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DOEEIS-0268

COVERSHEET

RESPONSIBLE AGENCY: U,S, Department of Energy (DOE)

TITLE: Final Environmental Impact Statement, Shutdown of the River Water System atthe Savmnti
River Site, Aiken, South Carolina (DOE/EIS.0268).

CONTACT: Foradditional infomation onthisstatement, write or call:

Andrew R. Grainger
Engineering and Analysis Division
SR NEPA Compliance Officer
U.S. Department of Energy
Savannah River Operations OffIce
P. O. Box 5031, Code DRW
Aiken, South Carolina 29804.503 I Telephone: (800) 242-8269
Attention: RWEIS email: nepa@barms036.b-r. com

For general infomration on the DOE National Environmental Policy Act process, write or call:

Ms. Carol M. Bergstrom, Director
Office of NEPA Policy and Assistance (EH-42)
U.S. Department of Energy
1000 Independence Avenue, SW.
Washington, D.C. 20585
Telephone: (202) 586-4600, or leave a’message at (800) 472-2756

ABSTRACT: The purpose of the DOE action evaluated in this environmental impact statement (EIS) is
to shut down the Savannah R]ver 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
Smannah River Strategic Plan, DOE committed to identifying and disposing of excess infrasticture.
The River Water System has been identified as potential SUWIUSinfrastructure. As its Proposed Action
and Preferred Alternative, DOE proposes to shut dow 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 quali~, 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 Prefemed Alternative, described above, and tbe No-Action Alternative, which consists
of continuing to operate the River Water System, this EIS examines an alternative to shut dovin and
deactivate the River Water System.

PUBLIC COMMENTS: In preparing this Final EIS, DOE considered comments received by letter and
voice mail, and statements given at two public scoping meetings in North Augusta, South Carolina on ,C
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 (DOES) primary mission at
SRS was to produce and process nuclear mate-
rials to support national defense programs. The
SRS produced nuclear materials that supponed
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; arrd 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 ~perating
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 SUWIUSfacili~. Three
alternatives to reduce the R]ver 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 Prefemed Alternative) to shut dow and

TC

maintain the R]ver Water System in a standby
condition until DOE determines that a standby
condition is no longer necessary, and one alter-
native to shut dom and deactivate the River
Water System.

Assumptions and analyses in this EIS are con-
sistent with those that are in the Con/inued Op-
eration of K-, L-, and P-Reactors EIS,
DOEIEIS-O147( 1990~ L-Reactor Operation
EIS, DOE/EIS-0108 (1984); Environmental As-
sessment for the Natural Fluctuation of Water-
Level in Par Pond and Reduced Water FIOWin
Steel Creek Below L-Lake at the Savannah River
Site, DOEmA- 1070 (1995); and Savarrrrah River
Site Waste Management EIS, DOE/EIS-0217
(1995).

DOE welcomes dialog with conservation and
wildlife foundations. In a climate of decreasing
funding, DOE must determine if it should con-
tinue to operate the River Water System. DOE
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
dom.

DOE published a Notice of Intent to prepare this
EIS in the Federal Register on June 12, 1996
(61 FR 29744). The notice announced a public
scoping period that ended on July 12, 1996, and
solicited comments and suggestions on the
scope of tie EIS. DOE held scoping meetings
during this period in North Augusta, South
Carolina, on June 27, 1996. During the scoping
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 oftbis EIS. DOE issued the action
plan in August 1996.

LS-11



DOE/EIS-0268

The action plan and reference materials cited in
Tc this EIS are available for review in the DOE

Public Reading Room, located at the University
of South Carolina-Aiken Campus,
Gregg-Graniteville Libra~, 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

Tc 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 Environmental Policy
Act (NEPA), Council on Environmental Quality
regulations (40 CFR 1500-1508), and DOE
NEPA Implementing Procedures (1OCFR
1021). This EIS identifies the methods used in
the analyses and the sources of information. In
addition, it incorporates, directly or by refer-
ence, information from other ongoing stodies.

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 altern-
atives. 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
TC

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 contmrri-
nants.

Appendix C provides supplemental data for
occupational and public health impacts.

Appendix D describes ecological resources,
including flora and fauna.

Appendix E contains copies of letters from

TC the public comment period and DOE re-
sponses to those comments.

Appendix F describes L-Lake sediment data
TC and the data sources.

vi

1
I
I
I
1
I
I
I
B
I
I
I
I
I
I
1
1
[
t



1

I
:
I
1
1’
I
1
1
I
1
I
I
1
1
I
I
1

DOE/EIS-0268

3.1

3.2

3.3

3.4

No-Action Alternative ............................................................................................

3.1.1 L-Lake .......................................................................................................

3.1.2 SRS Streams ..............................................................................................

3.1.3 Par Pond .....................................................................................................

Shut Dow and Deactivate the River Water System ..............................................

3.2.1 L-Lake .......................................................................................................

3.2.2 SRS Streams ..............................................................................................

3.2.3 PwPond .....................................................................................................

Proposed Action - Shut Dow and Maintain the River Water System .

3.3.1 Potential Decisions To Restart The River Water System ..........................

3.3.1.1 Pump to Pa Pond ......................................................................

3.3.1.2 Refill L.L&e .............................................................................

3.3.1.3 Support New Missions ..............................................................

3.3.2 Layup Options ...........................................................................................

3.3.2.1 Restart in 1 Monfi .....................................................................

3.3.2.2 Restart in 6 Months ...................................................................

3.3.2.3 Restart in 12 Montis .................................................................

3.3.2.4 Restart in 30 Montis .................................................................

3.3.2.5 Additional Costs to Support Use of the River Water
System for Accelerator Production of Tritium .......... ......... ...

3.3.3 Additional Costs for the Shutdown and Maintain Alternative ..................

Comparison of Environmental Impacts .................................................................

~

v

s-l

1-1

1-1

1-6

1-6

1-6

2-1

3-1

3-2

3-3

3-3

3-3

3-4

3-4

3-5

3-5

3-5

3-6

3-6

3-7

3-7

3-8

3-9

?-9

3-1o

3-1o

3-11

3-12

3-12



TABLE OF CONTENTS (continued)

-

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 .......................................

4.1.2 Surface Water ............................................................................................

4.1.2.1 Affected Environment ...............................................................

4.1.2.2 Environmental Impacts .............................................................

“ 4.1.2 .2.1 No Action .... . .... .... . .............. .... . .. . .... .. . .. .

4.1.2 .2.2 Shut Down And Deactivate, ..................................

4.1.2 .2.3 Shut Down and Mairrtain .......................................

4.1.3 Groundwater ..............................................................................................

4.1.3.1 Affected Environment ...............................................................

4.1,3,2 Environmental Impacts ..... ....... .. ........ ..... ... .... .... ........

4.1.3 .2.1 No Action . ..... ... ... ................ .. . . . .... ....... .

4,1,3 .2.2 Shut Down and Deactivate .... . ... . ... .. .. .

4.1,3 .2.3 Shut Dow and Mairrtain .......................................

4.1.4 Air Resources ............................................................................................

4,1.4.1

4.1.4.2

Affected Environment ...............................................................

4.1.4 .1.1 Climate and Meteorology ......................................

4.1.4 .1.2 Existing Radiological Conditions.,,,., ....................

4.1.4.1.3 Nonradiological Ambient Air Concentrations ..

Environmental Impacts .. . ... .... ........... ..... .. .. ............ ... .

~

4- I

4-2

4-4

4-4

4-16

4-17

4-17

4-17

4-17

4-17

4-21

4-21

4-21

4-24

4-24

4-24

4-31

4-31

4-3 I

4-31

4-31

4-31

4-31

4-35

4-36

4-36

4-36

4-36

4-38

4-38

4-38

4-39

4-42

4-47

V,l,

I
I
I
I
1
I
I
I
I
I
1
I
1
I
I
I
I
I
I



I
I
8
1
B
1
I
8
I
1
1
I
I
1
1
1
I
I
I

DOE/EIS-0268

TABLE OF CONTENTS (continued)

4.1.5.2 Environmental Impacts .............................................................

4,1,5,2,1 No Action ..............................................................

4.1.5.2.2 Shut Down and Deactivate ....................................

4.1.5.2.3 Shut Down and Maintain,.., ..................................

4.1.6 Land Use ....................................................................................................

4.1.6.1 Affected Environment ...............................................................

4.1.6.2 Land Use Impacts ......................................................................

4.1.6 .2.1 No Action .... ...................... ........................... ... .

4.1.6.2.2 Shut Down and Deactivate ....................................

4.1.6 .2.3 Shut Down and Maintain .......................................

4.1.7 Aesthetics ...................................................................................................

4.1,7.1 Affected Environment ...............................................................

4,1.7.2 Aesthetic Impacts ......................................................................

4.1.7 .2.1 No Action ..............................................................

4.1.7 .2.2 Shut Down and Deactivate ....................................

4,1.7 .2.3 Shut Down and Maintain .......................................

4.1.8 Occupational and Public Healtb ................................................................

4.1.8.1 Affected Environment ...............................................................

4.1.8 .1.1 Public Health .........................................................

4.1.8 .1.2 Occupational Healti ..............................................

4.1.8.2 Environmental Impacts .............................................................

4.1.8.2,1 No Action ..............................................................

4.1.8.2,2 Shut DOW and Deactivate ... ..................... .........

4.1.8 .2.3 Shut Down md Maintain .......................................

4.2 SRS Stieams ...........................................................................................................

4.2.1 Geology md Soils ......................................................................................

4.2.1.1 Affected Environment ...............................................................

4.2.1.2 Environmental Impacts .............................................................

4.2,1 ,2.1 No Action ..............................................................

4.2.1 .2.2 Shut Down and Deactivate ....................................

4.2.1 .2.3 Shut Down and Maintain .......................................

4-5 I

4-51

4-52

4-56

4-56

4-56

4-58

4-58

4-58

4-58

4-59

4-59

4-59

4-59

4-59

4-66

4-66

4-66

4-66

4-71

4-75

4-76

4-83

4-88

4-89

4-89

4-89

4-91

4-91

4-91

4-91



DOE/EIS-0268

TABLE OF CONTENTS (continued)

a &

4.2.2 Surface Water ............................................................................................ 4-91

4.2.2.1

4.2.2.2

Affected Environment ............................................................... 4-91

Environmental Impacts ............................................................. 4-106

4,2,2 .2.1 No Action ..............................................................

4.2.2 ,2.2 Shut Down and Deactivate ....................................

4.2.2 .2.3 Shut Down and Maintain .......................................

4.2.3 Groundwater ..............................................................................................

4.2,3.1 Affected Environment ...............................................................

4.2.3.2 Environmental Impacts .............................................................

4.2.3 .2.1 No Action ..............................................................

4.2.3 .2.2 Shut Down and Deactivate ....................................

4.2.3 .2.3 Shut Down and Maintain ......................................

4.2.4 Air Resources ............................................................................................

4.2.4.1

4.2,4.2

4.2.5 Ecology,

4.2.5.1

4.2.5.2

Affected Environment ...............................................................

Environmenml Impacts .............................................................

4.2.4 .2.1 No Action ..............................................................

4.2.4 .2.2 Shut Down and Deactivate ....................................

4.2.4 .2.3 Shut Down and Maintain .......................................

