluctuating water levels would not be disruptive
to normal movement 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 the next several years as shoreline
macrophyte communities become reestablished.

Fluctuating water levels would have little or no
effect on bald eagles, although the environ-
mental assessment 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 isno
evidence that allowing Par Pond to fluctuate
naturally would create conditions attractive to
wood storks, because water level changes would
be gradual, allowing most fish to move down-
slope with receding waters. As a result, wood
storks would not be exposed to higher than
normal concentrations of contaminants in water,
sediments, and fish. Section 4.3.5.3 containsa
comprehensive assessment of potential impac§
to threatened and endangered species of shutting
down the River Water System.

Aquatic Ecology

The environmental assessment (DOE 19952)
noted that Par Pond had received continuous i
fusions of nutrients for more than 30 years and
predicted that a reduction in nutrient inpu'ts
would result in the development of aquatic
communities (i.e., plankton and fish) that more
closely resemble those of typical southeastem
reservoirs that do not receive substantial nutri
ent inputs. The environmental 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 accept as potassium becals?
of its chemical similarity.

The environmental assessment predicted that
fish populations would be reduced by.ﬂuctuﬂt'
ing water levels and reduced nutrient inputs .
when pumping of river water was discontinueC-
Fluctuating water levels could hinder the repro-
duction of species (e.g., yellow perch and chan
pickerel) that spawn in shallow, weedy are2%
and would be particularly harmful if reservolr
levels dropped precipitously during sensitié
periods (e.g., soon after eggs are deposited 18
beds in shallow water).
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Wetland Ecology

The No-Action Alternative would allow the
water level in Par Pond to fluctuate naturally
from a full pool of approximately 200 feet

(61 meters) to 195 feet (59.4 meters) above
mean sea level. This could expose as much as
340 acres (1.4 square kilometers) of sediment
(DOE 1995a). However, the level is likely to
remain at approximately 196 feet (59.7 meters)
about 65 percent of the time, which would ex-
pose only about 115 acres (0.5 square kilome-
ters) of sediment. Thus, some changes are
likely to occur in contrast to the relatively stable
and biologically productive nature of the 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 of which 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 time would
resemble those in most seasonally fluctuating
impoundments in the Southeast.

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 macrophytes would 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
productive macrophyte 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

drawdown and the geographic area (Cooke et al.
1986). These fluctuations can both decrease and
increase the abundance of certain species; for
example, cattail and bulrush (Scirpus cyperinus)
can benefit from lower water levels because
they require bare mudflats as a seedbed (Lantz
etal. 1964).

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 as much 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 survival of
this macrophyte in more steeply sloped areas.
Cattail beds would also expand and, as men-
tioned above, spike rush is appearing in beds in
areas almost identical to those observed in pre-
drawdown studies. Lotus, also dominant before
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 replace maidencane in deeper water
areas (Mackey and Riley 1996).

Grace (1985) observed that the lack of appre-
ciable water-level fluctuation in Par Pond may
have created stagnant sediments in some of the
back regions of Par Pond coves, causing them to
be almost devoid of vegetation. Fluctuations in
the water level would aerate these sediments
and could expedite degradation of waste 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).

Rapid recovery of aquatic macrophytes 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 of macrophyte 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 of wetland plant
species around the lake margins.

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.

43.5.2.3 Shut Down and Maintain

DpE 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

(SRFS 1994) describes Federally listed threat-
ened, endangered, and candidate plant and ani-
mal species that occur or might occur on the
SRS. At present, the SRS monitors and protects
these species and has active management pro-
grams for the wood stork, red-cockaded wood-

TEl pecker, and smooth coneflower. Table 4-53
presents Federally listed species.

4.3.5.3.1 Affected Environment
Smooth coneflower (Echinacea laevigata)

The smooth purple coneflower occurs in the
southeastern United States in open frequently
disturbed (burned or mowed) areas such as
highway roadsides and transmission line rights-
of-way that receive ample sunlight (FWS 1995).
Two smooth coneflower populations have been
identified on the SRS: (1) off Burma Road ap-
proximately 2 miles (3 kilometers) southwest of
F-Area, and (2) on a 115-kilovolt transmission
line that intersects Road 9 approximately | mik
(1.6 kilometers) east of L-Lake. Neither popu-
lation is in an area that activities associated vih
the Proposed Action would affect. Therefore,
this EIS will not discuss this species further.

Table 4-53. Threatened and endangered plant and animal species of the Savannah River Site.

Common name (scientific name) Status
Animals
Bald eagle (Haliaeetus leucocephalus) Ta
Wood stork (Mycteria americana) Eb
Red-cockaded woodpecker (Picoides borealis) E
American alligator (4lligator mississippiensis) T/SA¢
Shortnose sturgeon (Acipenser brevirostrum) E
Plants

Smooth coneflower (Echinacea laevigata) E

a. T=Federally threatened species.

b. E = Federally endangered species.
C.

T/SA = Thr imilari
catened due to Similarity of Appearance to the endangered American crocodile.
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Red-cockaded woodpecker (Picoides borealis)

The red-cockaded woodpecker occurs in the
open pine woodlands of 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 a mated 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 98
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 of wood-boring in-
sects, grubs, and beetles form the bulk of this
woodpecker's food.

Bald Eagle (Haliaeetus leucocephalus)

The bald eagle is a permanent breeding resident
of South 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-
tional ban 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).

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).

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) of water
(Stalmaster 1987; FWS 1989).

Bald eagles in South Carolina eat fish almost
exclusively but will feed on wounded water-
fowl, wading birds, small mammals, 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 small mammals (Hart 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
that nest on Pen Branch, approximately 1 mile
(1.6 kilometers) west of L-Lake (LeMaster

1996).

Bald eagle use of L-Lake has increased since
1987 (when the Savannah River Ecology Labo-
ratory began surveys), with the highest number
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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
constant but 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
etal. 1996). After the reservoir was refilled,
bald eagles were seen less frequently in the Par
Pond area.

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 1 mile (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).

Eagles have nested intermittently at the Eagle
Bay location since 1986, with wind storms twice
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)

Wood storks, large wading birds with wing
spans of up to 5.5 feet (1.7 meters) occur
throughout Florida, Georgia, and coastal South
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 ip
m‘uddy or turbid water where birds that hunt
visually cannot feed. To feed efficiently, storks
foragg in ponds where prey concentrate. This is
especially important during the breeding season,

because food requirements are greatest when
adults are nesting or caring for young (Sprunt
and Chamberlain 1970; Kale 1978).

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 tops of the
tallest cypress trées. 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.

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 the popu-
lation decline, ultimately resulted in the species
being listed as Endangered under the Endan-
gered Species Act in 1984 (Couilter, McCort,
and Bryan 1987; Stokes and Stokes 1996).
Restoration efforts have been moderately suc-
cessful. The U.S. population has increased 'from
5,000 breeding pairs in 1980 to 8,000 breeding
pairs in 1996 (Bryan 1996).

The most northern and inland wood stork col
ony, the Birdsville Colony, isina 2.1-square-
mile (5.7-square-kilometer) cypress swamp Rear
Millen in Georgia. This wood stork colony 1S
the breeding area of most storks observed forag:
ing on the SRS. The SRS is approximate}y

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 forage in shallow, open water aress
where prey concentrations are high en'ough o
ensure successful feeding. Ideal feeding conds
tions usually occur in sheltered bodies of water
where depths range from 2 to 6 inches G
15 centimeters), and where the water column 15
relatively free of aquatic vegetation (Coulter
and Bryan 1993). Before 1986, most wood
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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).

At the 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 of 6-12 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 of wood 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.

By 1986 significant numbers of foraging wood
storks were using Kathwood Lake. The maxi-
mum number of wood storks observed per day
increased from 97 in 1986 to 250 in 1990
(Coulter 1993). The ponds have been highly
successful in fulfilling their intended purpose.

Wood stork use of Par Pond and L-Lake has
been intermittent and at fairly low levels in most
years. After the Par Pond drawdown in the
summer of 1991, the reservoir was monitored
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. As many
as 84 storks were observed in a single survey.
No storks have been observed foraging in the
Par Pond area since 1992 (LeMaster 1996).

Craig’s Pond and Sarracenia Bay, two Carolina
bays east of the North Arm of Par Pond were

used by foraging wood storks in 1993 and 1996.
Eagle Bay, just south of the Par Pond Dam, was

also used by foraging storks in 1993 (LeMaster
1996).

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).

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 as many as 100 storks observed
in a single survey. SRS personnel documented
stork use of two additional nearby wetlands,
Steel Creek Bay and an unnamed seasonal wet-
land near Robbins Station, as foraging habitat in
1995 (LeMaster 1996).

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 the dense
growth of aquatic vegetation in other areas
(such as Steel Creek) that no longer received
large volumes of cooling water from reactor op-
erations.

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)

The American alligator, hunted almost to ex-
tinction by the middle of the 20th century, is
now a common resident of the 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 was no longer at risk. However, the
Service maintained that some level of Federal
protection was necessary 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.

In sanctuaries, refuges, and other areas where
they are protected, alligators can grow to 16 feet
(4.9 meters) long and weigh as much 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 (Gibbons and Sem-
litsch 1991). In captivity, alligators can live as
long as 50 years; in the wild 30 to 35 years is
probably the maximum 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.

Alligators occur in a variety of SRS 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 of more than 40 years of protection
afforded the population by the secure SRS
boundary (Gibbons and Semlitsch 1991). Par
Pond contains the largest concentration of alli-
gators on the SRS, more than 200 animals
(LeMaster 1996). Alligators were plentiful in
downstream portions of Stee] Creek when it re-
ceived heated effluent and are now commonly
observed in and around L-Lake (Du Pont 1987d;

LeI\:Iaster 1996). No population estimates are
available for L-Lake.

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 et al.
1994). Fourmile Branch contains small num-
bers of alligators in its lower reaches and delta,
most of which are probably immigrants
(juveniles and subadults) from nearby Beaver
Dam Creek. High stream flows and tempera-
tures from K-Reactor operations made most 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).

Steel Creek apparently supported a large allige-
tor population in the early 1950s before the op-
eration of the 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 Stee!
Creek drainage, with most animals found }nthe
delta or in the vicinity of beaver ponds adjacent
to the stream. Lower Three Runs has histori-
cally supported a reproducing population. ofal-
ligators, most of which 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 ﬁl]ed,‘and by
1974 an estimated 109 alligators were in the
reservoir, 60 of which were adults.

The number of alligators inhabiting Par Pond »
more than doubled from 1974 to 1988, from |
t0 266 animals (Brandt 1991). The size and age
structure of the population in 1988 [2 high pr™
portion of young animals less than 6 feet

(1.8 meters) long] indicated an expanding
population. Brandt (1991) characterized thethat
population as “quite healthy” and suggested
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the number of alligators would increase until the
carrying capacity (estimated to be around 500
individuals) was reached (Brandt 1991).

After Par Pond was drawn 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 that wading 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 territorial encounters between
adults that had left Par Pond and moved to other
areas in search of better conditions (Brisbin et
al. 1992).

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 that negative reproductive im-
pacts of the drawdown were to some extent
compensated for by 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 percent of eggs produced (Brisbin et al. 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
rising water levels appeared to be a function of
location and topography.

Savannah River Ecology Laboratory scientists
recently completed a study that compared body
burdens of mercury in alligators from Par Pond
with alligators from the Florida Everglades
(Yanochko et al. in press). Concentrations of

L7-01

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 of mercury (4.1 milli-
gram per kilogram) in muscle tissue of Par 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.

In January 1996, a large male alligator measur-
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 of death, 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
more mercury than other groups, such as am-
phibians and fish, that have much 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 sexual matur-
ity, condition, habitat preference, and time of
year. The alligator found in Par Pond was at
least 22 years old, and may have been consid-
erably older.

Shortnose sturgeon (Acipenser brevirostrum)

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 of commercial
importance around the turn 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 impoundment of rivers, water
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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 spring when
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 streams to 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 of spawning
habitat as well as hatching success. Very few
larvae and juveniles have been collected, so lit-
tle is known of their distribution and movement
(Rulifson, Huish, and Thoeson 1982).

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 National Marine 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 of SRS
operations on shortnose sturgeon. The assess-
ment concluded that “existing and proposed op-
erations (specifically L-Reactor) of the
Savannah River Plant will not affect the contin-
ued existence of the shortnose sturgeon in the
Sa\fannah River” (Muska and Mathews 1983).
This conclusion was based on the facts that

(1) shortnose sturgeon spawned upriver and
downriver of the SRS; (2) passage up and
downstream was not blocked by thermal efflu-
ents; (3) shortnose sturgeon did not spawn or
forage in SRS streams and swamps that received
thermal discharges; (4) entrainment was 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 National Marine
Fisheries Service concurred with the DOE de-
termination that SRS operations did not threaten
the Savannah River population of shortnose
sturgeon (Du Pont 1985).

A South Carolina Wildlife and Marine Re-
sources Division (now South Carolina Depart-
ment of National Resources) study of seasonsl
movement and spawning habitat preferences of
Savannah River shortnose sturgeon found two
probable spawning sites, one upstream of SRS
at river mile 177-179 (river kilometer 285-288)
and the other downstream of the Site at river
mile 115-121 (river kilometer 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 §0}lth
Caroline Wildlife and Marine Resources Divi
sion study appears to support this theory.

4.3.5.3.2 Environmental Impacts
Red-cockaded woodpecker
No Action

Although there are two inactive red-cocb}ded
woodpecker colonies within a mile (1.6 kilome-
ters) of L-Lake (Colony 61 to the west, It th062
vicinity of Substation Number 3 and Colony
to the east, near the intersection of Road_S 1?'4
and B-5), there are no active colonies within
several miles of the reservoir. Therefore, nfme
of the activities associated with the Nf)—AcUOﬂ
Alternative at -Lake would affect this wood-

/
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pecker. Receding water levels would not have
an effect on birds foraging, roosting, and nesting
in open pine woods miles away from the reser-
voir.

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 colonies within several miles
of the reservoir. None of the 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 woods miles 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.

Shut Down and Deactivate

Under this alternative, L-Lake would recede and
DOE would not pump river water to Par Pond
even if its level were to unexpectedly fall below
195 feet (59.4 meters). Neither circumstance
would affect red-cockaded woodpeckers.

Stream flows associated with this alternative
would have no effect on birds that forage, roost,
and nest exclusively in mature pine stands well
outside of the floodplain.

Shut Down and Maintain

This alternative would have no impact on red-
cockaded woodpeckers.

Bald Eagle
No Action

Under the No-Action Alternative, DOE would
continue to maintain L-Lake at its current level
of approximately 190 feet (58 meters). This
action would not affect bald eagles nesting on
Pen Branch or foraging in the L-Lake area.

Under the No-Action Alternative, Par Pond
would fluctuate naturally from about 195 feet
(59.4 meters) to 200 feet (61 meters). Shoreline
instability could reduce the amount of wetland
vegetation around the margins of the reservoir
and limit the production of macroinvertebrates.
Reduction in aquatic macrophyte coverage or
density would reduce the amount of 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 of bald 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 (5.8 meters), impacts to eagles
from the relatively small fluctuation that would
occur under the No-Action Alternative would be
minimal to nonexistent.

Shut Down and Deactivate

Under this alternative, DOE researched the ef-
fect on eagles from exposure to contaminated
water, sediment, and prey items (mostly fish).

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
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per day, well below the dose range of 0.1 to 1.0
rad per day that is considered protective of
wildlife (IAEA 1992; Eisler 1994; Appendix B).

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 some birds
(Hart et al. 1996). The average mercury concen-
tration in L-Lake bass over a shorter time period
were slightly higher, 1.17 parts per million

TEI (Table 4-54). Mercury concentrations of this
magnitude in fish would not have an acute effect
on eagles feeding on them (Hart et al. 1996) but
could cause subtle, sub-lethal effects (LeMaster
1996). Eisler (1987) recommended total mer-
cury concentrations in food items of “sensitive”
avian species not exceed 0.10 parts per million
and suggested that a concentration as low as
0.05 parts per million could adversely affect re-
production. The historic reproductive success
of eagles nesting at the Eagle Bay nest suggests
that if sublethal effects are occurring, they are
not affecting reproduction in a measurable way
(Hart et al. 1996). Appendix B presents a more
detailed evaluation of potential risks to bald ea-
gles from exposure to cesium-137 and mercury

in surface waters, sediments, and fish of Par
Pond and L-Lake.

Lower water levels and reduced littoral vegeta-
tion in reservoirs could make prey more 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 t0

Table 4-54. Mercury concentrations ppm in largemouth bass (parts per million).

Location Years Minimum Mean Maximum N
Clarks Hill Lakea 1988-91  <0.10 0.37 1.51 8
Savannah River above SRS2 1988-93 0.16 0.44b 123 21
Savannah River at SRS2 198892 <0.10 0.75 161 3l
Par Ponde 1988-94 0.11 0.94 32 52
Par Pondc 1991-93 0.05 NAd 19 300
Par Ponde 1995 NA 0.67 3.18 38
Lower Three Runs? 1988-93 0.25 115 22 3
L-Lakea 1992-94 043 1.17 2.87 15
L-Lakef 1995 NA 0.43 1.07 49
Savannah River below SRS2 1989-94 <0.01 0.608 1.40 4

a. From SRS Annual i “ ”

b. Based on n=18 bec]::s‘;u sznnﬁe;t:lariengis(teg.“h s snlyzed)

:1 ;r:n; ﬁﬁ?::/ Sirl:;xlzz'm, and Youngblood (1994); muscle was analyzed.

e. From Paller and Wike (1996a); whole fish were anal d

f. Fro - yzec.

. Bas':dP:rlllilgllg,%)’ whole fish were analyzed.

e
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a small ponded area at the 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 habitat would be Par Pond and the
Savannah River, both about 6 miles (10 kilome-
ters) away (Hart et al. 1996). These locations
are approximately 1.2 miles (2 kilometers) be-
yond the normal foraging range of bald eagles
(Hart et al. 1996). Although eagles nesting on
Pen Branch could adapt to the change by forag-
ing in other areas or by feeding more heavily on
birds, small mammals, and carrion, they proba-
bly would not continue to nest near L-Lake
(LeMaster 1996).

Shut Down and Maintain

This alternative would produce the same kinds
of impacts described for the Shut Down and De-
activate Alternative.

Wood Stork
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

Under the Shut Down and Deactivate Alterna-
tive, L-Lake could drop as much as 70 feet

(21 meters) in 10 years, and Par Pond could
conceivably drop to a level of 195 feet ITC
(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 level recedes. Fish stranded in these

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).

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 the macrophyte 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 has not fluctuated more than a foot since
DOE refilled the reservoir in March 1995.
Overall, the water 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 has been met and the
average rainfall in the area was below normal
(LeMaster 1996).

Fish in both reservoir systems contain detect-
able levels of mercury. 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
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 total mercury concentrations in food items
of “sensitive” avian species not 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 of wading birds
in southern Florida species whose prey con-
sisted of larger fish contained four times higher
levels of mercury in the liver than those that
consumed smaller fish or crustaceans, and sug-
gested that declining numbers of nesting wading
birds in southern Florida were due, in part, to
mercury contamination of their food supply
(LeMaster 1996). Although wood storks were
not included in that study, they fall in the same
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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, methyl mercury.
The process controlling the transformation from
inorganic species to methyl mercury is therefore
key to the accumulation of mercury 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 of methyl mercury to aquatic organisms
inhabiting those two systems (LeMaster 1996).

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

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

(61 meters). 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 populatio
(LeMaster 1996). PP "

Shut Down and Deactivate

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 years as predicted by the most extreme of the
four scenarios modeled) 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 some years, caused by nest de-
struction, egg loss, or intense predation on
hatchlings; (2) an increased incidence of violent
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.

Based on recent Par Pond studies (Brisbin etal
in press), however, female alligators wopld
probably not abandon established nests inre-
sponse to the drawdown, and would continue 0
nest around L-Lake until food resources become
limited or crowding forces subdominant am{nals
to disperse to other SRS wetlands. Male allige-
tors would be more likely to leave the L-Lake
area because they have much larger home
ranges than females and tend to move more
within their home ranges (Van Meter 1987).
Immature alligators, which actively roam overa
larger area than adults (Van Meter 1987) andare
not attached to breeding territories, would als0
be expected to disperse to other areas when
competition for food or space becomes more .
intense. The lagoons near SC Highway 12540
the Steel Creek delta may provide suitable
habitat for some of these displaced alligators
(LeMaster 1996). Impacts to individual allig:
tors in SRS streams would be minimal Pecause
most of these animals are associated with be&V®"
ponds or other bodies of water that offer basic
habitat requirements (relatively deep water;
food, and cover).

Shut Down and Maintain

Impacts from this alternative would be smﬁgc-
to those described for the Shut Down and
tivate Alternative.
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Shortnose sturgeon
No Action

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.

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 per minute (25.2 cubic meters
per second) (DOE 1987b). Under the No-
Action Alternative, DOE would withdraw
5,000 gallons per minute (0.32 cubic meter per
second) from the Savannah River to maintain
the water level of L-Lake and supply smaller
amounts of water 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 as much as 80 times higher.