4-106

4-106

4-107

4-107

4-107

4-107

4-107

4-107

4-107

4-107

4-107

4-108

4-108

4-108

4-108

4-108

4-108

4-108

4-108

4-111

4-115

4,2.5 .2.1 No Action .............................................................. 4-115

4.2.5 .2.2 Shutdown and Deactivate ...................................... 4-119

4.2.5.2.3 Shutdown and Maintain.,..., ................................... 4-119

4.2.6 Land Use .................................................................................................... 4-119

4.2.6.1 Affected Environment ............................................................... 4-] 19

4.2.6.2 Land Use Impacts ...................................................................... 4-119

4,2.6 .2.1 No Action .............................................................. 4-119

4.2.6.2.2 Shut Down and Deactivate .................................... 4-119

4.2.6 ,2.3 Shut Dow and Maintain ....................................... 4.119

x

I
I
1
1
I
1
1
I
1
I
t
1
I
I
I
I
s
I
I



I
DOE/EIS-0268

m

M

I
I
1
:
I
I
I
I
1
I
I
I
I
I
I
I

TABLE OF CONTENTS (continued)

4.2.7 Aesthetics ...................................................................................................

4.2.7.1 Affected Environment ...............................................................

4.2.7.2 Aesthetic Impacts ......................................................................

4.2,7.2.1 No Action . . . .. .. ........... .... ..... .. ......... .. ........

4.2.7 .2.2 Shut Dow and Deactivate ....................................

4.2.7 .2.3 Shut Dom and Maintain .......................................

4.2.8 Occupational and Public Healfi ................................................................

4.2.8.1 Affected Environment ...............................................................

4.2.8.1.1 Public Health ...... ........... .. . ... ... ..... ............

4.2.8.1.2 Radioactive Releases of Cesium- 137 to
Onsite Stieas .......................................................

4.2.8.1.3 Radiation Levels in Steel Creek ............................

4.2.8.2 Environmental Impacts .............................................................

4.2.8.2.1 No Action ..............................................................

4.2.8 .2.2 Shut Down and Deactivate . . . ..........................

4,2,8.2.3 Shut Down and Maintain .......................................

4.3 Pm Pond .................................................................................................................

4.3.1 Geology and Soils ......................................................................................

4.3.1.1 Affected Environment ...............................................................

4.3.1 .1.1 Stratigraphy . .... . ............... .. ....... ...................

4.3.1 .1.2 Soils .. ... . .... ... ................. ....... ... ....................

4.3.1.2 Environmental Impacts .............................................................

4.3.1 .2.1 No Action ..............................................................

4.3.1 .2.2 Shut Down and Deactivate ....................................

4.3.1 .2.3 Shut Down and Maintain .......................................

4.3.2 Surface Water ............................................................................................

4.3.2.1 Affected Environment ...............................................................

4.3.2.1.1 Water Quality .. . .... . ..... . .. .... ......... .. .. .. . .

4.3.2 .1.2 Water Quantities ....................................................

4.3.2 .1,3 Water Usage ..........................................................

4.3.2.2 Environmental Impacts .............................................................

4.3.2 .2.1 No Action ..............................................................

4.3.2 .2.2 Shut Down and Deactivate ....................................

4.3.2.2.3 Shut Down and Maintain.,,..., ................................

&

4-120

4-120

4-120

4-120

4-120

4-120

4-120

4-120

4-120

4-124

4-124

4-124

4-125

4-125

4-127

4-128

4-130

4-130

4-130

4-131

4-131

4-131

4-131

4-131

4-131

4-131

4-131

4-133

4-133

4-134

4-134

4-135

4-135

x1



DOEiEIS-0268

TABLE OF CONTENTS (continued)

m &

4.3.3 Groundwater ............................................... ............................................... 4-135

4.3.3.1 Affected Environment ............................................................... 4-135

4.3.3,2 Environmental Impacts .............. ............................................... 4-135

4.3.3 .2.1 No Action .............................................................. 4-135

4.3.3 .2.2 Shut Down and Deactivate .................................... 4-135

4.3.3.2.3 Shut Down and Maintain ....................................... 4-136
4.3.4 Air Resources ............................................................................................ 4-136

4.3.4.1 Affected Environment ............................................................... 4.136

4.3.4.2 Environmental Impacts ............................................................. 4-136

4,3.4 .2.1 No Action .............................................................. 4.136

4.3.4 .2.2 Shut Down and Deactivate .................... . ... .... ... 4-137

4.3.4 .2.3 Shut Down and Maintain ....................................... 4-137

4.3.4.3 Combined Impacts of L-Lake, SRS Streams, and Par Pond ..... 4-137

4.3.4 .3.1 NO Action .............................................................. 4-137
4.3,4.3.2 Shut Down and Deactivate .................................... 4-137

4.3,4 .3.3 Shut Down and Maintain ....................................... 4-138

4,3,5 Ecology ...................................................................................................... 4-138

4.3,5.1 Affected Environment ............................................................... 4.I39

4.3.5 .1.1 Terrestrial Ecolo~ ................................................ 4-139

4.3.5 .1,2 Aquatic EcoloW .................................................... 4-140

4.3,5 ,1.3 Wetlands Ecolo~ .... .............................................. 4-141

4.3.5.2 Environmental Impacts ............................................................. 4-142

4.3.5 .2.1 No Action .............................................................. 4-142

4.3.5.2.2 Shut Down and Deactivate .................................... 4-I44

4.3,5 ,2.3 Shut Down and Maintain ....................................... 4-144

4.3.5.3 Threatened and Endangered Species ......................................... 4-144

4.3.5 .3,1 Affected Environment ........................................... 4-144

4.3.5.3.2 Environmental Impacts .......................................... 4-150

4.3.6 Land Use .................................................................................................... 4-155

4.3,6.1 Affected Environment ............................................................... 4-155

4.3.6.2 Land Use Impacts ...................................................................... 4-155

4.3.6 .2.1 NO Action .............................................................. 4-I55

4.3,6.2,2 Shut Down and Deactivate .................................... 4-155

4.3.6.2.3 Shut Down and Maintain ....................................... 4-155

xii

I
u
I
I
I
1
I
B
I
1
1
s
I
t
I
I
I
t
I



1
1
a
1
1
I
1
x
1
I
I
1
1
I
I
t
I
1
1

DOE/EIS-0268

TABLE OF CONTENTS (continued)

m @

4.3.7 Aesthetics ................................................................................................... 4-156

4.3.7.1

4.3.7.2

4.3.7 .2.2 Shut Dowrr and Deactivate ....................................

4.3.7.2.3 Shut Down and Maintain .......................................

4.3.8 Occupational and Public Healti ................................................................

4.3.8.1 Affected Environment ...............................................................

4.3.8.2 Environmental Impacts .............................................................

4.3.8 .2.1 No Action ........... ... ............ ................................

4,3,8 .2.2 Shut Down arrd Deactivate .. .......................... ....

4.3,8 .2.3 Shut Down arrd Mairrtain .......................................

4.3.8.3 Combined Impacts . . . . .

4.3.8 .3.1 No Action ............... .......... . ...................... .........

4.3.8 .3.2 Shut Down and Deactivate ....................................

4.3.8 .3.3 Shut Down arrd Maintain .......................................

4.4 Environmen@l Justice ............................................................................................

4,4,1 Affected Environment: Community Characteristics ................................

4.4.2 Environmental Justice Assessment ............... ...... ............................ .......

4.4.2.1 No Action ..................................................................................

4.4.2.2 Shut Down and Deactivate ........................................................

4.4.2.3 Shut Down arrd Maintain .. ........ .. ............................ ..............

4.5 Cumulative Impacts ................................................................................................

4.5.1 Associated Actions ....................................................................................

4,5.2 Air Resources .... .................................... ... ........... .......................... .....

4.5.3 Public and Occupational Health ................................................................

4.6 Unavoidable Adverse Impacts . .... ... ................... ... . .... .. ........ ... .................

4.7 Short-Temr Uses arrd Long-Term Productivity .. ...... ...... ........... ........................

4.8 Irreversible or Irretrievable Commitment of Resources ........................................

5 ENVIRONMENTAL PERMITS ~D~GULA~ONS .................................................

5,1 National Environmental Policy Act .......................................................................

5.1.1 Requirements .............................................................................................

5,1.2 Status .........................................................................................................

4-156

4-160

4-160

4-160

4-160

4-162

4-165

4-165

4-165

4-165

4-169

4-173

4-174

4-174

4-175

4-178

4-178

4-181

4-182

4-183

4-184

4-184

4-184

4-187

4-188

5-1

5-1

5-1

5-1

x111



a

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9

5.10

TABLE OF CONTENTS (continued)

xiv

&

5-1

5-1

5-2

5-2

5-2

5-2

5-2

5-2

5-3

5-3

5-3

5-4

5-4

5-5

5-5

5-6

5-6

5-6

5-6

5-6

5-6

5-7

5-7

5-8

5-8

5-8

5-8

5-9

5-9

5-9

5-9

5-1o

5-10

5-1o



5.12

5.13

TABLE OF CONTENTS (continued)

APPENDIX A –

APPENDIX B –

APPENDIX C –

APPENDIX D –

~PENDIX E -

APPENDIX F –

WESTIGATION AND POTENTIAL REMEDIAL ACTIONS FOR L-LAKE

ECOLOGICAL RISK ASSESSMENT

OCCUPATIONAL AND PUBLIC HEALTH IMPACTS

ECOLOGICAL RESOURCES, FLORA, AND FAUNA

PUBLIC COMMENTS AND DOE RESPONSES DRAFT ENVIRONMENTAL
IMPACT STATEMENT SHUTDOWN OF THE RIVER WATER SYSTEM AT
THE SAVANNAH RIVER SITE

DESCRIPTION OF L-LAKE SEDIMENT DATA AND DATA SOURCES



~

s-1

s-2

1-1

1-2

3-1

3-2

3-3

3-4

3-5

3-6

4-1

4-2

4-3

4-4

4-5

4-6

4-7

4-8

4-9

4-1o

4-11

4-12

4-13

4-14

4-15

4-16

4-17

TABLE OF CONTENTS (continued)

List of Tables

Characteristics of the alternatives ....................................................................................

Comparison of the impacts of the alternatives for the River Water System

Discharges of river water to onsite streams .....................................................................

Water requirements for No-Action and shutdown alternatives .... ... ....... ............. ......

Maintenance and restart costs of iayup options-base case ..............................................

Cumulative costs to lay up, restart and operate the River Water System ............. .........

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

Costs for various remedial options in accordance with the Federal Facility
A~eement ........................................................................................................................

Characterlst,cs of the alternatives ...................................................................................

Comparison of tbe impacts of the alternatives for the River Water System ..... ... ........

Water table aquifer ..........................................................................................................

First confined aquifer .......................................................................................................

Montkly precipitation amounts for the Savannah River Site...,.., ....................................

Average gross alpha and gross beta measured in air, 1990-1995 ...... ..........................

Maximum ground-level concentrations of nonradiological air constituents at
the Savannah River Site bounda~ under the Shut Down and Deactivate Alternative ...

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

Number of amphibian and reptile species collected from Steel Creek and
lower reaches of L-Lake before and after the creation of L-Lake ...................................

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

Wetland community ~es occuming in the Steel Creek corridor ........ ............ ........ .

Aquatic macrophyte coverage of L-Lake, 1996 ..............................................................

Population distribution in 1996 within 50-mile radius of the Savannah River Site

External radiation levels at Savannah River Site facilities ............................................

Maximum measurements ofradionuclides in soil for 1995 . .. .... ... . .................... .. .