DOE would withdraw approximately

5,000 gallons per minute (0.32 cubic meter per
second) of river water to maintain the level of
L-Lake, which is less than 0.2 percent of the av-
erage Savannah River discharge 2.9 million
gallons per minute (183 cubic meters per sec-
ond) reported for the severe drought years of ITE
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 of water withdrawal
planned, (2) the preferred deep-water spawning
habitat of shortnose sturgeon, and (3) the
demersal nature of shortnose sturgeon eggs and
larvae, the likelihood of a significant number of
shortnose sturgeon eggs and larvae being en-

trained by the 5,000-gallon-per-minute pump
seems remote.

Shut Down and Deactivate

Under this alternative, DOE would not pump
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
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-
ronmental Research Park. DOE has not identi-
fied any future mission or other uses, other than
research and monitoring, for Par Pond (Hill
1996).

DOE monitors Par Pond regularly for chemical,
metal, physical, and biological properties, water
level, and radioactive effluents; the monitoring
frequency varies with the location and sample
type. Approximately 10 scientists and techni-
cians per week conduct monitoring or research
on the lake (Marcy 1996). Par Pond is restricted
from other uses.

4.3.6.2 Land Use Impacts
43.6.2.1 No Action

Under the No-Action Alternative, DOE would
not change 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
on future uses in accordance with Future Use
Project recommendations.

4.3.6.2.2 Shut Down and Deactivate

Activities associated with this alternative would
not affect current or future uses of Par Pond.
DOE anticipates no changes and no impacts to
the lake. In January 1996, DOE discontinued
pumping river water to Par Pond to enable water
levels to fluctuate naturally (DOE 1995a,b).
Since then, the lake level has not fallen below
the 199-foot (60.7-meter) level (Kirby 1996).

4.3.6.2.3 Shut Down and Maintain

The impacts under this alternative would be the

same as those for the Shut Down and Deactivate
Alternative, except DOE could restart the River

Water System if necessary. Section 3.3 dis-

cusses possible reasons for a restart of the sys-
tem.

43.7 AESTHETICS

4.3.7.1 Affected Environment

The dominant aesthetic 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,
the rolling terrain, normally hazy atmospheric
conditions, and heavy vegetation, Par Pond is

not visible from off the Site or from roads with
public access.

With the exception of the dam area, Par Pond
c.haracteristically has wetlands along the shore-
line with pine and hardwood forests farther up
the slope. Marsh or shallow water vegetation
such as cattails inhabijt cove areas, whil
areas provide habitat for open-water species
such as water lilies and lotus (Jensen et al.

1992). Figure 4-33 shows Par Pond fr
Road 8 looking north. o

e deeper

Current users and those who would regularly
view Par Pond (about 10 scientists and techni-
cians per week) conduct research and monitor-
ing for chemical, metal, physical and biological
properties, water level and radioactive effluents,
the frequency of use varies depending on the
sample type. Par Pond is restricted from other
uses (Marcy 1996).

4.3.7.2 Aesthetic Impacts
4.3.7.2.1 No Action

Under the No-Action Alternative, the aesthetic
setting of Par Pond would not change and there
would be no impacts.

4.3.7.2.2 Shut Down and Deactivate

Activities associated with this alternative sh_ould
not affect the current or future aesthetic setting
of Par Pond. In January 1996 DOE shut off the
River Water System to Par Pond to allow water
levels to fluctuate naturally (DOE 19952,b).
Since then, the lake level has not fallen below
the 199-foot (60.7-meter) level (Kirby 1996)
Figure 4-34 shows Par Pond at the 195-foot
(59.4-meter) pool elevation; some of tye shore-
line is exposed in the background. This photo-
graph was taken in 1991 during the lake
drawdown.

In the unlikely event that the lake lev_el firopped
below 195 feet (59.4 meters), aesthetic impacts
could occur (depending on how far down the
lake level dropped and for how long). T_her.e
would be some loss of vegetation and w1ldl.lfe
habitat. Tree stumps would be exposeq, dried 0
mud flats would appear for periods of time ot
revegetation began, and there could be interm-
tent odor problems. Figure 4-35 is a 1991 Ph°'r)
tograph of Par Pond at the 181-foot (55.2-met®
pool elevation showing the exposed shoreline
and wetlands in the background. If the lake
level fell below 195 feet, DOE would apply
measures to minimize adverse effects of X .
posed sediments in the lakebed; these measur®
would also help to minimize the aesthetic I™"
TE | pacts.
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4.3.7.2.3 Shut Down and Maintain

Aesthetic impacts under this alternative would
be the same as those noted for the Shut Down
and Deactivate Alternative, except DOE could
restart the River Water System if necessary.
Section 3.3 contains possible reasons for restart-
ing the system.

4.3.8 OCCUPATIONAL AND PUBLIC
HEALTH

4.3.8.1 Affected Environment

Releases from R-Reactor in the form of process
leaks, purges, and makeup cooling water have
contaminated Par Pond with low levels of radio-
active materials, primarily cesium-137
[originally 222 curies in Par Pond, the
R-Reactor canals, and Lower Three Runs (DOE
19952)]. All radiological releases except tritium
stopped after the shutdown of R-Reactor in
1965. Most of the cesium-137 resides in the
upper 1 foot (0.3 meter) of fine sediments, in the
original stream corridors. Because its half-life
is 30 years, more than half of the cesium-137
associated with Par Pond has decayed since the
releases occurred [currently about 43 curies re-
main in Par Pond, more than two-thirds below
the 190-foot (57-meter) level]. Elevated levels
of mercury have accumulated in sediments from

water pumped from the Savannah River (DOE
1995c¢).

In 1995 DOE completed an environmental as-
sessment that enabled the cessation of pumping
from the River Water System to Par Pond. Until
that time, DOE had maintained the water level
in Par Pond at full pool [approximately
199.2 feet (59.7 meters)] with the addition of
flow from the River Water System. DOE
stopped the pumping to reduce operating costs
and, as a result, Par Pond water levels fluctuate
naturally, depending only on rainfall and
groundwater recharge. As a result, the surface-
water level of Par Pond is likely to fluctuate
naturally from a full pool of approximately
199.2 feet (60.7 meters) to 196 feet (59.7 me-

ters) exposing about 340 acres (1.4 square kilo-
meters) of sediment (Figure 4-36) (DOE 19952).

DOE collected samples from the exposed sedi-
ments of Par Pond in early 1995, shortly before
refilling the reservoir after the drawdown. The
sampling was confined to elevations between
190 and 200 feet (58 and 61 meters) above
mean sea level, which included sediments likely
to be exposed when the water level can fluctuate
naturally, as expected under the alternatives.
The sediments were analyzed for a number of
radionuclides and metals. Some of the soil
samples were analyzed for organic contami-
nants, none of which were detected above EPA
or Canadian screening criteria for contaminants
in terrestrial soils (Paller and Wike 1996b).

DOE detected a number of radionuclides in the
Par Pond sediments, but only cesium-137 oc-
curred consistently and at levels well in excess
of levels at the control sites. The geometric
mean concentration of cesium-137 was 7.2 pr
cocuries per gram; the maximum was 56.7 pi-
cocuries per gram (Paller and Wike 1996b).

DOE detected mercury in exposed dry sedi-
ments in concentrations high enough tobe of
possible concern. Mercury concenirations w.ere
characterized by a geometric mean and maxt-
mum levels of 62 and 485 micrograms per kil
gram, respectively.

4.3.8.2 Environmental Impacts

The 1995 environmental assessment (DOE
1995a) estimated human health impacts from 8
natural fluctuation in Par Pond. However,
calculated these impacts in accordance with ;
guidance provided by the EPA (EPA 1989_),_‘“l
limited them to individuals working and living
(residential scenario) close to contamina
sediments. The impacts, therefore, represéat?
conservative upper bound of risk probability-

Impacts calculated for this EIS are based on .
more realistic exposure parameters (¢-8- peop
are assumed to not live close to contaminat

/
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Figure 4-36. 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 assessment re-
late only to the incidence (morbidity) of cancer
resulting from exposures to radionuclides,
whereas this EIS estimates the probability of
latent fatal cancers (mortality) resulting from
exposure to radiological constituents as well as
hazard indexes and cancer morbidity resulting
from exposures to nonradiological constituents.

4.3.82.1 No Action

For the No-Action Alternative, the surface water
level of Par Pond would fluctuate naturally from

full pool of approximately 200 feet (61 meters)
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 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 the MEPAS computer code.
Table 4-55 lists spatially averaged concentra-

tions and the resulting inventory from this
evaluation.

Although tritium is present in Par Pond surface
waters [1.0 picocurie per milliliter (Simpki

(1.0 pkins
1‘996c)], this EIS does not evaluate volatiliza-
tion, atmospheric transport, and exposure

through inhalation of this radioisotope for Par
Pond because 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
conditions due to previous NEPA actions.

Due to the elevated levels of mercury and ce-
sium-137 identified in Par Pond sediments,
DOE does not anticipate that future land use
scenarios would include recreational use 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 industrial workers
assumes no remediation.

Public Health Impacts

Radiological Impacts

To estimate the health effects associated w1th
the No-Action Alternative on the public, rad.lo-
logical doses for the current land use scenano
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.

T | Table 4-56 lists calculated doses resulting from

atmospheric releases under the current land use
scenario. The annual doses (6.5 x 10-0rem 0
the offsite maximally exposed individual and )
2.3 10-3 person-rem to the offsite WP“la"(::]
would be small fractions of the doses from to
SRS releases in 1995 [0.20 millirem to t:he p
maximally exposed member of the public an
5.1 person-rem to the population (Amet,
Mamatey, and Spitzer 1996)].
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Table 4-55. Average concentrations and inventory of radionuclides and metals in Par Pond sediments.2 |Te

Concentration Inventory
Radionuclides (pCi/g) (curies)
Cesium-137 10.9 241
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 3.73x 104

a. Source: Paller and Wike (1996a).\

Table 4-56. Radiological doses and resulting impacts associated with the No-Action Alternative and re-

sulting health effects to the public.2

Individual Population
Total dose Probability of Total dose Number of
Receptor(s)b (rem) fatal cancer (person-rem) fatal cancers
Offsite maximally exposed individual
Annual 6.5 x 106 3.3 %109 NAc NA
Lifetimed 2.3 x 104 1.1 x 10-7 NA NA
Population
Annual NA NA 2.3x10-3 1.1 x 10-6
Lifetimed NA NA 7.6 x 10-2 3.8x 105

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
individual (0.06 millirem from airborne releases and 0.14

were 0.20 millirem to the offsite maximally exposed
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 = not applicable.

o

d. Based on 70 years of exposure; doses are corrected for radioactive decay.

Nonradiological Impacts

Table 4-57 lists the hazard index associated with | e
the No-Action Alternative. The calculated haz-

ard index for the maximally exposed individual
would be a small fraction of 1 and, therefore,

this individual would not experience adverse

health effects.