Average concentration and invento~ of radionuclides and metals in L-Lake
sediments ..........................................................................................................................

Average surface water concentrations of radionuclides and metals in L-Lake

Savannah River Site annual individual and collective radiation doses, 1988- 1995 ........

Radiological doses associated with the No-Action Alternative and resulting
health effects to the public ...............................................................................................

s-5

S-6

1-5

1-8

3-9

3-11

3-11

3-12

3-13

3-14

4-29

4-29

4-33

4-35

4-37

4-38

4-40

4-45

4-48

4-51

4-69

4-70

4-71

4-72

4-74

4-75

4-80

I
t
1
1
I
II
I
I
1
I
I
I
I
I
I
I
I

xvi



I
s
I
8
8
I
I
I
1
1
1
1
1
I
I
1
I
I
1

DOE/EIS-0268

TABLE OF CONTENTS (continued)

List of Tables

~

4-18

4-19

4-~o

4-21

4-22

4-23

4-24

4-25

4-26

4-27

4-28

4-29

4-30

4-31

4-32

4-33

4-34

4-35

4-36

4-37

4-38

4-39

4-40

4-41

4-42

4-43

Nonradiological hazard index associated with the No-Action Alternative
for members of the public ................................................................................................

Worker radiological doses associated with the No-Action Alternative and
resulting healtieffects .....................................................................................................

Worker nonradiological hazard indexes and cancer risks associated with the
No-Action Alternative .....................................................................................................

Radiological doses associated with the Shut Dow and Deactivate AItemative
arrdresulting health effects to the public .........................................................................

Nonradiological hazard index and cancer risks associated with the Shut Down
and Deactivate Alternative for members of the public ....................................................

Worker radiological doses associated with the Shut Down and Deactivate
Alternative and resulting health effects ...........................................................................

Worker nonradiological hazard indexes and cancer risks associated with the
Shut Down and Deactivate Alternative ............................................................................

Discharges to onsite strems ............................................................................................

Total flows and tritium concentrations in onsite strems ................................................

Pen Branch physical characteristics and general chemis~ ............................................

Fourrnile Branch physical characteristics arrd general chemistry ............................ ......

Water quality data for Steel Creek (Iiovember 1985-December 1991) ................... ......

Flow summary for Steel Creek ........................................................................................

Lower Three Runs field data ............................................................................................

Lower Three Runs physical characteristics and general chemistry .................................

Flow summary for Lower Three Runs (cubic feet per second) .......................................

Reactor-area discharges to Steel Creek ...........................................................................

Steel Creek stream characteristics ...................................................................................

Wetland community types occurring in tie Steel Creek corridor below
L.Lakedm .....................................................................................................................

Wetland community ~es occurring in the Steel Creek delta .......................................

Aquatic macrophyte coverage of the Steel Creek corridor and delta, 1996 ...................

Average water concentrations of radioactivity in the Savannah River and Savannah
River Site streams for 1995.............................................................................................

&

4-81

4-82

4-83

4-85

4-86

4-87

4-88

4-92

4-92

4-93

4-95

4-96

4-98

4-98

4-99

4-101

4-102

4-104

4-104

4-106

4-112

4-112

4-113

4-114

4-115

4-123



DOE/’EIS-O268

TABLE OF CONTENTS (continued)

List of Tables

~

4-44

4-45

4-46

4-47

4-48

4-49

4-50

4-51

4-52

4-53

4-54

4-55

4-56

4-57

4-58

4-59

4-60

4-61

4-62

4-63

4-64

Measurements of radionuclides in the Savannah River and Savannah River Site
stream sediments for 1995 ...............................................................................................

Releases of cesium-137 to onsite streams from reactor operation ..................................

Worker radiological doses associated with the Shut Down and Deactivate
Alternative and resulting health effects ...........................................................................

Worker nonradiological, noncarcinogenic hazard indexes and cancer risk
associated w]th the Shut Down and Deactivate Altematlve ............................................

Water quali~ parameters for Par Pond near the darn (January 1990-December 1991)..

Inflow and outflow terns .................................................................................................

Maximum ground-level corrcentiations of nonradiological air constituents
at the Savannah River Site bound~ under the No-Action Alternative ........ ................

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

Maximum ground-level concentrations of radiological air constituents at the SRS
boundary under tfre Shut Down and Deactivate Alternative . .. . . .. .. ....... . ..............

Threatened and endangered plant and animal species of the Savannah River Site .

MercuW concentrations in largemouth bass ....................................................................

Average concentrations and inventory of radionuclides and metals in Par Pond
sediments ..........................................................................................................................

Radiological doses and resulting impacts associated with tie No-Action
Alternative and resulting healti effects to the public ......................................................

Nonradiological, noncarcinogenic hazard index associated with the
No-Action Alternative for members oftiepublic ...........................................................

Worker radiological doses associated with the No-Action Alternative and
resulting health effects .....................................................................................................

Worker nonradiological hazard indexes associated with the No-Action Alternative

Combined radiological doses and resulting impacts associated with the
No-Action Alternative and resulting health effects to the public .... ............................ ..

Combined nonradiological hazard indexes and cancer risk associated wifi tie
No-Action Alternative for members of the public ...........................................................

Combined worker radiological doses and resulting impacts associated with the
No-Action Alternative .....................................................................................................

Combined worker nonradiological hazard indexes and cancer risks associated with
the No-Action Alternative .................................................. ..............................................

Co,nbined radiological doses associated with the Shut Dow and Deactivate
Alternative and resulting health effects to the public ......................................................

4-123

4-124

4-126

4-127

4-132

4-134

4-136

4-138

4-139

4-144

4-152

4-163

4-163

4-164

4-164

4-165

4-167

4-168

4-169

4-170

4-171

I
t
I
1
1
1
I
I
1
t
8
I
I
I
II
t
I

XVII]



DOE/EIS-0268

TABLE OF CONTENTS (continued)

List of Tables

~

4-65

4-66

4-67

4-68

4-69

4-70

4-71

4-72

4-73

4-74

5-1

5-2

Combined nonradiological hazard index and cancer risks associated with the
Shut DOW and Deactivate Alternative for members of the public .................................

Combined worker radiological doses associated with the Shut Down and
Deactivate Altemativeand resulting health effects .........................................................

Combined worker nonradiological hazard indexes and cancer risks associated
with the Shut Dom mdDeactlvate Altematlve ..............................................................

General racial characteristics of population in the Savarmah River Site region
of interest ....................... .............. ............... ...... .. ................ .. . ...... ..... ........ ..... ....

General poverty characteristics of population in the Savannah River Site region

Annular sector factors for local dose evaluations ............................................................

Estimated per capita amsual dose for identified communities in 80-kilometer region,...

Cumulative maximum Savannah River Site boundary line ground-level
concentrations for PMIOand airtoxics ........ .. ... .... ................... ....... ..... ...................

Estimated maximum annual cumulative radiological doses and resulting health
effects to offsite population and facility workers ............................................................

Irreversibly or irretrievably committed resources .... ........... ...... ....... ............... ..... ...

River Water System components subject to remedial action under the
Federal Facili~Agreement ..............................................................................................

National Pollutant Discharge Elimination System Permit Number SCOOO0175

4-172

4-172

4-173

4-174

4-175

4-180

4-181

4-185

4-186

4-189

5-4

5-7



DOE/EIS-0268

TABLE OF CONTENTS (continued)

List of Figures

h

1-1

I-2

4-1

4-2

4-3

4-4a

4-4b

4-5

4-6

4-7

4-8

4-9

4-10

4-11

4-12

4-13

4-14

4-15

4-16

4-17

4-18

4-19

4-20

4-21

4-22

4-23

4-24

4-25

4-26

4-27

L-Lake and environs ........................................................................................................

General location of Savannah River Site and its relationship to geologic
provinces of southeastern United Stites ..........................................................................

Topographic map L-Lake~ar Pond area .........................................................................

Generalized geologic cross section from Fourrnile Branch to L-Lake

Generalized geologic cross section from L-Lake to Par Pond .........................................

Comparison of Iithostratigraphy and hydrostratigraphy for the Savannah River Site
region ...............................................................................................................................

Soils Horizons - L-Lake, upper Steel Creek, and Pen Branch .........................................

Soils Horizons - lower Steel Creek ..................................................................................

Soils Horizons on west side of Par Pond .........................................................................

Soils Horizons - Lower Three Runs .................................................................................

Hydrogeologic cross.section ............................................................................................

Potentiometric surface of the water table aquifer, L-Lake~ar Pond area ............ ... .

Potentiometric surface of the first confined aquifer (Gordon Aquifer),
April-May 1992 ................................................................................................................

Groundwater contamination at the Savannah River Site .................................................

Wind rose for the Savannah River Site, 1987 through 1991 ...........................................

View of L-Lake/Steel Creek from north side of Road B .................................................

View of L-Lake from boat ramp on west side of L.L&e ................................................

View of L-Lake from road across the dam at south end of lake ......................................

Artist’s rendering of L-Lake/Steel Creek from Road B at partial pool . . .. .... ....... ... ..

Artist’s rendering of receding L-Lake from boat ramp ...................................................

Artist’s rendering ofreceding L-Lake from top of the dam ............................................

Major sources of radiation exposure in the vicinity of the Savannah Rtver Site ..... ... ..

Cesium-137 consewative 1995 isodose contours ............................................................

Public exposure patiways ................................................................................................

Worker exposure pathways ..............................................................................................

Surface water features at the Savannah River Site showing water bodies that have
received reactor effluent .................................................................................................

Flow measurement sarn,>lingstations for Pen Branch .....................................................

Flow measurement arrd water quality sampling stations on Fourmile Branch ... ....... ..

&

1-2

1-3
4-3

4-5

4-6

4-7

4-8

4-1o

4-12

4-13

4-14

4-15

4-25

4-27

4-28

4-30

4-34

4-60

4-61

4-62

4-63

4-64

4-65

4-68

4-73

4-77

4-78

4-90

4-94

4-97

1
I
1
I
1
I
I
I
I
t
1
I
I
I
I
9
I
:
I



w
4-28

4-29

4-30

4-31

4-32

4-33

4-34

4-35

4-36

4-37

4-38

4-39

4-40

4-41

TABLE OF CONTENTS (continued)

List of Figures

Locations of Steel Creek water quality sampling stations as indicated by
station numbers 275.37 O..................................................................................................

Flow measurement and water chemistry sarrrpling stations for Lower Three Runs,...,...

View of Lower Three Runs from just below the darn on Road B .. .................... ........ ..

View of Steel Creek from below the darn at L.L&e .......................................................

Par Pond arrd environs showing full pool contour of 200 feet above mearr sea
level arrd the 195 foot contour .........................................................................................

View of Par Pond Iookingnortb ......................................................................................

View of Par Porrd at full pool ..........................................................................................

View of Par Pond at reduced water level .........................................................................

Exposed sediment areas in Par Pond at the 58.8 meter level and
the P- arrd R-Reactor water distribution system .................... ..... ...................................

Atmospheric release locations .........................................................................................

Distribution of people of color by census tract in tie Savannah River Site
region Ofmalysis .............................................................................................................

Distribution of low-income census tract in the SavarrrrahRiver Site
regiOnOf malysis .............................................................................................................

Annular sectors around the Savannah River Site .............................................................

Community distributed impacts .......................................................................................

4-100

4-105

4-121

4-122

4-129

4-157

4-158

4-159

4-161

4-166

4-176

4-177

4-179

4-181

xxi



DOE/’EIS-O268

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 finction
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 stracture 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 0p-
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 Savmnah 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 beated 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 tbe 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 a result 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 Suvanrrah 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 infrastmcture,
costly to operate and maintain, and with limited
appIlcatlOn 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 cument mission and will become more ex-
pensive to operate.

S.3 Proposed Action

DOE proposes to shut down the River Water
System and to place all or portions of the system
in a standby condition that would enable res~
if conditions or mission changes required sys-
tem operation. DOE proposes to lay up all or
portions of the system. Layup means that DOE
would place equipment in a protective state that
minimizes degradation. DOE would maintain
those 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 drawdow~ of the reservoir
and its reversion to the pre-L-L ake conditions of
Steel Creek. During the expected drawdown
period (about 10 years), DOE would apply

s-1
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measures to ensure that it could refill L-Lake
safely and would apply other measures to
minimize potential adverse effects of exposed
sediments, which contain contaminants, in the
Iakebed.

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~A-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-

7E 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 tie 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 Statenrentfor Tritium SuppIy and Recycling
(DOE~IS-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

TC of the standby condition in the Record of Deci-
sion.

S.4 Alternatives

DOE is considering two alternatives to the Pro-
‘E 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
ieveI. Cessation of river water flow to L-Lake
would result in the gradual recession of the lake
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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,
DOE would select an economical option for the
earthen dam such as breaching or insuring un-
obstmcted flow through the existing conduit.

Steel Creek is expected to maintain its natural
flow, while Lower Three Runs would receive
minimum discharges of 10 cubic feet (0.28 cu-

Tc bic meters) per second and Par Pond is expected ‘c
to maintain a water level greater than 195‘feet
(60 meters).

S.5 Affected Environment

Located in southwest South Carolina, the SRS
occupies an area of approximately 300 square
miles (800 square kilometers). The Savannah
River forms the Site’s southwestern boundary
for 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
Aikerr, South Carolina, tie 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 level near tie northern
boundary. The climate is temperate with shon
mild winters and long humid summers. Warm,
moist maritime air masses dominate the
weather.

Open fields and pine and hardwood forests
comprise 73 percent of the SRS; approximately
22 percent is wetlands, stremns, or reservoirs
(L-Lake and Par Pond). Production and support
areas, roads, and utility corridors account for 5
percent of the total land area. L-Lake occupies
about 1,000 acres (4 square kilometers) of the

[T,

TE

TE

site and Par Pond about 2,640 acres (10.7 square
kilometers). The Site is heavily forested with
upland pine and mixed hardwoods. Since 1951,

approximately 80,000 acres of former agricul. Tc

tural lands were planted with Ioblolly, Iongleaf,

s-3

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

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-
itersto the dam. Par Pond extends about 3.1
miles (5 kilometers) along the Luwer 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 tie 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-shmb wetlands with a
variety of amphibian, reptile, wading bird, wa-
terfowl, and terrestrial mammal populations.
Water quality on the SRS is generally suitable
for maintaining balanced biological communi-
ties.

Par Pond, a 2,640-acre (10.7-square-kilometer)
reservoir, was created in 1958 by building an
earthen dam (the Cold Darn) across the upper
reaches of Lower Three Runs. It has an average
depth of20 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).

I
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TE
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S.6 Environmental Consequences

This EIS evaluates alternative actions for the
River Water System at the SRS. The altern-
ativescover 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-
is~ the pu~ose 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

~,2.05intent 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 fomr the bases
of the results reported in this table:

● DOE will operate a 5,000 gallon-per-minute
TcI (0.32 cubic-meter-per-second) pump as a

TC

.

●

●

TE

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 Jockeypupa Dry iayupb
Replacement/restmone-timecostc NAd NA $820,000 $4,730,000
Timetorestm

Costof Operation

System suweillance and
maintenance

L-Lake,par Pond Darn
surveillanceand maintenance
Energycosts

Totalannualcost
Staffrequiredi
Security(includedin total costs)

Regulatoryrequirements

Volumeofwater pumped

:
c.
d.
e.
f.
~.

h.
i.
j.
k.

NA

$1>084,000

520,000

494.000
$2,098,000h

7.8
Visual inspection

liday
Intakecanal
dredging

5,000-gal10n-per-

NA 30 months 30 months
S200,000e
$85,000f $710,000 $85,000

$520,0008 520>000 520,000

20,000 71.000 44,000
$625,000 $1,301,000 $649,000

1 6 1
Visual irrspection Visual inspection Visual inspection

1Iday 1Iday llday
None Dredgin# Dredging

SCDHECkpemit SCDHECpemit
for spoils for spoils

NA Low flow to keep o
minute average pipin8system

pressurized

The pipingsystem would stay pressurizedby operationof a ve~ smallpump calledajockey PUMP.
The pipingsystem would be drained.
One-timecost to restart (him reliability).
NA = not applicable.
One-timecost to shut down.
One full-timeequivalentperson to handle minor maintenance.
This is an annualcost for L-Lakeand Par Pond dams. AfterL-Lakehas recededand the darn is breached,an-
nual darrtmaintenancecosts for L-Lakewill be $0.
This cost doesnot includeunexpectedrepair or replacementof the system.
Staff salaryand overheadare included in system and darnmaintenancecost.
Abovecosts do not include cost (if any) for re-permittingfor dredgingor reuseof exisdng spoil areas.
SCDHEC= South CarolinaDepartmentof Healthand EnvironmentalControl.

s-5
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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 IMinimal soil erosion from vegetated slopes
Fourrnile Branch) and head- and natural flows
waters of S1eeiCreek
(upstrem of L-Lake)

Indian Grave Branch Minimal soil erosion from vegetated slopes
(tributary to Pen Bmncb) cWing natU1d flows and river water md

well water discharges from K-Area

Steel Creek and Lower Three Minimal erosion and sedimentation rates due
Runs (below dams)

L-Lake and Par Pond

Surface Water

ParPond

L-Lake

L-Lake water quality

TC Steel Creek

L-Area sanirary wastewater
treainrent plant

to controlled stream flow

Minimal erosion due to consrant normal pool
water elevations in L-Lake and small fl”ctua.
tions in Par Pond

Pa Pond ecosystem would reverr to that typi.
callyfo”nd inresewoirsin So”thcastd”eto
reduction ofnutrienrsfmm Savannah RIVeK
DOE could resume pumping to Par Pond if
conditions warranted

Water level sustained by z much as
4,800 gpma of rivm water pumped to and dis-
charged from L-Area

Dissolved oxygen in epilimnion seldom
would fall below 5rniRigrams perhtermd
would generally begrcatcrtim I milligram
perlitcr inhypolimnion. Lowest tempera-
rures would be around 50°F (1O“C); maxi-
mum near-surface summer temperatures
would be am”nd 86oF (30”C); acidiry would
“otbembstantial; pH levels in near-surface
water would seIdomfallbelow6.

Minimalsiltationd“eto intake stmcr”re
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.

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

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

Minimal remobilimtion of soils potentially
contaminated by preimpoundmcnt activities
due to gradual recession of L-Lakq same as
No-Action Alternative in Par Pond.

Reversion 10typical 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 tempcra-
rure and increased acidl~ in epilimnion md
hypolimnion of L-Lake until lake is dmined.

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

A1temate compliance method (e.g., septic
tanks) would be required.

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

Resource No-Action Alternative Shutdonn Alternatives

L-&ea coolin~ water dis-
charges

L-Area 186-Basin maintained full for fire
protection and overflowing for discharges to
L-Lakq well water or river water could sup-
ply 190 gpm of cooling water for compres-
sors

K-kea cooling wattr dis-
charges

Groundwater

Water table levels in L-Area

Air

Air toxic - Mercury

Air toxic - Manganese

Criteria pollutant - 24-hour
PM] o concentrationat SRS
boundary

Radionuclides- annualeffec-
tiveinhalationdoseequiva-
lenttomaximallyexposed
offsiteindividual

As much as 200 gpm pumped from system to
K-Area 186-Basin for fire protection; \vell
water would supply 210 gpmofcoolingwa-
terfor compressors

With downgradient elevation of Water Tabh
Aquifer controlled by lake level, it would
stand at 190 fic above mean sea Ievek Water
Table Aquifer elevation at L-Area Oil and
Chemical Basin (one of four nearby
CERCLAd units) would be approximately
208 fi

0.014 microgram per cubic meter

0.821 microgram per cubic meter

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

Very small dose (0.02 milliretiyr)

Abemate SUDDIV(e.g., well water) would be.
required for fire projection and compressor
cooling; lotal well water requirement would
be 390 gpm, total discharge to L-Lake would
be reduced by 10 gpm evaporation from tbe
186-Basin to approximately 380 gpm.

Alternate supply (e.g., welt water) would be
required for fire protcctiox same=
No-Action Alternative for compressor cool-
ing watec total discharge to Indian Grave
Branch would be approximately 400 gpm
(i.e., 200+21 Oless evaporation).

As L-Lake recedes, water table elevations
wo”ld drop ]Oftat Steel Creek outcrop
(estimated 180 ft); at L-Area Oil and Chemi-
cal Basin, water table elevations would drop
approximately 4 ft (estimated 204 ft); hy.
draulic gradients at CERCLA units would in-
creascresulting ina 12-percent inc~asein
local velocities. After l&eleveldropped, it
would tic approximately 18yearsfor co”-
minated gro”ndwater to travel from
CERCLAunits to Steel Creek. Therefore,
there would be little, if any, effect on reme-
dial actions for these units.

Increased byl.15x 10-6 microgram perc”bic
meter to approximately 6 percent of reg”la.
tow standard.

lncreasedby 2.6x 10~microgram per cubic
meter to approximately 3 percent of regula.
tory smdard.

Increase of 16 for a total of 129 micrograms
per cubic meter at the SRS boundary, which
is 85.7 percent of regulatory smdard,

Total dose from all pathways 6.5 x 10-3
(mremlyr~ 0.07 perccnl of regulato~ stm-
dard.

S-7
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Table S-2. (continued).

Resource No-Action Alternative Shutdown Alternatives

TerrestrialEcology

L-Lake
TE

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

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

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

L-Lake amphibians, reptiles, semiaquatic
mmmals, wading birds, and waterfowl
would be more vtd”erable to predation as res-
ervoir recedes.

No increased exposure to contaminated
L-Lake sediments

Animals foraging i“ the Iakebed after draw-
down would be exposed to contaminated
sediments via inhalation, ingestion, and der.
M contact.

Aquatic Ecology

L-Lake Namral changes in aquatic communities as
L-Lake ages

Reservoir tcosystem replaced by small stream
ecosyslem.

SRS SUC~S Natural flows in small watersheds support
few benthic organisms and fish in Indian
Grave Branch

Same as No-Action Alternative.

Wetlands

L-Lake Naturat successional changes in littoral zone
plantcommunities

Loss of submerged and floating-leaved
aquatic plants as resewoir recede% emergent
species could move downslope with Itie
level.

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

Same as No-Aclion Alternative

Steel Creek
ic

With tO cfs flow requirement, scntb-shmb
vcgctatio” would becomt more prevalent in
stream corridoy willow probably would pre-
dominate. OveI time, hardwood species
would become established in delta, replacing
swamp (cypress-gum) forest with deciduous
hardwood (oak. elm-sweetg”m) forest.

Same as No-Action Altemativc during draw-
down; afier drawdom, namral flows would

vm% averaging 10 cfs.