Occupational Health

Radiological Impacts

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
for members of the public.2

Receptor Total hazard index

Offsite maximally exposed individual 1.5 x 104

a. Supplemental information 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 Probability of Dose Number of
Receptor(s) (rem) fatal cancer (person-rem) fatal cancers
Involved workerb (current use)
Annual¢ 42x 104 1.7 % 10-7 2.9 x 102 12x 105
Lifetimed 2.0x 103 7.9 x 107 1.4 x 10-1 55x10°
Involved workere (future use)
Annual¢ 23x10-2 9.4 x 106 1.6 6.5 x 104
Lifetimed 44 x10-1 1.8 x 104 3.1x 10! 12x 102
Uninvolved workerf
Annual¢ 7.7x10-8 3.1x 10-11 8.1x 10-6 32x109
Lifetimed 1.4 x 10-6 5.8x10-10 1.5x 104 6.1x108

Supplemental information provided in Tables C-38, C-39, and C-40 in Appendix C.

Estimated to be 70 workers.

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 0.7 rem. Operational procedures ensure that th.e dose to the
maximally exposed worker will remain as far below the regulatory dose limit as is reasonably achievable.

Based on a total of 13,651 monitored workers (Kvartek 1996), the 1995 average dose for all site workers who
received a measurable dose was 0.019 rem (See Table 4-15).

o

d. Based on 5 years of exposure for current workers and 25 years of exposure for future and uninvolved WORkers;
doses are corrected for radioactive decay.

e. Estimated to be 70 workers.

f.

L-Area; total uninvolved workers estimated to be 251 [Source: Simpkins (1996¢)].

worker doses [the increase in dose due to ac-
tivities prior to the Par Pond environmental as- i
sessment (DOE 1995a)]. These doses represent Nonradiological health impacts (hazard inder)
a small fraction of the DOE limit (10 CFR 835), were calculated under the current and future
which requires that annual doses to individual land use scenarios for the involved worker.
work'ers not exceed 5 rem per year, and a small exposure pathways and exposure time§ would
fraction of the SRS administrative limit of be the same as those discussed in Section

0.7 rem per year (WSRC 1995d). €| 4.1.8.2.1. Table 4-59 lists the results; the

Nonradiological Health
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Table 4-59. Worker nonradiological hazard indexes associated with the No-Action Alternative.a |

Receptor(s)

Total hazard index

Involved worker (current use)
Involved worker (future use)

Uninvolved workerb

5.6 x 10-4 !
1.5x 108 |

a. Supplemental information is provided in Tables C-41, C-42, and C-43 in Appendix C.

b. L-Area.

1
3.1x10°5 i
|
i

calculated hazard indexes for the maximally ex-
posed involved worker under the current and
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.

4.3.8.2.2 Shut Down and Deactivate

For the Shut Down and Deactivate Alternative,
Par Pond would maintain the same water levels
as those described under the No-Action Alter-
native. Therefore, impacts to workers and
members of the public under Shut Down and
Deactivate would be the same as those under No
Action.

4.3.82.3 Shut Down and Maintain

For the Shut Down and Maintain Alternative,
Par Pond would maintain the same water levels
as those described under the No-Action Alter-
native. Therefore, impacts to workers and
members of the public under Shut Down and
Maintain would be the same as those under No
Action.

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
Wwould be affected by releases from more than

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

shows release 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.

4.3.8.3.1 No Action
Public Health Impacts

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 for members of the public
under the No-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.

Radiological Impacts

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, the maximally 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

ITE
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Table 4-60. Combined radiological doses and resulting impacts associated with the No-Action Alterna-

tive and resulting health effects to the public.2

Individual Population
Receptor(s)b Total dose Probability of Total dose ~ Number of fatal
(millirem) fatal cancer (person-rem) cancers
Offsite maximally exposed individual
(current use)
Annual 6.6 x 103 3.3x 109 NAC NA
Lifetimed 2.3x10-1 1.1x10-7 NA NA
Offsite maximally exposed individual
(future use)e
Annual 3.8x 10-1 1.9x 107 NAC¢ NA
Lifetimed 1.3x 101 6.6 10-6 NA NA
Population
Annual NA NA 3.6x10-3 1.8x 106
Lifetimed NA NA 1.0x 10-1 5.0x 105

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).
NA = not applicable.

ae

€. Assumes future recreational use of L-Lake.

Based on 70 years of exposure; doses are corrected for radioactive decay.

adding the resulting impacts from each source
facility. The combined maximally exposed in-
dividual was determined to reside in the east
sector at the Site boundary.

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-Lake with 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.

TE
Table 4-60 lists combined annual doses result-
ing from releases under the current land use
scenario. The annual doses (6.6 X 10-3 millirem
to the offsite maximally exposed individual and
3.6 x 10-3 person-rem to the offsite population)

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 (Armett,
Mamatey, and Spitzer 1996)].

Under the future land use scenario, the annual
dose (0.38 millirem) to the maximally exposed
individual would 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 of cancers that would be expected in
the same period of time from all causes
(157,900) in the SRS 50-mile (80-kilometer)
population.
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Nonradiological Impacts

Te| Table 4-61 presents the combined hazard index
for the maximally exposed individual under the

Te| current and future land use scenarios. For the
current land use scenario, the maximally ex-
posed individual is exposed only from atmos-
pheric releases from exposed sediments of Par
Pond. This hazard index (1.5 x 10-4) was listed

TE| in Table 4-57. For the future land use scenario,
the hazard index resulting from the future use of

TEI L-Lake (Table 4-18) would be added to the cur-
rent use hazard index for Par Pond. As listed in
Table 4-61, the combined hazard index would
be less than 1. The cancer risk associated with
exposure to beryllium in the surface water of
L-Lake (3.1 x 10-7) represents a small fraction
of the natural incidence of cancer from all
causes.

T| Occupational Impacts

To determine combined impacts to involved
workers, DOE assumed that the impacts result-
ing from work around L-Lake would not be
additive to those resulting from work around Par
Pond because the involved workers for each
source facility would represent a separate work
group.

Radiological Impacts

Based on these assumptions, the combined im-
TEI pacts listed in Table 4-62 for the involved

worker represent the greater of the doses and re-
1c| sulting impacts listed in Tables 4-19 and 4-58.

To estimate the combined impact for the unin-
volved workers in L-Area, appropriate values
rc| from Tables 4-19 and 4-58 were summed.

Te| As listed in Table 4-62, the combined probabil-
ity that the involved worker would developa
fatal cancer sometime during his lifetime as the
result of a single year’s exposure to radiation
under the No-Action Alternative and current
land use scenario would be 1.7 x 10-7. Forthe
total involved workforce, the collective radia-
tion dose could produce up to 1.2 x 10-5 addi-
tional fatal cancer as the result of a single year's
exposure; over a 5-year career, the involved
worker could have 5.5 x 10-5 additional fatal
cancer as a result of exposure.

Under the future land use scenario, the com-
bined probability that the average involved_
worker would develop a fatal cancer sometime
during his lifetime as the result of a single
year’s exposure to radiation under the No-

7c| Action Alternative would be 9.4 x 106, orap
proximately 1 in 100,000. For the total involved
workforce, the collective radiation dose could

1¢| produce up to 6.5 x 10~4 additional fatal cancer
as the result of a single year’s exposure; overa
25-year career, the involved workers could have

1¢| 1.2 x 10-2 additional fatal cancer as a result of
exposure.

The combined probability of any individual un-
involved worker developing a fatal cancer 5 a
result of the estimated exposure would be

1| 1.6 x 10-11. For the total uninvolved workfor®
the collective radiation dose could produce Upt°

Table 4-'61. Combined nonradiological hazard indexes and cancer risk associated with the No-Action
Alternative for members of the public.a —
Annual (lifetime)
- Receptor(s)b Total hazard index latent cancer risk®
Offsite maximally exposed individual 1.5 x 104 0
TE (current use)
Offsite maximally exposed individual 6.2 x 102 3.1x107
(future use)d @.1x109)
a.  See Tables C-47 and C48 in Appendix C.
b. Includes direct €xposure pathways.
. Resulting from €xposure to beryllium i
eryllium in L-Lak
d.  Assumes future recreational use of L-Lake. © suriace water.
/
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Table 4-62. Combined worker radiological doses and resulting impacts associated with the No-Action |7

Alternative.a

Individual All workers
Receptor(s)b Probability of Dose Number of fatal
Dose (rem) fatal cancer (person-rem) cancers
Involved workerb (current use)
Annual¢ 42x104 1.7x 107 29x10-2 1.2x 105
Lifetimed 2.0x10-3 7.9x 107 1.4 x 10-1 55x%x 105 ‘
Involved workerb (future use) \
Annual¢ 23x10-2 9.4 x 10-6 1.6¢ 6.5x 104 |
Lifetimed 4.4x10-1 1.8x 104 3.1x 10! 1.2x10-2 I
Uninvolved workerf
Annual¢ 4.0x10-8 1.6 x 10-11 1.0x10-5 4.0% 109
Lifetimed 6.5%10-7 2.6 x 1010 1.6x 10-4 6.5x10-8
a.  Supplemental information provided in Tables C-49 through C-54 in Appendix C.
b. Estimated to be 70 workers.

c. 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 0.7 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 13,651 monitored workers (Kvartek 1996), the 1995 average dose for all site workers who received

a measurable dose was 0.019 rem (see Table 4-15).

TE

d. Based on 5 years of exposure for current workers and 25 years of exposure for future and uninvolved workers;

doses are corrected for radioactive decay.

e. Toal for all involved workers; 1995 total for all workers was 256 person-rem (see Table 4-15).

lre

f. L-Area; estimated to be 251 workers [Source: Simpkins (1996¢)].

an additional 4.0 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.

ITC

Nonradiological Impacts

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 ITE
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

addition, the cancer risk to the maximally ex-
posed involved worker would be a small frac-
tion of the natural incidence of cancer from all
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.

4.3.8.3.2 Shut Down and Deactivate

This alternative would remove two sources of
exposure from consideration: exposures due to
tritium releases from L-Lake would stop be-
cause the lake would recede to the original Steel
Creek corridor, and exposures due to future rec-
reational use of L-Lake. In addition, although
impacts from Par Pond would remain essentially
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TEI Table 4-63. Combined worker nonradiological hazard indexes and cancer risks associated with the No-

Action Alternative.2
Annual (lifetime) latent
Receptor(s)P Total hazard index cancer risk
Involved worker 2.1x 104 9.1x 10-:
(current use) (4.5 x10-8)
Involved worker 5.6 x 10-4 1.3 x 10'3
(future use) (3.1 x10°7)
d
Uninvolved worker¢ 1.5x 10-8 NA!
(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.
c. L-Area.
d. NA = not applicable.

unchanged from those for the No-Action Alter-
native, the exposure of dry sediments in the
L-Lake bed would create a new set of exposure
pathways. The combined public and occupa-
tional health impacts are described in the fol-
lowing sections.