Lower Three Runs Readjustment of stream and bottoml and eco-
systems associated with continuation of exisr-
ing flow requirements

Same as No-Action Altcmative,

Threatenedand Endangered
Species

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

Bald eagles nesting at Pen Branch would i“
time lose primary foraging habitat (L-Lake)
and could leave wea

I
I
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Table S-Z. (continued),

Resource No-Action Alternative Shutdown Alternatives

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 md summer, when wood
storks forage on SRS).

Alligators Alligators would continue to be present in
L-Lake

Occupational Health

Radiological - annual prob-
ability of fatal cancer to C“F.
rent involved worker (an””al
fatil cancer risk from all
causes is3.4x ]o-3)e

Radiological - number of life-
time fatal cancers to current
SRS involved workers (16
lifetime fatal cancers from all
causes expected in cument
SRS involved worker popula-
tion)e

Nonradiological - annual
probability of fatal cancer to
current SRS involved worker
(annual fati cancer risk from
allcausesis 3.4x ]o-q)e

Pubtic Health

Radiological - annual prob-
ability of fatal cancer to off-
site maximally exposed
individual (mnual fatal cancer
risk from all causes is
3.4 x Io-j)e

Radiological - number of life-
time fatal cancers to offsitc
population (157,900 lifetime
fatal cancers from all causes
expected in the offsite Popu-
lation living within 50miles
of sRs)e

Nonmdiological - annual
probability of fatal cancer to
offiite mmimally exposed
individual (annual fatal risk
from all causes is 3.4x lo-q)e

1.7 x 10-7

5.5 x 105

2.5 X IO-8

3.3 x 10-9

5.Ox 10-j

None

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 rapidi~ of drawdown.

1.7X 10-7

5.5 x 10-5

1.4 X 10-6

3.5 x 10-9

4.9 x 10-5

7.9 x 10-9

lC

IT,

IT,



Table S-2. (continued).

Resource No-ActionAllemalive ShutdownAlternatives

Land Use

Onsite Site facilities, natural vegetation types with Same % No-Action Alternative
more than 73 percent in forest land

Adjacent lad Used mainly for forest, agricultural, and in- Same as No-Action Alternative
dustrial purposes

Aesthetics

TE I 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, aPPem fOrperiods oftimeuntil revegetation
turtles, and some alligators begin, 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 Allemative
shoreline, pine and hxdwood 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 StIe~S Narrow streams at headwaiters broadening Same as No-Action Alternative
into wide swampy deltas at Savannah Riveq
abundant hardwood and wetlmd vcgetatio”
with variety of wildlife; 10 cfs in Lower
Three Runs and Steel Creek downstream of
dam% natural flow in Fourmile Branch and
Steel Creek above L-LakG natural flow plus
small cooling water dischages to Indian
Grave Branc~en Branch

a. gpm = gallons per minute; to convert to cubic mcrers per second, multiply by 0.000063088.
b. cfs = cubic feet per secon& to convefi to cubic meters per second, multiply by 0.028317.
c. ft = fee< to convcn to meters, multiply by 0.3048.

TE I d. CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act.
e. Based on fatal cancer incidence in general population of 235 per 1,000 and a 70-yem life expectancy.
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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 l-l).

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
at the SRS now emphasizes cleanup and envi-
ronmental restoration.

In 1990, DOE assessed the impacts of continued
operation of reactors at SRS and alternatives
that would ensure the capability to produce nu-
clear materials for United States defense and
nondefense programs (DOE 1990). With the
change in mission at SRS, a Supplement Arraly-
sis for Reactor Transition (DOE 1994a) WaS

prepared to determine if National Environ-
mental Policy Act @EPA) 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-
ronmental Management directing DOE to pre-
pare a Supplemental EIS to fully analyze the
impacts of shutting down the River Water Sys-
tem arrd 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 Smanrrah River /,,

Strategic Plan (DOE 1996a) as guidance for
meeting the changing missions. The Strategic
Plarr 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 plms for their disposition, As a result of
this process, DOE identified the River Water
System (Figure 1-2) as excess infrastmcture.

The U.S. Atomic Energy Commission (AEC), a
DOE predecessor agency, built the River Water
System to provide secondary cooling water from
the Savarmah River to the five production reac-
tors at the SRS (C-, K-, L-, P-, arrd 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 themral 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 Savarrnah River
(Pumphouses lG and 3G) and one on Par Pond
(Pumphouse 6G). Pumphouses lG 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 contiins 10 pumps;
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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,oOOgallons 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

. 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.

I
Because the SRS reactors are not operating,
there is no longer a need to provide secondary
cooling water for the reactors with the exception

TC 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 Iayrrp following the
placement of the only remaining operable reac-
tor (K-Reactor) in cold standby, and in 1995,
Pumphouse 6G was deactivated and abandoned.
As a result, the River Water System annual op-
eration cost dropped from approximately
$26 million in 1994 to$11.5 million in 1995.

I

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

‘c water level in Par Pond would fluctuate near its
normal operating level of 200 feet (6 1.0 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 domstrearn 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), v,hich is

‘c approximately 23,000 gallons per minute (1.5
cubic meters per second) more water thorr is
needed fnr current system uses. The river water

TC/ is dischmged &om K- ad L-Areas to FOumile

‘ Branch, P~n Branch, L-Lake, and the headwa-
itersof Steel Creek, respectively.

TC

—

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 Wis action, DOE reviewed
Council on Environmental Quality (CEQ)

I
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NEPA requirements (40 CFR 1508.4) rmd the
DOE NEPA implementing procedures (57 FR
15122-15158) a33ddetemined 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 significmt
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, m3darr environmental permits check-
list.

DOE applied this process and deternrined that
installation was a33appropriate categorical ex-
clusion as categorical exclusion B.5. 1, Actions
to conserve energy (57 FR 15122-15 158).

The small pump will supply up to~ns
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, mrd
provide a minimum flow of 10 cubic feet
(0,28 cubic meter) per second (approximately
4,500 gallons per minute) to Steel Creek. Up to
200 gallons per minute (0.0 13 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 Foui-mile Branch via Cas-
tor Creek and P-Area discharges to the headwa-
itersof Steel C .eek (WSRC 1995a). These flows
vary but C-Art a discharges averaged approxi-
mately 265 gallons per minute (0.0 17 cubic
meter per second) during Water year 1996 (i.e.,

1a09

1603

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).a

Small
Pump

Stream Sept. 96 Operation Shutdown

Steel Creek (headwaiters 3,860 0.0 0.0
via P-13)

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

Lower Three Runs 0.0 0.0 0.0

Founnile Branch (via 265 0.0 0.0

C-04 10 Castor Creek)

Pen Branch (via K- I8 to 7,400 400C 400b
Indian Grave Branch)

Total Discharge (gpm) 28,000 5,200 800

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

h. Maximum well water dischmge.
c. 200 river water. 200 maximum well nater discharge.

DOE has not perfomed maintenance on the
equipment in Pumphouse 6G since its shutdown
but does perfotnr routine surveillmrce and
maintenance on the equipment in Pumphouse
1G mrd the piping ne~ork. Inspections of the
pipe system reveal infrequent problems that
might require minor repairs and continued pre-

l&08
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ventive maintenance. The consensus is that the down the piping system and implements a suit-
piping is in excellent condition and is likely to able Iayup, surveillance, and maintenance proc-
experience minimal deterioration if DOE shuts 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 horn 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 Altern-
ativedescribed below, the River Water System

TEIcould beavailable toserve fnture DOE needs.

1.3 Alternatives to the Proposed Action

DOE is considering two alternatives to the Pro- maintain pumps in Pumphouse 3G in opera-
posed Action. The first would be to continue tional readiness.
the current operation of the River Water System
(this is also the No-Action Alternative). Under The second alternative would be to shut dom
this alternative, DOE would use the small pump and deactivate the River Water System. As de-
to provide fire protection at K- and L-Reactor scribed above for the Preferred Alternative,
and blending flow for the L-Area sanitary waste DOE would have to develop and implement al-
treatment plant effluent. In addition, DOE temative water sources, and the cessation of
would maintain the water level in L-Lake, dis- river water input to L-Lake would result in the
charge at least 10 cubic feet (0.28 cubic meter) gradual disappearance of the lake and its rever-
per second from L-Lake to Steel Creek, and sion to the original condhions of Steel Creek.

1.4 Associated Actions

In this evaluation of shutting down the River this EIS does not attempt to make decisions on
Water System, DOE considers a number of ac- akematives for such actions, it presents a per-
tions that must be implemented prior to system spective on how they might affect decisions on
shutdown or continued operation with the small the River Water System. DOE believes that the
pump. DOE also considers potential future ac- actions described in the following paragraphs
tions ~at could affect decisions on appropriate are associated with its decisions on the River
actions for the River Water System. Although Water System.

1.6
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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 a~reement between DOE.
&e US. Environmental ~rotection Agency
(EPA) and the South Carolina Dep&en~ of
Health and Environmental Control (SCDHEC).
The FFA integrates DOE responsibilities under
the Resource Conservation mrd Recovery Act
(RCRA) and the Comprehensive Environmental
Response, Compensation, and Liability Act
(CERCLA), Chapter 5 provides detai[ on the
requirements and compliance status of RCRA,
~ERCLA, and the FFA.

In accordance with the FFA, DOE prepared an
internal draft site evaluation report for L-Lake
that contained recommendations on whether
there is a need for further investigation. Sutiace
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 tie 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.

At present, DOE has revised a preliminary (and
conservative) risk-based analysis for exposure
scenmios and remediation alternatives; it con-
tains approximate costs for the remediation re-

TC

LIC-01
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quired”to reduce risk to prespecified levels (PRC
1996; PRC 1997a,b,c). It was written to provide ‘c
the decisionmaker with approximate costs that
may be incumed in the future under various
possible FFA (i.e., CERCLA) remedial options.
Appendix A of this EIS describes the status and
results of this L-Lake alternatives report and de-
scribes the process DOE uses to evaluate actu- ~~
ally or potentially contaminated sites at the
SRS.

1-7

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-

rc
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fects. DOE described the cumulative impacts of ITC

the Proposed Action and tie connected action
(potential remedial actions) but would defer al-
ternatives for the connected action until concep-
tual alternatives have been defined. If tie
remedial actions under the FFA called for the
procedural and documentation requirements of
NEPA, DOE would incorporate ~PA 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).

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 tiat are available from tie 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-

L1O-10
cal receptors, the cument 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 SM Future Use Re-
port (DOE 1996b), such conditions include a
futrrre facility worker (e.g., privatized industry)
and public access for recreation but do not in-
clude a future resident,

CERCLA radiological analyses of human health
differ from those used in the EIS; the CERCLA



L12.03

DOE/EIS-0268

analyses report cancer morbidity (incidence) as
the impact while the EIS estimates latent cancer
fatalities. The CERCLAanalysis uses inges-
tion, inhalation, and external exposure slope
factors (PRC 1996) toestimate morbidity risk.
The more traditional EIS approach calculates a
committed effective dose equivalent from expo-
sure to contaminated soil and multiplies this
value hy a dose-to-risk cancer mortality con-
version factor fiomthe International Commis-
sionon Radiological Protection (ICRP 1991).
Further, impacts described in the EIS account
for radioactive decay of the constituents over
the exposure period. Bynotallowing fordecay,
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

TC

eration under the No-Action Alternative would
belessthan those thatoccurredin 1996in
Fourrnile Branch, Pen Branch, and the headwa-
iters of Steel Creek discharges to Lower Three
Runs and Steel Creek at their dams would con-
tinueat 10cubic feet (0.28cubic meter) per
second (4,500 gallons per minute). The extent
of thereduction in Fournrile Branch, Pen
Branch, and the headwaters of Steel Creek
would be independent of the alternative DOE
decided to implement. Onsitestrearns would

apprOach na~ralf fowconditions; operation of
the small pump would keep L-Lake at its normal
water level.