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 Shut Down
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,

Te| 4-22, 4-56, and 4-57. These impacts were
combined to determine the location and resuit-
ing impacts to the combined maximally exposed
individual, and population doses were summed.

Public Health Impacts

Radiological 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. The maximally exposed individual was
determined by normalizing atmospheric releases
from L-Lake and Par Pond to a center-of-Site
reference and adding resulting impacts from

each source facility. The combin.ed maximally
exposed individual would reside in the east
sector at the Site boundary.

The combined impacts to offsite populgtions
were determined by adding the population doses
and resulting impacts listed in Tables 4-21 and

4-56.
TE

As listed in Table 4-64, the annual dos;s

(6.9 x 10-3 millirem to the offsite maximally
exposed individual and 2.7 x 10-3 person-rem 0
the offsite population) would be small f.mtJOﬂS
of the doses from total SRS releases to I 1995
[0.20 millirem to the maximally exposed menm-
ber of the 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
causes.

Nonradiological Impacts

Under the Shut Down and Deactivate Altem;'
tive, the maximally exposed individual woul
be exposed to atmospheric releases from ex-d
posed sediments of L-Lake and Par Pond an
liquid releases from sediment runoﬁtffom .
L-Lake. DOE determined the combined hazar
index by adding the hazard index resulting
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Table 4-64. Combined radiological doses associated with the Shut Down and Deactivate Alternative and ITE

resulting health effects to the public.2

No Action Shut Down and Deactivate
Probability€ or Probability€ or
number of fatal number of fatal
Receptor(s)P Total dose cancer Total dose cancer
Offsite maximally exposed individual
Annual (millirem) 6.6 x 10-3 3.3x109 6.9 x 10-3 3.5x 109
. Lifetimed (millirem) 2.3x 101 1.1 x 10-7 2.4x10-1 1.2 x 10-7
Population c
Annual (person-rem) 3.6x10-3 1.8 x 106 2.7x10-3 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

a.  Supplemental information provided in Tables C-58 and C-59 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).

¢.  For the offsite maximally exposed individual, probability of a latent fatal cancer; for the population, number of

fatal cancers.

d. Based on 70 years of exposure; doses are corrected for decay.

from L-Lake (Table 4-22) to the hazard index
for Par Pond (Table 4-57). As listed in Ta-

ble 4-65, the combined hazard index is a small
fraction of 1 and, therefore, the exposed indi-
vidual would not experience any adverse health
effects. In addition, the combined cancer risk
would represent a small faction of the natural
incidence of cancer from all causes.

Occupational Health Impacts

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.

Radiological Impacts

Based on these assumptions, the combined im-
pacts listed in Table 4-66 for the involved TE
worker represent the greater of the doses and re-
sulting impacts presented in Tables 4-23, 4-46, |1
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 |t
and 4-58 (uninvolved workers would not be im-
pacted by SRS streams).

As listed in Table 4-66, the combined probabil- ITE
ity 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 and current

land use scenario would be 1.7 x 10-7, or ap-
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;
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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.2

No Action Shut Down and Deactivate
Annual (lifetime) latent
Receptor(s) Hazard index Hazard index cancer riskb
Offsite maximally exposed 1.5x 104 22x101 8.0x 109
individual (5.6 x10-7)

a. Supplemental information is provided in Table C-60 in Appendix C.
b. Resulting from inhalation of chromium and beryllium in contaminated sediments.

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
Probabilityb or Probability? or
number of fatal number of fata
Receptor(s) Dose cancer Dose cancer

Involved worker (current use) .

Annual® (rem) 42x10-4 1.7x 107 42x104 1.7x107

Lifetimed (rem) 2.0x 10-3 7.9 107 2.0x10-3 79x107
All involved workerse (current use)

Annual® (person-rem) 29%10-2 12x10-5 29x102 12x 105

Lifetimed (person-rem) 14x 101 5.5 % 105 1.4 x 10-1 55x10%
Involved workers (future use)

Annual® (rem) 23x 102 9.4x 106 4.1x102 16x 10°

Lifetimed (rem) 44x10°1 1.8x 10-4 75x10-1 30x104

7c| All involved workerse (future use)

AnnualC (person-rem) 1.6 6.5 % 10-4 29 1.1x103

Lifetimed (person-rem) 3.1x 101 1.2x 10-2 5.2x 10! 21102
Uninvolved workersf

Annuale (rem) 40x108  16x 1011 15x106  59x100

Lifetimed (rem) 6.5%10-7 2.6x10-10 35x10°3 14x10%
All uninvolved workersg

Annual® (person-rem) 1.0x 10-5 4.0x 109 3.7x 104 15x107

Lifetimed (person-rem) 1.6 x 10-4 6.5x 108 g7x103  35x10
a. Supplement_al information provided in Tables C-61 through C-66 in Appendix C.
b. ?:t;lﬂ;;)g:lsw maximally exposed individual, probabilitygof a latent fal:t’flec:!::er; for the population, number of

¢. Annual indiv?dfxal worker doses can be compared with the regulatory dose limit of 5 rem (10 CFR 835) sod i
the SRS administrative exposure gui

deline of 0.8 rem. Operational procedures ensure that the dose to the

® gﬁé;:ﬁi?f;tﬁ::igéegﬁn a: far below the regulatory dose limit as is reasonably lac‘ltl_i;‘g)‘bl"'
rkers who received ble -
Based on 5 years of eXposure for . ived a measurable dose was 256 rem (see Ta

urrent workers and 25 d uninvolved workers,
doses are corrected for radioactiv years of exposure for future 2

¢ e decay.
e. Estimated to be 70 workers, Y
L-Area.

L-Area estimated to be 25] workers [Source: Simpkins (1996¢)].

ga ™
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over a 5-year career, the involved workers could
have 5.5 x 10-5 additional fatal cancer as a re-
sult of exposure.

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 |rc
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, |Tc
the involved workers could have 0.021 addi-

tional fatal cancer as a result of exposure.

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 the total uninvolved |1
workforce, the collective radiation dose could
produce up to an additional 1.5 x 10-7 fatal can- |1
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 |r¢
as a result of exposure. These impacts would be

a small fraction of the natural incidence of can-

cer from all causes.

Nonradiological Impacts

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 the maximally 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 impact would
be minimal.

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-
dividual would not experience adverse health ef-
fects.

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.

Table 4-67. Combined worker nonradiological hazard indexes and cancer risks associated with the Shut |TE

Down and Deactivate Alternative.2

No Action Shut Down and Deactivate
Total hazard  Annual (lifetime) Total hazard  Annual (lifetin.ne)
Receptor(s) index latent cancer risk index latent cancer risk
Involved worker (current use) 2.1x104 9.1x 109 1.1 x 102 6.6 x10-8
(4.5 x 10-8) (3.3 x10-7)
Involved worker (future use) 5.6x 104 1.3x10-8 2.1x 101 12 x 106 rc
(3.1 x 10-7) (2.9 x 10-5)
Uninvolved workerc 1.5x10-8 NAb 1.1 x 104 14 x 109
NA) ) (3.6 x 10-8)

2. Supplemental information is provided in Tables C-67, C-68, and C-69 in Appendix C.
b. NA = Not applicable. Nonradiological carcinogens are not released to atmosphere.
C. L-Area.
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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-Income Populations, 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-income populations. Executive Order
12898 also directs the Administrator of the En-
vironmental Protection 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-

beyond that distance would be negligible. For
liquid releases, the region of interest includes
areas that draw drinking water 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 the racial
composition of communities and the number of
persons characterized by the U.S. Bureau of the
Census as living in poverty. The combined re-
gion contains 247 census tracts, 99 in South
Carolina and 148 in Georgia.

income populations. (Note: This EIS refers to
minority populations as people of color.) 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.

Te| Tables 4-68 and 4-69 list racial and economic
characteristics, respectively, of the population in

TE| the combined region. Table 4-68 indicatesa
total population of more 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 percent ar¢
African American. The remainder of the pop-
lation of people of color consists of sgnall per-
centages of Asian, Hispanic, and Native
American persons. Figure 4-38 shows the dis
tribution of people of color by census tract ares
in the SRS region.

Implementation of the 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-
dius because reasonably foreseeable dose levels

TEI Table 4-68. General racial characteristics of population in the Savannah River Site regiolﬁijtffﬁ_
Percent

Total Peopleof  African Native Mpler:f
State population  White color American  Hispanic  Asian American Other  colo”
South Carolina 418,685 267,639 151,046 144,147 3,899 1,734 911 355  36.08%
Georgia 574982  350.233 224,749 208.017 1.245 7.463 1.546 478 30.0%
Total 993,667 617,872 375,795 352,164 11,144 9,197 2,457 833 31.82%
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.2 |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 statistical poverty threshold, which in 1990 was 1989 income of $8,076 for a

family of two.

Executive Order 12898 does not define minority
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 of color
constitute 50 percent or more of the total popu-
lation in the census tract, or (2) people of color
constitute between 35 percent and 50 percent of
the total population in the tract.

The combined region has 80 tracts (32.4 per-
cent) where populations of people of color
constitute 50 percent or more of the total popu-
lation of the tract. In an additional 50 tracts
(20.2 percent), people of color constitute be-
tween 35 and 50 percent of the population.
These tracts are well distributed throughout the
region, although there are more of them toward
the south and in the immediate vicinities of
Augusta and Savannah, Georgia.

Low-income communities are defined as those
in which 25 percent or more of the population is
characterized as living in poverty (EPA 1993b).
The U.S. Bureau of the Census defines 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

age of the persons in the family. The baseline
threshold for the 1990 census was a 1989 in-
come of $8,076 for a family of two.

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 of interest, but primarily to the south
and west of the SRS.

4.42 ENVIRONMENTAL JUSTICE AS-
SESSMENT

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 or no 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-
income populations” (Executive Order 12898).
Figures 4-38 and 4-39 show communities of
people of color and low income by 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
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PK64-2

Figure 4-39. Distribution of low-income census tract in the Savannah River Site region of analvsis.
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in the downstream communities from liquid ef-
fluents from all alternatives, and potential im-
pacts from nonradiological pollutants.

Figure 4-40 shows a wheel with 22.5-degree
sectors and concentric rings from 10 to 50 miles
(16 to 80 kilometers) at 10-mile (16-kilometer)
intervals. DOE calculated a fraction of the total
TE| population dose for each sector (Table 4-70),
laid the sector wheel over the census tract map,
and assigned each tract to a sector. If a tract fell
in more than one sector, the analysis assigned it
to the sector with the largest value.