Water Requirements for Alternatives

Under tie No-Action Alternative a combination
of groundwater and river water from the small
pump is required to supply the entire auxiliary
equipment cooling water demand, sanitary

small pump, which is part of the baseline in the ~12.03
No-Action Alternative. Steel Creek, Fourmile
Branch, Pen Branch, Lower Three Runs, and Par
Pond are on the RCWCERCLA 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-

waste water, tire 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,

No-Action: No-Action: Shutdown:
River Water Groundwater Groundwater

Purpose for water Demand (gpm) Demand(gpm) Demand(gpm)
@
186-BasinFire Protection Water 200 0 200
AuxiharyEquipment Cooling o I9oa 190
SanitaryWaste Water Blending 83 0 Ob
Lake Level and Steel Creek Flow Maintenance 4.517C o 0
U
186-BasinFue Protection Watel
Auxili~ Equipment Cooling
Total

200 0 200
0 210 210

5,000 400 800

a. Althou@ not required for the No-ActionAlternative,DOE switched this coolingwater requirementfromriver
water to gromrdwater.

b. Replacedby septic tank and tile field in the shutdownalternatives.
c. Total outflowto L-Lake is 4,800 gpm.
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gallons per minute (0.094 cubic meter per sec-
ond), respectively (WSRC 1996a). The 4,800
gallons per minute (0.3Ocubic meter per sec-
ond) that will be pumped to L-Area by the small ITC

pump and eventu~lly ~eleased to L-L&e 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 uer minute (0.013 cubic meter uer

1

IT,

-.
second) and 190 gallons per minute (0.0 12 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.

Small sanitary wastewater treatment plants in
K-, L-, and P-Areas discharge through National
Pollutant Discharge Elimination System
~DES)-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 altern-
ative.

The P-Area sanitary wastewater plant was deac-
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.

2.

3.

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

Tire effluent would not flow as far as the
sampling point.

The effluent would not reach the intended
receiving stream

Tc

rc

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 stornrwater
flows in the existing Stormwater General Permit
(Smith 1996).

Calculations (Huffines 1996b) indicate that the
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 altern-
ativemethod 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 (Huftines 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.

Finally, DOE uses the 25-million-gallon
(95,000-cubic-meter) 186-Basins in K- and L-
Area as a Iong-tem tire protection water supply
source, In L-Area, a 4,800 gallon-per-minute
(0.30 cubic-meter-per-second) overffow is
maintained from the 186-Basin, which eventu-
ally discharges from NPDES permitted outfall
L-07 to L-Lake. In K-Area, the 186-Basin is
operated as a retention basin with no pumped
withdrawal 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,

I-9
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DOE provides 200 gallons per minute
(0.01 3 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

I
TC DOE selects a shutdown alternative. The ca-

pabdlty to supply up to 400 gallons per minute
TC (0.025 cubic meter per second) of alternative

make-up water for fire protection must exist
concurrent with the shutdown of the River Wa-

TC
ter System. DOE has determined that this
make-up capaci~ 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

Tc 904-Retention Basins for aquacultural purposes
(WSRC 1994a). This stody indicated that rais-
ing hybrid striped bass or Australian crayfish
would be feasible and potentially profitable al-
ternative uses for tie 186-Basins.

1-1o

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
infrastnrcture 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
cumently 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 dispnse of them safely and (2)
the cleanup and enviromnental 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 Secreta~
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 nf K-
Reactor, DOE made arradministrative 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.

T.1

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 Smannah 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
infrastructure (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
cument mission msdthat 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
fmther expenditures of funds to operate a sys-
tem that has no current mission,

TC
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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 @EPA) to identi& 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 Altern-
ativeasrdtwo other alternatives that span the
range of reasonable alternatives for the shut-
down of the River Water System at the Savau-
nah River Site (SRS).

● NOAction – 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
described in Chapter 1, DOE would con-
tinue to pump water from the Savannah
River to provide fire protection at K- and
L-Reactors arrd blend flow into L-Area
Sarritary 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
a more detailed discussion oftbis altern-
ative.

● Shut Down and Deactivate the River Water
System – DOE would shut dowrr and deac-
tivate the River Water System aud pl.ice it
in a secure, environmentally satisfactory
condition. This means that DOE could not

TE

TE

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 mearr 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 arrd 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 tie 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- ~c
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
mearr 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

● Engineering studies that examined the ef-
fects of the shutdown of the River Water
System on system structures, equipment,
and piping, and the costs associated with a
range of layup options TE

3- I



● 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

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

. Studies of water and sediment chemist~,
transport properties, effects of fluctuating
water levels, fish communities, and vegeta-
tion

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

● NEPA and Comprehensive Environmental
Response, Compensation and Liability Act

TE (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 projector 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

I

3.1 No-Action

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 Smannah River Site (DOE
1995a,b). The proposed action in that EA was
to examine the need for continuing the operation

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 Iakebed 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

TC natural fluctuation of the water level in Par
I Pcmd,mrdissueda FindingofNoSigrrificant
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).

3-2

Alternative

of the River Water System by (1) developing
data needed to evaluate potential enviromnental
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, AsdetaiIed in Chapter l, DOE assumed
the use of this new pump, rather than one of the
existing large pumps, in the evaluation of this
No-Action Alternative. DOEwillprovide
measures to minimize current use of the River
Water System. In K-and L-Areas, DOEhas
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-
ingannual costs (WSRC 1996c):

& @

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 Of5,000galkmsPerminute(o.s’2Cubic
meter per second) ~d wOuld SUPPIYriver wat~~

to K- and L-Reactors through their respective
186-Basins by way of 12 miles ( 19 kilometers)
ofunderground concrete piping. lnL-Area, out-
fall water from the reactor flows to L-Lake
(WSRC1996b). No Action inthis EISmeans
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 IT,
would maintain L-Lake at full pool [i.e., 190
feet (57.9 meters) above mean sea level],

3.1.2 SRSSTREAMS

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 sanit~ 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 PAR POND

Under the No-Action Alternative, DOE would
not pump river water to Par Pond, and the lake
level would fluctnate 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

TC/ ● Secure Pumphouse 3G intake lines to pre-
vent intrusion of water from the Savannah
River

TE]* Perform pumphouse cleanup activities nec-
essary to satisfy concerns 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 1996~ Jones 1997<
WSRC 1996b):

& ~
Systemshutdown (one-time cost) $200,000

Annual dam maintenance 520,000

TcI 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
drain .d to the original condition of Steel Creek.
DOE would limit surveillance or maintenance to
Par Pond and would assume that no equipment

would be operable in the future. After the lake
recedes, DOE would either breach the dam or

TEI 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-LA~

Under the Shut Down and Deactivate Altern-
ative,DOE would shut down the River Water
System, thereby pumping no water to L-Lake.
The only water the lake would receive would be

TE] through natural recharge. L-Lake would recede
over approximately 10 years (Jones and
Lamarre 1994), returning to the original stream
flow conditions of Steel Creek. During this
drawdown period, DOE would apply appropri-
ate measures to minimize adverse effects of ex-
posed sediments in the Iakebed such as the
following

●

✎

TC “

.

3-4

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

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
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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 I
to the extent possible by adjusting the outflow
gates while maintaining 10 cubic feet
(0.28 cubic meters) per second flow to Steel
Creek, DOEwould minimize drawdownofthe
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 drawdowrr, DOE
would take advantage of various research oppor-
tunities enabled by the tmrrsition 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 tbe necessary actions to ensure continuous
unobstructed flow tirough 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.

TC

Additional actions concerning the future dis-
position of the dam would be subject to the ap- TC

propriate level of NEPA review.

Natural Steel Creek flow is estimated to average ITE

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 Altern-
ative,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 PONfl

Under the Shut Down and Deactivate Altern-
ative,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
DOE Proposed Action and Preferred Altern-
ative,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 drawdowrr 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 sai‘~lyand would apply the meas-
ures described in Section 3.2.1 to minimize ad-
verse effects of exposed sediments in the

3-5

rc



DOE/EIS-0268

Iakebed. 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 regro~h.
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 Iayup schemes ranging from a high
state of readiness (almost immediate startup
with high annual suweillance and maintenance
costs) to minimal sumeillance 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 ~d deactivate the
system.

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

L1&05 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

LI@os Until final CERCLA remedial actions are de-
temrined 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 (ie., 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 detemrination hat 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

B47 drought thaf 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

L9-07 water system afier shutdom and, if necessary,
it would restart the system, pump to Par Pond,
and bring the water level to an aDurouriate level

labove 1~5 feet (60meters). ‘” ‘
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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 Iayup 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)].

3.3.1.2 Refill L-Lake

In accordance with the Federal Facility Agree-
ment (FFA) between DOE, tie U.S. Environ-
mental Protection Agency (EPA) and the South
Carolina Department of Health and Environ.
mental Control (EPA 1993a), DOE has prepared
an internal draft remedial site evaluation report
for L-Lake. The report contains recommenda-
tions on tbe need for further investigation of the
lake under the FFA. In the unlikely event that
the decision under tie FFA process included
refilling the lake to an appropriate level, DOE
would then restart the River Water System to
refill L-Lake. The time required to restart the
system would 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,OOOgallons per minute (0.32 cubic meter per
second)] continuously to maintain the lake level
and downstream releases.

3.3.L3 SuPDort New Missions

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

rc

rc

provide, For example, in the Tritium Supply
and Recycling Programmatic EIS, DOE evalrr-
ated an alternative which would produce tritium
in an accelerator, In the associated Record of
Decision, DOE armounced 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 oftritium. 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 63878-6389 1).

DOE plans to prepare project-level EISS for
these potential projects (see Notice oflnterrl,
Accelerator Production of Tritiumat the Savan-
nah River Site Environmental Impact Statement,
60 FR 46787-46790). The optimum use of the
River Water System, if any, would be part of the
project design for an accelerator. At present,
three of the plans for supplying cooling water to
an accelerator involve the use of the system.
The preferred plan would use the pumphouse,
WO replacement pumps, and an existing distri-
bution line to get as close as possible to the

[E

rc

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, tien 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.

Shutting down and maintaining the Ri ?er Water
System could preseme 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 (3Omonths), and the system
would be available when the accelerator proiect

1was ready to use the cooling water suppl~, -

TCI 3.3.2 LAYUP OPTIONS

River Water System operations personnel pre-
TEI 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 ris~igh reliability), Iayup
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 Prefemed 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 Iayup schemes are reasonable, but they

VarYin cOst and the operational readiness they
could support. For example, the small-pump
Iayup 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
Iaynp option are for comparison only. Be-
cause DOE has not developed detailed proj-

.
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ect plans for the Iayup and restart options,
they are only prelimina~ 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 tie 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 Iayup 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
R]ver Water System, if any, would be part
of the project design for tie 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 laWp
scheme could maintain L-Lake at its normal
operating level [190 feet (58 meters)]. Dis-
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charge from the iockey pump would be in- I Action Alternative. Because this option
Sufficient to maintain lake level.

LS.02
would not meet the purpose and need for the

,● The analysis does not include procurement
aud installation costs for the jockey and
small pumps. The small pump arrd 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
readinessllaynp 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 arrnual costs of Iayup 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 Dow and De-
activate Alternative would be less costly thmr
the laynp 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 mrd essen- quire a startup time this fast. It would,
tially equivalent to activities under tie No-

shutdown action (i.e., cost savings), it is not
a reasonable option for the Proposed Action
to shut dom the River Water System and
maintain it in stmrdby.

3.3.2.2 Restart in 6 Months

. 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 arr unreasonable option
for the Proposed Action.

. Jockey Pump – If DOE desired this high de-
gree of operational readiness (restart in 6
montis), it would save about $300,000 per
year in electricity. A 6-month restart
scheme would require a wet Iaynp. This
means the jockey pump would run continu-
ously and the two large pum’psthat DOE is
maintaining would mn 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 tie need to replace equipment is
not likely under this intense suweillarrce
and maintenance option, restart costs would
be zero. Most restart actions would not re-

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

AnmralCosts ($ million per year)
Systemsmveil- L-Lake and One-timecost

Time to LayP kmce arrd Par Pond dam Total annual for restart

restart scheme Electrici~ matitenarrce maintenance cost ($ million)

1month Smallpump 0.494 1.084 0.520 2.098 0.000

6 months Smallpump 0.494 1.084 0.520 2.098 0.000

Jockeypump 0.164 1.084 0.520 1.768 0.000

12months Smallpump 0.401 0.865 0.520 1.786 0.552

Jockeypump 0.071 0.710 0.520 1.301 0.812

30 months Smallpump 0.401 0.865 0.520 1.786 0.560

Jockeypump 0.071 0.710 0.520 1.301 0.820

Dry lavup 0.044 0.085 0.520 0.649 4.73ti
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however, enable DOE tO respond quickly to
water needs at Par Pond.

3.3.2.3 Restart in12 Months

As in the 6-month restart options, only wet
Iayup schemes could support restafi in 12
months. Under both schemes, continuorzs
pumping would keep the system pressurized.
However, system operations personnel would
rotate the two large pumps in standby by hand
andwould not operate them. This option would
result in lower electricity and system mainte-
nance costs in comparison to the corresponding
6-month restafl schemes, but there would also
be res~ costs.

● Small Prrmp-In relation to No Action, the
small-pump scheme and 12-monti startup
would save about $300,000 per year but
would require approximately $550,000 for
restart. If DOEkept the system shutdown
for more than 2 years, the costs to maintain
andrestart would be less than the costs to
operate under the No-Action Alternative.
Both No Action alternative and this Iayup

L%02 scheme could maintain L-Lake.

● Jockey Pump– Thetotal annual cost forthe
jockey pump scheme would be approxi-
mately $485,000 Iessthan thecost 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
jockey pump scheme.

3.3.2.4 Restart in 30 Months

The wet pipe Iayup schemes and the dry pipe
scheme could support restart in 30 months,

.

TE

.

.

Small-Pump – This option would have tie
same annual layup costs as the comespond-
ing 12-month restart option.

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
Iayup 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, DC)Ewould main~in
building electrici~ 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
jockey 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 Iayup 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 be~een the
two schemes and compares both to the cost of
operation under No Action.

3-1o
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Table 3-2. Cumulative costs to lay up, restart (within 30 months), and operate the River Water System IT,
(Iayup 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 2.1 4.2 6.3 8.4 10.5 12.6 14.7 16.8 18.9 21.0 23.1 25.2 27.3 29.4 31.5
(No Action)

Jockey pump 2.1 3.4 4.7 6.0 7,3 8.6 9.9 11.2 12.5 13.8 15.1 16.4 17.7 19.0 20.3

Dry pipe 5.4 6.0 6.7 7.3 8.0 8.6 9.3 9.9 10.6 11.2 11,9 12.5 13.2 13.8 14.5

Jockey pump 0.0 0.8 1.6 2.4 3.2 4.0 4.8

savings
5.6 6.4 7.2 7.9 8.7 9.5 10.3 11.1

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

3.3.2.5 Additional Costs to Support Use of
the River Water System for Accelerator Pro-
duction of Tritium

As stated for base case layup options, DOE
would permanently shutdown the water line to
R-Area (i.e., the R-Normal Line) and would not
reactivate it if the system is restarted. In its se-
lection of a restart option, DOE would evaluate
the additional cost of maintaining the R-Normal
Line for a short period of time until the decision
on whether or not to constmct the accelerator
for production oftritium is made (DOE expects
to make this decision by 1998).

If DOE wants to ensure the capability to support
the prefemed recirculating cooling tower option,

L1$02
L1.01
L241

it would not need to change its Iayup options
except for increased sumeillance and mainte-
nance of tie R-Normal Line. The increased cost
is expected to be $10,000 per year for the dry
pipe scheme and $35,000 per year for the wet
pipe schemes (Jones 1997b).

If DOE also wishes to ensure the capability to
support the once-through heat-exchanger option,
it would maintain eight large pumps to be avail-
able to supply the 125,000 gallons per minute
once-through flow. This would increase the
costs for electricity, maintenance, and restart.
Table 3-3 presents the increased costs to suppozt
this option, including surveillance and mainte-
nance of the R-Norrrral Line.

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

. .

Ammal Costs ($ millionper year)
System surveil- L-Lake azzd One-time cost

Timeto LayrzP lanceand Par Pond dam Total annual for resrazt
restti scheme Electricity matitenance maintenance cost ($ million)

1month Smallpump 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

12months Small pump 0.020 0.140 0.000 0.160 0.806

Jockey PUMP 0.020 0.135 0.000 0.155 0.896

30 months 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 Iayup 0.006 0.040 0.000 0.046 2,?68

Source: Jones (l997c).
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3.3.3 ADDITIONAL COSTS FOR THE
SHUTDOWN AND MAINT~ ALTER-
NATIVE

DOE has considered additional costs to imple-
nent the Shutdown and Maintain Alternative.
rhey include monitoring and restoration costs
.ncurred by the L-Lake drawdown and an alter-
native to river system blending water for sani-
:ary wastewater effluents in L-Area. These
;osts 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 drawdowrr 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 stabiiiza-

L91C

tion, revegetation, and monitoring. If DOE
selects a shutdown alternative, it will pre-
pare a detailed monitoring and restoration
implementation plau that will enable costs
to be estimated with greater accuracy.

;osts for investigation and potential remedial
ctions for L-Lake would be incurred regardless
,f the decision on the River Water System.
)OE believes that tie reversion of L-Lake to
,re-SRS Steel Creek conditions would enhance
ie efficiency of the investigatinn and remedial
ction under the FFA. The costs for alternative
emedial 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 oftbe 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 Onsiteworker Future resident Future resident
Remedialoption (risk = 10-4) (risk = I@) (risk = 10-4) (risk = 1o-6)

No action No cost No cost No cost No cost

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

Soil cover No cost $100,000 $29.7 million $131 million

Excavation No cost $1.4 million $380 million $1.7 billion

3.4 Comparison of Environmental Impacts

This EIS evaluates alternative actions for the tain some portions in a standby condition that
River Water System at the SRS. The altema- would enable resw.
tives cover the spectrum of reasonable actions
from continued operation ~o Action) to com- The alternatives vary substantially in achieving
plete shutdowrr and deactivation (Shut Down the purpose and need for DOE action, costs to
and Deactivate). The DOE Proposed Action operate or maintain the system, commitment of
and Preferred Alternative is a middle ground resourcts, and environmental consequences.
under which DOE would shut the system down, ~~ ~ble 3-5 compares basic operational character-
lay up all or portions of the system, and main- Istlcs of the alternatives.

3-12
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Table 3.5. characteristics of the alternatives

Shut Dowrtand
No Action Deactivate Shut Down and Maimairr

Data Smallpump No pumping Jockeypumps Dry ]ayupb
Replacementlrestanone-timecostc NAd NA $820,000 $4,730,000
Tme to restart

Cost of Overation

System surveillmce and matite-
nance

L-Lake, Par Pond Dam smeil-
Iarrce arrd maintenance

Energy costs

Total annual cost

Staff requiredl

Security (brcluded in total costs)

Regulatoryrequirements

Vohuxreof waterpumped

NA

$1,084,000

520,000

494,000

$2,098,000h
7.8

Visual inspection
llday

Intake canal
dredging

5,000-gal10n-per-

NA 30months 30 months
$200,000e
$85,000f $710,000 $85,000

$520,000g .520>000 520,000

20.000 71.000 44.000

$625,000 $1,301,000 $649,000

1 6 1

Visual irrspectiorr Visualinspection Visual inspection
llday llday liday
None Dredging Dredging

SCDHECkperrrrit SCDHECpermit
for spoils for spoils

NA Low flowto keep o
minute average piping system

pressurized

a. ~epiptig systemwould stay pressurizedbyoperation ofavc~small pump calleda jockey pump.
b.
c.
d.
e.
f.
g.

h.
i.
j.
k.

The piping system would be drained.
One-time cost to restart (high reliability).
NA = not applicable.
One-tbrrecost to shut down.
One full-timeequivalentperzon to handleminor maintenance.
This is an annualcost for L-Lake artdPar Pond darns. After L-Lakehas recededarrdthe darn is breached,
annualdarnmaintenancecosts for L-Lakewill be $0.
This cost doesnot include unexpectedrepairor replacementof the system.
Staffsalw and overheadrue included in system md dm maintenancecost.
Abovecostsdo not irrchtdecost (if any) for re-pernrittingfor dredging or reuseof existingspoil areas.
SCDHEC= SouthCarolinaDenartrrrentof Healti and EnvironmentalControl.

Table 3-6 summarizes ad 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 Proposed Action mrd alternatives in com-
parative form. The following statements forrrr
the bases of the results reported in this table:

.

L12-05

● DOE will operate a 5,000-gallon-per-minute
(0.32-cubic-meter-per-second) pump as a ●

way to save money arrd energy. In this EIS, ~c
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 m incremental
impact of shutdown relative to No Action.

Analyses indicate that L-Lake caunot
maintain its normal pool level without flow
augmentation from the River Water System.

rc
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To ensure that impacts of the shutdown al-
ternatives are not underestimated, DOE as-

~~1 5ystemtorespond topotenrial future needs,
Impacts under the Shut Down and Deacti-

sumes a worst-case situation where L-Lake vate Alternative are equal to those of the
continues to recede until it reaches the DOE Proposed Action and Prefemed Alter-
originai Steel Creek surface water profile. native, Shut Down and Maintain.

. With the exception of capability under the
Proposed Action to restafi the River Water

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

Resource
.

Geology and Soils

No-ActlOn Aitemativc Shutdown Alternatives

Castor Creek (tribut~ to
Foumile Branch) and head-
waiters of Steel Cretk
(upstream of L-Lake)

Indian Grave Branch
(tribut~ to Pen Branch)

Steel Creek and Lower Three
Runs (below darns)

L-Lake and PM Pond

Surface Water

Par Pond

L-Lake

Minimal soil erosion from vegetated slopes
and natural flows

Minimal soil erosion from vegetated slopes

cmins natural flows and river water ~d
well water d~schargcs from K-Area

Minimalerosionand sedime”tatio” rates d“e
to controlled stream flow

Minimal erosion due to comtant nomal pool
water elevation in L-Lake and small tl”ct”a-
tions in Par Pond

Par Pond ecosystem would reverr to that rypi-
cally found i“rcservoirsin Southeast d“eto
reduction ofnurrie”rs from Savannah Rivet
DOE could resume pumping to Par Pond if
conditions warranted

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

3-14

Same as No-Action Alternative.