DOE analyzed the impacts by comparing the per
capita dose received by each type of community
to the other types of communities in a defined
region. To eliminate the possibility that impacts
to a low-population community close to the SRS
with a high dose per person would be diluted
and masked by including it with a high-
population community farther from SRS, the
analysis made comparisons within a series of
concentric circles, the radii of which increase in
10-mile (16-kilometer) increments. To deter-
mine the radiation dose received per person in
each type of community, DOE multiplied the
number of people in each tract by that tract’s
dose value to obtain a total population dose for
each tract, and then summed the population
doses for each type of community over each
concentric circle and divided them by the total
community population to obtain a community
per capita dose for each circular area.

As discussed in Section 4.3.8.3, no adverse
health effects are likely to occur in any offsite
community, including minority and low-income
communities. The following analyses provide
details of the distribution of impacts only for the
Shut Down and Deactivate Alternative

(Sec.tion 4.4.2.2), which would have the greatest
offsite total population dose.

4.4.2.1 No Action

Bgcause the total offsite population dose under
this alternative would be less than that for either
of the other alternatives, the impacts among

communities would be less than those for the
other alternatives. The distribution of these
small impacts among communities for the No-
Action Alternative would be similar to the dis-
tribution of impacts for the Shut Down and De-
activate Alternative, which is discussed in
Section 4.4.2.2. Impacts would be neither
highly adverse nor disproportionate and would
present no environmental justice concerns.

4.4.2.2 Shut Down and Deactivate

Te| Figure 4-41 and Table 4-71 show the per capit
distribution of the total population dose (240 x
10-3 person-rem) for this alternative in types of
communities within the 50-mile (80-kilometer)
region. As shown in Figure 4-41, the analysis
indicates that atmospheric releases would‘not be
highly disproportionate among communities of
people of color (population equal to or greater
than 35 percent of the total population) or low
income (equal to or greater than 25 percent of
the total population) in the 50-mile region, that
is, in a horizontal comparison of Figure 4-41 e
per capita doses would not vary greatly among
community types.

TE

Section 4.1.8.2.2 discusses predicted potentlal
doses to the offsite maximally exposed individ-
ual and the downstream population from exp>
sure to water resources. Those doses re_ﬂe?
people using the Savannah River for drinking
water, sports, and food (fish). Because the
identified communities in the areas downstrear
from SRS are well distributed and the P°‘°““‘fl
impacts would be so small, there vyould be llel'ts
ther highly adverse nor disproportionate impac
among people of color or low-income commu-
nities.

The distribution of carcinogenic and critert2 i
pollutant emissions would be essenna!ly ld?:al
cal to those presented for airborne radiolog!
emissions because the distribution pathwys o
would be the same. As a result, people of®
or low-income communities would not be ‘:‘S'
proportionately affected by nonra(!lologlﬁa
emissions from any of the alternatIves. 1?;‘;; .
nonradiological pollutant emissions wou
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Figure 4-40. Annular sectors around the Savannah River Site.

NORTH
Legend:
== Tract boundaries
= County boundaries
== Savannah River
PK64-1
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Figure 4-41. Community distributed impacts.

only minimal impacts for any alternative, and
would not be disproportionately distributed
among different types of communities, no envi-

ronmental justice concerns would be related to tionate.
these pollutants for any alternative.

4.4.2.3 Shut Down and Maintain

The distribution of impacts among communities
for the Shut Down and Maintain Alternative

would be the same as those for the Shut Down
and Deactivate Alternative, and the impacts
would be neither highly adverse nor dispropor-

Table 4-71. Estimated per capita annual dose for identified communities in 80-kilometer region.

Persons of color Low income
Greater than 35 percentto  Less than Non-low
For all 50 percent of 50 percent of 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  4.67x109  4.01x108  831x109 1x10-8 1.6x10-8
0-80 km 1.31x10-8 3.95x10-9 3.3x10-8 7.84x10-9 8.62x10-9 1.43x10-8
a.  Per capita dose based on a population dose of 0.002588 person-rem.

b.  To convert miles 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 of nearby offsite industrial facilities. A
cumulative impact is defined as “the impact on
the environment which results from the incre-
mental impact of the action when added to other
past, present, and reasonably foreseeable activi-
ties regardless of what agency (Federal or non-
Federal) or person undertakes such other ac-
tions. Cumulative impacts can result from in-
dividually minor but collective significant
actions taking place over a period of time” (40
CFR 1508.7).

Associated actions are another component of
this cumulative impacts section. This analysis
considers associated actions that could not or
would not proceed unless other actions were
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.

This analysis assesses cumulative impacts for
the Shut Down and Deactivate Alternative be-
cause the No-Action Alternative would have
minimal effects (i.e., ongoing transitions due 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 Shut Down and Maintain Alternative,
DOE preserves the capability to pump water
from the River Water System if conditions or
mission changes require system operation (e.g.,
recover from unlikely drawdown of Par Pond).

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

not included because the impacts of the 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 of each com-
ponent (terrestrial resources, aquatic resources,
wetlands, and threatened and endangered spe-
cies) are covered in the affected environment
sections, and the incremental impact of the ac-
tions under each alternative are added to that
baseline to define the cumulative impact. In the
analysis DOE considers impacts identiﬁgd in
Sections 4.3.4.3 (combined atmospheric im-
pacts) and 4.3.8.3 (combined occupatim.lal'and
public health impacts) coupled with emissions
from existing and planned facilities or activities
and background concentrations. This .ar{a'lysls
includes the following facilities or activities:

e Existing facilities and activities:
Savannah River Technology Center
F- and H-Area Separations Facility

Replacement Tritium Facility
— F/H-Area Effluent Treatment Facility
o Future facilities and activities:

- Proposed facilities and actions assocl-
ated with SRS waste management

— Proposed facilities and actions assoc
ated with interim management of nv-
clear materials

—  Proposed facilities and actions asso*
ated with stabilization of plutonium &
lutions

—  Proposed facilities and actions assocli-ng
ated with the Defense Waste Process
Facility |

— Proposed facilities and actions assock
ated with SRS spent nuclear fuel
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e Offsite facilities:
- Vogtle Electric Generating Plant

4.5.1 ASSOCIATED ACTIONS

DOE has identified five closely related actions
that could be associated with those being con-
sidered in this EIS.

e L-Lake Site Evaluation
o Remedial Action Process for Onsite Streams

¢ K- and L-Area Auxiliary Equipment Cool-
ing
o Wastewater Discharges to Onsite Streams

¢ K- and L-Area Fire Protection Services
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 actions being 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.

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 hazards being
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

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).

K- and L-Area Auxiliary Equipment Cooling

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 cooling water
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, about 210 gallons
per minute (0.013 cubic meter per second) and
190 galions per minute (0.012 cubic meter per
second) of well water are supplied to the com-
pressed air systems in 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.

Wastewater Discharges to Onsite Streams

If DOE implements the Proposed Action, it has
determined that sanitary wastewater from
L-Area would not meet SCDHEC water quality
criteria without blending from other area
sources. Reliable blending water sources do not
exist and consequently DOE must 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 treatment method 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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supply sources in those areas. If the River Wa-
ter System is shut down, approximately 200
gallons per minute (0.013 cubic meter per sec-
ond) of water would be added to each 186-Basin
to ensure that the required reserve capacity is
maintained. This make-up capacity would be
provided by the existing K- and L-Area well
water system. Piping alignments to the well
water systems in both areas to supply the 186-
Basins are associated actions, the impacts of
which would be bounded by historic well water
withdrawal rates. DOE believes that auxiliary
equipment cooling replacement of river 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.

4.52 AIR RESOURCES

Section 4.3.4.3 describes potential total maxi-
mum ground-level concentrations at the SRS
boundary resulting from resuspended dried
lakebed sediments from L-Lake and Par Pond.
e | Table 4-72 lists the cumulative maximum SRS
boundary line ground-level concentrations for
Tc| air toxics (antimony, arsenic, beryllium, cad-
mium, lead, manganese, and mercury) and the
criteria pollutant (PM o) 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 of nonradiological air
pollutants from the SRS, including those from

the River Water System shutdown, would be
below regulatory standards.

Similarly, the concentrations of radioactive
constituents would be very low. The combined
airborne maximum-boundary line concentra-
tions of cesium-137 and cobalt-60 from L-Lake

1| and Par Pond would be 1.6 x 104 and

6.1 x 10-7 picocuries per liter, respectively.
The cumulative impacts in terms of annual dose
equivalents and health effects is discussed in the
following section.

4.53 PUBLIC AND OCCUPATIONAL
HEALTH

Sections 4.1.8 and 4.3.8 describe potenFiaI radio-
logical releases from contaminated sediments of

Te| L-Lake and Par Pond, respectively. Table 48

lists the radiological doses to the hypothetif:al
maximally exposed individual and the offsite
population for the public and workers due to the
exposures resulting from current and @mre SRS
activities, including shutdown of the River W
ter System, and from offsite sources. The cu-
mulative dose could result in an additional latent
cancer fatality risk of 9.6 x 107 per year totha
individual and a total of 0.033 additional cancet
fatality per year to the 80-kilometer .(S.O-mxle)
population from releases of radioactivity- The
shutdown of the River Water System would ac-

1¢| count for approximately 0.4 percent of these ef-

fects. The cumulative impact could result in
0.31 additional latent cancer fatality to onsitt
workers; the shutdown of the River Water Sys:
tem would account for a negligible percentg®
(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 some ad-
verse impacts to the environment. The impact
assessment in this EIS identifies potential ad-
verse impacts; the following paragraphs discuss
those that would be unavoidable.

The recession of L-Lake associated with the
shutdown alternatives would generate transient

and minor air impacts as a result of mininé! lﬂ'r
creases in the concentration of particulae matte!
less than 10 microns in diameter (PMIO) and
slight increases in air toxics (includlqg mangd-
nese, chromium, mercury, and beryllium)

These impacts coupled with those fromlg’;‘t?;"g
operations and background values wou
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fall well below applicable State and Federal
standards.

DOE expects only minor unavoidable adverse
impacts on public or worker health as a result of
the shutdown alternatives. The amount of ra-
dioactivity that exposed lakebed sediments
would release would be a small fraction of re-
leases at the SRS and would be well below ap-
plicable regulatory standards. The hypothetical
maximally exposed individual would receive an
annual effective dose equivalent of 6.9 x 10-9
millirem, compared to about 300 millirem from
natural radiation sources.

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, some of which could

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 or by
disruptions and loss to benthic and foraging
habitat. These species would be able to disperse
to more suitable habitats in the area. These im-
pacts would not affect regional populations.

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.

For the most 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
environment and the maintenance of its long-
term productivity. The implementation of the
Proposed Action would stop river water flow to
L-Lake, but would 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/Steel Creek 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 over time, 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 Commitment of 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
requires the identification of irreversible and ir-
retrievable commitments of resources.

The DOE Proposed Action and Preferred Alter-
native does not involve the construction of new
facilities, operational processes, or waste gen-
eration that typically would require a commit-
ment of resources. 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 commitment of the natural resources asso-

ciated with L-Lake would be unavoidable. Tz-
TE| ble 4-74 details these commitments of various
resources.

DOE anticipates no 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 consume 2
TEl small amount of energy to perform the layup
activities. The Preferred Alternative would cor-
sume a fraction of the amount required under
No Action to perform the surveillance and
maintenance activities necessary to ensure re-
start capability. For the range of layup anfl re-
start options, the annual energy consumption
would range from 680 to 2,500 megawatt hours.
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Table 4-74. Irreversibly or irretrievably committed resources.

Resource

Alternatives

No Action

Shutdown/Maintain2

Groundwater

Terrestrial
Ecology

Aquatic
Ecology

Wetlands
Ecology

Increased groundwater demand of approxi-
mately 190 and 210 gallons per minute (0.012
and 0.014 cubic meter per second) from
Crouch Branch and McQueen Branch aquifers
to provide auxiliary equipment cooling water
in L- and K-Area respectively.

Loss of waterfow] habitat in Par Pond as the
water level is allowed to fluctuate.

Continued loss of primary and secondary pro-
ductivity in L-Lake due to the elimination of
Savannah River water inputs.

Aquatic communities in Par Pond and Lower
Three Runs will be reduced in number, di-
versity, and productivity.

Entrainment losses of an 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
Steel Creek corridor and delta, and continued
loss of riparian habitat in Lower Three Runs
due to the prior reduction of flows to 10 cu-
bic feet (0.28 meter) per second.

Reduction of littoral zone wetlands around Par
Pond of up to 200 acres.

Additional demand at K- and L-Areas of up to
200 gallons per minute (0.013 cubic meter
per second) to support fire protection at each
reactor.

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.

The same resources committed in the No Ac-
tion Alternative for Par Pond would apply.

As L-Lake recedes, there will be a loss of up
to a 1000 acres of laucustrine habitat.

Aquatic communities in L-Lake, Steel Creek,
Lower Three Runs, and Par Pond will be re-
duced in number, diversity, and productivity.

The same resources committed in the No Ac-
tion Alternative would apply.

The same resources committed in the No Ac-
tion Alternative would apply.

a  The same resources 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.
Department of Energy (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 status of compli-
ance with these requirements, emphasizing is-
sues of greatest potential concem 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
actions would 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

of an alternative during the planning and deci- ITE
sionmaking stages.

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 the DOE regulations at 10
CFR 1021). An agency must prepare an EIS if
it proposes a major action that could signifi-
cantly affect the environment.

S.1.2 STATUS

The analyses in this EIS that address the envi-
ronmental impacts of alternative actions comply
with applicable NEPA requirements.

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 (61 me-
ters) above sea level, plus or minus 1 foot (0.3
meter)].

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.

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 project was categorically
excluded under NEPA and forms the basis for
the No-Action Alternative.

TC

5.2 Atomic Energy Act

5.2.1 REQUIREMENTS

The Atomic Energy Act of 1954 (42 USC 201 ez
seq.) makes the Federal government responsible
for regulatory control of the production, pos-
session, and use of three types of radioactive
material: source material, special nuclear 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.

at 1343)], and other statutes give the U.S. Envi-
ronmental Protection Agency (EPA) responsi-
bility and authority for developing generally
applicable standards for the protection of the
environment from releases of radioactive mate-
rials. EPA has promulgated several regulations
under this authority.

5.2.2 STATUS

Actions proposed in this EIS that involve the
management of radioactive materials would
comply with Atomic Energy Act requirements
set forth in DOE Orders and other applicable
regulations.

5.3 Resource Conservation and Recovery Act

5.3.1 REQUIREMENTS

The Resource Conservation and Recovery Act
(RCRA) regulates the treatment, storage, and
disposal of hazardous and solid waste. RCRA
and Executive Order 12088, “Federal Compli-
ance with Pollution Control Standards,” require
Federal facilities to comply with RCRA re-
quirements. A state that wants to administer
and enforce a hazardous waste program under
RCRA can apply to EPA for authorization. The
South Carolina Department of Health and Envi-
ronmental Control (SCDHEC) has received
authorization to implement a hazardous waste
program in the State of South Carolina. The
EPA and SCDHEC regulations implementing
RCRA (40 CFR 260-280; R.61-79.260-280) de-
fine hazardous wastes and establish require-
ments for the transportation, treatment, storage,
and disposal of such wastes.

SCDHEC and EPA Region IV issued the origi-
nal Savannah River Site (SRS) RCRA Part B

permit in 1987 and renewed it in 1995. The
permit includes requirements for the remediz-
tion of releases from solid waste management
units. The SRS Federal Facility Agreement
(FFA; EPA 1993a) establishes an integrated ap-
proach to address both Comprehensive Envi-
ronmental Response, Compensation and
Liability Act (CERCLA) remedial action re-
quirements and corrective action for releases
from solid waste management units under
RCRA. Section 5.5 discusses remedial activi
ties under the FFA.

5.3.2 STATUS

The actions considered in this EIS would com-
ply with the hazardous waste management ré-
quirements imposed by RCRA. Section 5_.5
discusses compliance with RCRA corrective
action requirements.

5.4 Comprehensive Environmental Response,
Compensation, and Liability Act

5.4.1 REQUIREMENTS

EPA administers CERCLA (42 USC 9601 et
seq.), also called Superfund, which provides a
statutory framework for responding to releases
or threats of releases of hazardous substances
and for cleaning up waste sites that contain haz-
ardous substances (i.e., remedial response).
FERCLA and Executive Order 125 80,
“‘Superfund Implementation,” require Federal

facilities to comply with the Act. DOE s thzr
CERCLA lead response agency for releases
threats of releases at the SRS.

Section 107(f) of CERCLA and Executive
Order 12580 require Federal officials t0 acton
behalf of the public as trustees for natural re-
sources. Because DOE is the SRS land ma™
ager, it is also the primary Federal truste¢. f
Natural Resource Trustees are responsible 1

/
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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 or possible release of a haz-
ardous substance (43 CFR 11).

In accordance with Section 120 of CERCLA,
DOE has entered into an interagency agreement
with EPA and SCDHEC (EPA 1993a). The
Federal Facility Agreement for the Savannah

ITC

River Site directs the comprehensive remedia-
tion of the SRS in accordance with CERCLA
and RCRA, and thus integrates the CERCLA re-
sponse action process and the corrective meas-
ures provisions of RCRA Sections 3004(u) and
3004(v). The FFA also provides specific direc-
tion for the implementation of the CERCLA
natural resource damage assessment provisions
at the SRS (see Section 5.5).

5.4.2 STATUS
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

The FFA, which became effective 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
of hazardous wastes 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 paragraphs describe the overall response
action process in the FFA.

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 of the FFA, are preliminary analyses of po-
tential and known releases to determine the need
for further investigation under the provisions for
a RCRA Facility Investigation/Remedial Inves-
tigation (RFI/RI), removal action, or no further
action. Removal actions 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-

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 remedial action process is conducted for
units listed in Appendix C, RCRA/CERCLA
Units, of the FFA. DOE has designated some of
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 streams and tributaries
defined as IOUs were moved from Appendix G
of the FFA to Appendix C, making them subject
to the development of an RFI/RI work plan
rather than the site evaluation process.

The remedial action process for the units listed
in Appendix C includes the development of an
RFI/RI Work Plan that describes the investiga-
tion strategy for the collection of data to assess
the nature and extent of the release based on the
Conceptual Site Release Model. RFI/RI studies
are conducted in accordance with the work plan
to determine the nature and extent of contami-
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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 corrective measures study/feasibility
study (CMS/FS) report presents the results of
this analysis. Next, a Statement of Ba-
sis/Proposed Plan is prepared and made avail-
able for public review of the preferred
alternative. The RCRA permit modification and
Record of Decision (ROD) provide the final
documentation of the selection of the remedial
alternative and the response to public input.

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 actions makes it appropriate to
proceed with the remedy selection process.

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.

Section XLV of the FFA affirms DOE respon-
sibilities as Natural Resource Trustee at the
SRS. As a trustee, DOE follows established
procedures to assess damages to natural re-
sources (43 CFR 11). Further, in accordance
with CERCLA, DOE must devise and imple-
ment a plan to restore, replace, or acquire the
equivalent of such resources.

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

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 alteme-
tives, DOE would shut down the system and
would pump no water to L-Lake, resulting it 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.

Table 5-1. River Water System components subject to remedial action under the Federal Facility

Agreement.
/
Unit Status
. . /
Par Pond (including the precooler ponds and canals) RCRA/CERCLA unit?
L-Lake. Site Evaluation aread
Fourmile Branch IOU€ (including unnamed tributary south of C-Area) RCRA/CERCLA unit
Lower Three Runs IOU RCRA/CERCLA unit
Pen Branch 10U (including Indian Grave Branch) RCRA/CERCLA unit
Steel Creek IOU RCRA/CERCLA unit
: gﬁ:ggﬁiﬁi: gt::r? li;t;c'l u;‘ Appendix C of the Federal Facility Agreement.
: " ¢ listed in Appendix G of the Fed ili
¢. 10U = Integrator Operable Unit eral Facility Agreement.
_/
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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

5.5.2.2 SRS Streams

DOE would conduct the remedial action process
for the SRS streams listed as IOUs in 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.

ITE

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, 1991 DOE notified EPA Region IV that
possible dam failure at Par Pond could be an
imminent and substantial endangerment to pub-
lic health, 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 event of a
catastrophic dam failure. The dam repair was
approved under a CERCLA 106 Abatement Ac-
tion Letter (WSRC 1995¢). By July 1, 1994 the
repairs were complete and the Par Pond Dam
was structurally sound to restore the reservoir to
predrawdown water levels.

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
assessment of environmental risks based on ex-
isting information (DOE 1993¢). 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).

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. The model indicated that the water level
would not be likely to fall below 196.2 feet
(59.8 meters); therefore, 195 feet (59.4 meters)
became the lower limit for bounding the as-
sessment of the potential environmental impacts
of the natural fluctuation of the water level. The
final EA 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 of Par Pond and the
interim action continue through the implemen-
tation of the Remedial Investigation/Feasibility
Study process, which is required in accordance
with the terms of 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 Natural Resource Damages

NEPA requires Federal agencies to consider the
environmental impacts of an action during the
planning and decisionmaking stages of a proj-

ect. The RCRA/CERCLA process that DOE has
implemented at the SRS specifically requires an

ecological assessment during the baseline 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.

In addition to the NEPA requirement to identify
any irreversible and irretrievable commitment
of resources, DOE intends to identify such re-

sources within the meaning of CERCLA
[Section 107(f)(1)]. Timely considerations of
Natural Resource Damage Assessment issues
during the NEPA process can be important be-
cause Section 107 of CERCLA excludes liabil-
ity for damages that result from a discharge or
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
environmental analysis.”

The analyses in this EIS address the environ-
mental impacts of alternative actions in accor-
dance with CERCLA and NEPA. Section48
identifies the irreversible and irretrievable
commitments of resources that would occur un-
der implementation of the Proposed Action.

5.6 Emergency Planning and Community Right-to-Know Act

5.6.1 REQUIREMENTS

The Emergency Planning and Community
Right-to-Know Act of 1986 (42 USC 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 that occur 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 of hazardous substances.

Executive Order 12856, “Federal Compliance

with Right-to-Know Laws and Pollution Pm-'
vention Requirements,” requires Federal facil-
ties to comply with the Act.

5.62 STATUS

Each year, DOE submits hazardous chemical
inventory and toxic release inventory rePonsto
SCDHEC and to local emergency planning
committees in Aiken, Allendale, and Barnwell
Counties. The alternatives in this EIS_would not
result in changes to chemical inventories ort
use of toxic chemicals; therefore, DOE antic
pates no changes in the hazardous chemical -
ventory and toxic release inventory reports.

5.7 Clean Water Act

5.7.1 REQUIREMENTS

The objectives of the Clean Water Act are to

restore and maintain the chemical, physical, and

bio}ogical integrity of the nation’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 Federal government to comply
with Federal, state, interstate, and localre-
quirements. In addition to setting Water qualty
standards for the nation’s waterways, the A,Ct
establishes guidelines and limitations for dis
charges from point sources, and a permitting
program for these sources known as the

5-6
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National Pollutant Discharge Elimination Sys-
tem (NPDES; 40 CFR 122 et segq.).

EPA has overall responsibility for enforcing the
Clean Water Act but has delegated to SCDHEC
primary enforcement authority for waters in
South Carolina. Under the South Carolina Pol-
lution Control Act, SCDHEC operates a permit-
ting program (R.61-9, “The National 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.

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 flows necessary to protect
classified and existing uses and water quality
supporting these uses shall be maintained con-
sistent with riparian rights to reasonable use of
water.”

Lower Three Runs Creek is a State-designated

navigable water below Par Pond Dam. The U.S. |1

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
must receive certification from SCDHEC that
applicable State water quality standards will not
be violated.

DOE has sought the assistance of the Federal
Energy Regulatory Commission (FERC) in the

implementation of the Federal Guidelines for
Dam Safety. FERC performs inspections 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 permit Num-
ber SC0000175 (SCDHEC 1996¢), which ad-
dresses the outfalls associated with the River
Water System (Table 5-2).

Table 5-2. National Pollutant Discharge Elimi-
nation System Permit Number SC0000175
outfalls.

Reactor  Outfall Receiving water body

C-Reactor C4  Fourmile Branch

K-Reactor K-18 Indian Grave Branch of Pen
Branch

L-Reactor L-07 L-Lake

P-Reactor P-19 Par Pond

These outfalls accept discharges, if any, from
the River 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 sections present pertinent infor-
mation on the compliance status of the alterna-
tives considered in this EIS.

5.7.2.1 No Action

Small sanitary wastewater treatment plants in
K- and P-Areas discharge through NPDES out-
falls to the headwaters 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 if DOE selected the No-
Action Alternative (the small pump would
continue to supply river water to L-Area, but the

5-7
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pumping of river water to K- and P-Areas would
stop).

5.7.2.2 Shut Down and Deactivate

Navigable Waters Requirements

DOE has consulted with the USACE on the pro-
posed shutdown of the River Water System and
potential impacts from the drawdown of L-
Lake. USACE solicited comments on the DOE
proposal from relevant State and Federal per-
mitting and natural resource agencies, and re-
ceived none. Therefore, USACE concluded that
no restoration or other remedial action in rela-
tion to L-Lake would be necessary (Veal 1996).

DOE also consulted with the FERC on re-
quirements related to the L-Lake Dam as a re-
sult of the proposed shutdown of the River
Water System. FERC indicated that DOE must
continue to maintain the dam after the draw-
down in the same manner as if the lake was still
in place; therefore, this alternative includes
these activities. Ongoing maintenance activities
would include ensuring that the dam gates do
not become obstructed with debris in a way that
could cause refill of the reservoir (Jones 1996b).

NPDES Permit Requirements

A small sanitary wastewater treatment plant in
L-Area discharges through an NPDES outfall to

113-04

L-Lake. Preliminary calculations indicate that
the effluent from the L-Area sanitary wastewa-
ter treatment plant would not be able to meet the
SCDHEC standards for water quality without
blending from other area effluents such as river
water flows. DOE has prepared a study that
presents three options (using septic tanks and
tile fields, using spray fields, and tying into the
existing central system) and an approximate
cost for treating the L-Area sanitary wastewater
(Huffines 1996b). If DOE selected a shutdown
alternative, it would evaluate in detail the cost
impacts of alternative methods to address
compliance for the L-Area sanitary wastewater
treatment effluent (see Section 4.1.2.2.2).

DOE would obtain any required permits (¢.2,
for septic tank installation) to implement th§
selected method for treating the L-Area sanitary
wastewater.

5.7.2.3 Shut Down and Maintain

2 e —

Compliance status and issues under this alt'erna-
tive would be the same as those described in
Section 5.7.2.2, assuming the layup sche}ne s
lected does not include continued operation of
the small pump.

5.8 Safe Drinking Water Act

58.1 REQUIREMENTS

The Safe Drinking Water Act protects the qual-
ity of public water supplies and other sources of
drinking water. It establishes drinking water
quality standards that must be met. The Act and
Executive Order 12088 direct Federal facilities
to comply with the Safe Drinking Water Act.
EPA has promulgated regulations implementing
the Safe Drinking Water Act (40 CFR 100-149),

gnd has delegated primary enforcement author-
1ty to SCDHEC for public water systems in

South Carolina. Under the authority of the

South Carolina Safe Drinking Water Act,
SCDHEC has established a drinking water

regulatory program.

The regulations specify that the average af‘"“al
concentration of manmade radionuclides b
drinking water delivered to the user shall ﬂ?l‘
produce a dose equivalent greater.ﬂlm_“‘m‘ -
lirem per year of beta-gamma radioactivity-
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5.8.2 STATUS

DOE does not expect impacts from radiological
releases to downstream water users or SRS

drinking water systems under 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

The Clean Air Act establishes a national pro-
gram to protect air quality and regulates sources
of air pollution. Requirements include permits,
emissions and 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 the productive capacity of its population.”
Section 118 of the Act and Executive Order
12088 require each Federal agency with juris-
diction over property or facility that might result
in the discharge of air pollutants to comply with
“all federal, state, interstate, and local require-
ments” with regard to the control and abatement
of air pollution.

The Act requires EPA to:

e Establish National Ambient Air 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 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).

EPA has overall authority for the Clean Air Act,
but it can delegate primary authority to the

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 control program.

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 Clean Air Act, as amended in 1990, re-
quires Federal actions to conform to any State
implementation plan approved or promulgated
under Section 110 of the Act. The Final Rule
(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.

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).




TC

DOE/EIS-0268

The SRS operates within the EPA limits for the
regulation of airborne radionuclides
(40 CFR 61). Airborne releases 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

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
(National Marine 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 National Marine 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-
tion 7(h).

The Migratory Bird Treaty Act, as amended, is
intended to protect birds that have common mi-
gration patterns between the United States and
Canada, Mexico, Japan, and Russia. It regulates
the harvest of migratory birds by specifying
things such as the mode of harvest, hunting sea-
sons, and bag limits. The Act stipulates that it is
unlawful at any time, by any means, or in any

manner to “kill...any migratory 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).

Several other statutes (Fish and Wildlife Coor-
dination Act, Anadromous Fish Conservation

1c| Act, Bald Eagle Protection Act, and SOllﬂ'l
Carolina Nongame and Endangered Species
Conservation Act) require Federal and state.
agencies to consider the impacts of their actions
on biological resources.

5.10.2 STATUS

DOE directed the preparation of 2 biological s
sessment (LeMaster 1996) to evaluate the ef-.
fects of the proposed actions related to the River
Water System on several Federally prqtected .
species (bald eagle, wood stork, American alli
gator, and the shortnose sturgeon). DOE has

1c| initiated formal consultation with the Fish ad
Wildlife Service and National Marine Fishenes
Service concerning the impacts of the Proposed
Action.

5.11 Executive Orders 11990 and 11988

5.11.1 REQUIREMENTS

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

undertaken. Agencies are to avoid impacts ©0
floodplains to the extent practicable. DOE s
regulations (10 CFR 1022) establish procedur®
for compliance with these Executive Orders.
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5.11.2 STATUS

Sections 4.1.5, 4.2.5, and 4.3.5 contain the
floodplain/wetland assessment required 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” of wetlands. DOE
would implement the necessary mitigation
measures to achieve this goal under the alterna-
tives considered in this EIS.

5.12 Executive Order 12898

5.12.1 REQUIREMENTS

Executive Order 12898, “Federal Actions 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

effects of its programs, policies, or activities on
minority populations and low-income popula-
tions.”

5.12.2 STATUS

This EIS incorporates environmental justice in
its analyses of the alternatives.

5.13 Cultural Resource Statutes

5.13.1 REQUIREMENTS

Cultural resources on the SRS are subject to the
American Indian Religious Freedom Act
(AIRFA) of 1978 (42 USC 1996), the Native
American Graves Protection and Repatriation
Act (25 USC 3001), and the National Historic
Preservation Act (16 USC 470 et seq.). AIRFA
reaffirms Native American religious freedom
under the First Amendment and protects and
preserves the right of 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 Acts require DOE to notify affected tribes
of the discovery of sites or items of religious

importance or human remains and other objects
belonging to Native Americans. DOE has
committed to provide copies of environmental
impact documents related to its activities in the
Central Savannah River Valley to the Yuchi
Tribal Organization, Inc., the National Council
of the Muskogee Creek, and the Indian People’s
Muskogee Tribal Town Confederacy.

The National Historic Preservation Act, as
amended, enables the placement of sites with
significant historic value on the National Regis-
ter of Historic Places. The Act requires no
permits or certifications. However, if a Federal
activity could impact a historic property, consul-
tation with the Advisory Council on Historic
Preservation must take place and will usually
lead to a Memorandum of Agreement with
stipulations that the agency must 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

A February 1981 archeological and historic sur-
vey of the Steel Creek terrace and floodplain
system revealed five sites that were nominated
to the National Register of Historic 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,

and initiated reconsultation with the State His-
toric Preservation Officer on the mitigation of
new sites of historic significance that L-Lake
might inundate or that additional surveys of the
lake might discover (DOE 1984).

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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