Sme 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 CX.
perience moderate erosion and scdimenratio”
from lakebed.

Minimal remobilization of soils potentially
contain inated by preimpoundment activities
due to gradual recession of L-Lakq same as
No-Action Alternative in Par Pond.

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

Reversion to stream conditions witi potential
for lakebed erosion.
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Table 3-6. (continued).

Resource No-Action Alternative Shutdown Alternatives

L-Lake water quality Reduction in dissolved oxygen and tempera-
ture and increased acidi~ in epiiimnion and

hypOlimnion ofL-Lakeuntilkikeis drained.

Dissolved oxygen in epilimnion seldom
would fall below 5 milligrams per liter and
would ~eneral ly be greater than 1 milligram
per liter in hypolimnion, Lowest tempera-
tures would be around 50°F (lO”C); maxi-
mum nem.surface summer tempcramrcs
would he around 86°F (30°C); acidi~ would
not be substantial pH levels in near-surface
water would seldom fall below 6.

Steel Creek

L-Area sanitary wastewater
lreaunent plant

L-Area cooling water dis-
charges

K-Area cooling water dis-
charges

Groundwater

Water table levels in L-Area

Air

Air toxic - Mercury

Minimal siltation due to intake suucmre
drawing water that would be low i“ s“s-
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

L-Area 186-Basin maintained full for tire
protection and overflowing for disch%ges to
L-L&q well water or river water could s“p-
ply I 90 gpm of cooling water for compres.
sol’s

As much as 200 gpm pumped from system to
K-Area 186-Basin for fire protection well
water would supply 210 gpm of cooling wa-
ter for compressors

With downgradient elevation of Water Table
Aquifer controlled by lake level, it would
stmd at 190 ftc above mean sea level; Waler
Table Aquifer elevation at L-Area Oil and
Chemical Basin (one of four nearby
CERCLAd units) would be approximately
208 fi

0.014 microgram per cubic meter

The dam is expected to act z a sedimentarlon
basin, thereby minimizing siltation below
darn.

Alternate complimce method (e.g., seplic
tanks) would be required.

Alternate supply (e.g., well water) would be
required for fire protection and compressor
cooling; total well water requirement would
be 390 gpm; towl discharge to L-Lakewould
bereducedby 10gpmevaporationfrom tbe
186-Basin to approximately 380 gpm.

Alternate supply (e.g., well water) would be
required for fire protection, same as
No-Action Alternative for compressor cool-
ing wate~ total disch~8e to Indian Grove
Branch would be approximately 400 gpm
(i.e., 200+210 less evaporation).

As L-Lake recedes, water table elevations
would drop 10 fi at Steel Creek outcrop
(estimated 180 ft); at L-Area Oil and Chemi-
cal Basin, water table elevations would drop
approximately 4 ff (estimated 204 fi); hy-
draulic gmdien~ at CERCLA ““its wo”]d i“.
crease resulting in a 12-percent i“crcast i“
local velocities. After lake level dropped, it
would take approximately 18 yeus for con-
taminated gro”ndwater to travel from
CERCLA units to Steel Creek. Therefore,
there would be little, if any, effect on reme.
dial actions for these u“irs.

Increased by 1.15 x 10-6 microgram per cubic
meter to approximately 6 percent of regula.
tory standard.

TC
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Table 3-6. (continued).

Resource No-Action Alternative Shutdown Alternatives

TCI Air toxic - Manganese 0.821 microgram per cubic meter Increased by 2.6 x 1o-6 microgram per cubic
meter to approximately 3 percent of regula-
tory standard.

Criteria pollutant - 24-hour
PM] o concentration at SRS
boundary

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

Very small dose (0.02 milliretiyr)

Increase of 16 for a total of 129 micrograms
per cubic meter at the SRS boundary, which
is 85.7 percent of regulatory sta,ndud.

Radionuclides - annual effec-
Tc tivc inhalation dose equiva-

lent to maximally exposed
offsite individual

Total dose from all pathways 6.5 x 10-3
(mretiyr); 0.07 percent of regulato~ stan.
dard.

Terrestrial Ecology

L-Lake
TE

No reduccion in habitat for amphibians, rep-
tiles, semiaquatic mammats, wading biIds,
and walerfowl in L-Lake

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

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

L-Lake a.mphihia,ns, reptiles, semiaquatic
mammals, wading birds, md waterfowl
would be more vulnerable to predation as res-
ervoir recedes.

No increased exposure to contaminated
L-Lake sediments

Animals foraging in the I&ebed after draw-
down would be exposed to contaminated
sediments via inhalation, ingestion, andder.
mal contact.

AquaticEcology

L-Lake Natural changes i“ aquatic communities as
L-Lakeages

Reservoir ecosystem replaced by small stream
ecosystem,

SRS streams Natural flows in small watersheds support
few bentbic organisms and fish in Indian
Grave Branch

Same as No-Action Altemativt.

Wetlands

L-Lake Natural successional changes in littoral zone
plant communities

Lossof submerged and floating-leaved
aquatic plmts as reservoir recedes; emergent
species could move downslope witi lake
level.

ParPond Changes in species composition of litto-
ral-zoneplant$ acreagc could be reduced

Same as No-Action Alternative

Steel Creek
TC

With 10 cfs flow requircmenL scmb-shmb
vegetation would become more prevalent in
stiemn corndoq willow probably would pre.
dominate. Overtime, bacdwood species

Same as No-Action Alternative during draw.
dowm after dmwdown, natural flows would
vaIY, averaging 10 cfs.

would become established in delta, replacing
swamp (cypress-gum) forest with deciduous
hardwood (oak. elm-sweetgum) forest.

3-16
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Table 3-6. (continued).

Resource No-Action Alternative Shutdown Alternatives

Lower Three Runs Readjustment ofstream and bonomlmdeco- 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
continue to forage around L-Lake

Wood storks Foraging on SRS would continue

Alligators Alligators would continue to be present in
L-Lake

Occupational Health

Radiological - annual prob-
ability of fatal cancer to cur-
rent involved worker (annual
fatal cancer risk from all
causes is 3.4x lo-3)e

Radiological - number of life-
time fatal cancers to current
SRS involved workers(16
lifetime fatal cancers from all
causes expected in cunent
SRS involved worker popula-
tion)e

Nonradiological - annual
probability of faml cmcer to
cument SRS involved worker
(annual fatal cancer risk from
d] causes is 3.4 x 10-3)e

Public Health

Radiological - annual prob-
abili~ of fatal cancer to off-
site maximally exposed
individud(mnual fatal cancer
risk from all causes is
3.4. lo-3)e

1.7 x 10-7

5.5 x 10-j

2.5 X 10-8

3.3 x 10-9

Bald eagles nesting at Pen Branch would in
time lose primary foraging habitat (L-Lake)
andco”ld Icavc area.

Wood storks could be exposed to i“creascd
levels of contaminart~ if L-Lake dropped
rapidly and iisb were trapped in small pools
(primarily i“ spring and summer, when wood
storks forage on SRS).

L-Lake alligators would, in time, be dis-
placed; drawdown of L-Lake could result i“
loss of nests, eggs, or hatchlings, depending
on timing and rapidhy of drawdown

1.7X 10-7

5.5 x 10-5

L4 X 10-6

3.5 x 10-9

[T,
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Table 3-6. (continued).

Resource No-Action Altemativt Shutdown Alternatives

Radiological - number of life- 5.0x 10-~ 4.9x 10-~
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

TCI Nonradiological - annual
probability of fatal cancer to
offsite maximally exposed
individual (annual fatal risk
from all causes is 3.4x I ti3)e

Land Use

None

Onsite Sitefacilities, natural vegetation ~pes with
more tban73 percent in forest Imd

Adjacent land Used mainly for forest, agricultural, and in-
dustrial purposes

Aesthetics

TE L-Lake 1,000-acre reservoir with wetlads along

L?2.09 shoreline and abundance of wading birds,
turtles, and some alligators

Par Pond

TC

SRS Smt~S

2,~0-acre reservoir with wetlads along
shoreline, pine and hardwood forests “p
slope; abundance of amphibians, reptiles,
wading birds, and waterfowl (in winter);
water level fluctuates while discharge from
ParPond is co”uolled.

Narrow streams at headwaiters broadening
into wide swampy deltas at Savannab Kver;
abundant hardwood and wetland vegetation
witbvariety of wildlife; IOcfs in Lower
Three Runs and Steel Creek downstream of
dam$ “at”ral flow in Fourmile Branch ~d
Steel Creek above L-Lake; natural flow plus
small cooling water discharges to Indian
Grave BrancbfPen Branch

7.9 x 10-9

Same as No-Action Alternative

Same as No-Action Alternative

As L-Lake recedes, dried m“d flats would
aPPe~ fOI periods of time until revegetztion
began; could be seen by 1,800 SRS workers
wbo paS3by daily.

Same m No-Action Alternative

Same as No-Action Alternative

a. gpm=gallons perminute; toconvento c"bicmeters persccond, multiply by O.OOOO63O88.
b. cfs=cukc feerper second; toconvento cubic meters pcrsecond, multiply by O.O28317,
c. ft=feet; toconveflto meters, multiply by O.3M8.

~Eld. CERCLA=ComprehensiveEnvironmcnmlRcsponse2Compensation,mdLiabili~Act.
e. Based on famlcmcer incidence ingeneral population of235per l, 000mda70-ye~ lifeexpectacy.
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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 tie 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
4.1.1.1
4.1.1.2
4.1.1.2.1
4.1.1.2,2
4.1.1.2.3

Geology and Soils
Affected Environment
Environmental Impacts
No Action
Shut Down and Deactivate
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:

.

.

Socioeconomic – The River Water System
would require a staff from one (Shut DOW
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.

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 tmns-
portation of materials and waste and no
offsite transportation. Alternatives are not
measurably different in terms of potential
impacts of transportation activities.
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. Cultural Resources – Because the altern-
atives,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:

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

● 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)]

● Section 4.4, Environmental Justice ● Section 4.8, Irreversible or Irretrievable
(Executive Order 12898) Commitment of Resources [i.e., “any irre-

versible or irretrievable commitments of re-
● Section 4.5, Cumulative Impacts [i.e., cu- sources which would be involved in the

mulative impacts that result “fi’om the in- proposal should it be implemented”
cremental impact of the action when added (40 CFR 1502,16)].
to other past, present, and reasonably fore-
seeable future actions” (40 CFR 1508.7)]

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-
itersof the stream, just above SRS Road B
(USACE 1987; Wike et al. 1994).

The L-Lake dam and intake sticture 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 leveI. 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 constmction
of L-Lake, most of the \,egetation in the area
that became the Iakebed was cut and hauled
away or burned on the site. Two coves in the
lower half of tbe lake and the area above Road
B were Iefi with standing timber tn 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.

1,
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, 1993< Paller 1996).

Soil from the Steel Creek floodplain at the darn
site contained an estimated 0.2 curie of ce-
sium-137 activity, and the trees rel !oved from
along the floodplain contained 12 millicuries of
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cesium- 137 activity (Du Pent 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
overnight photographs show evidence of these
activities.

After DOE completed the L-Lake Dam in 1985,
the basin tilled with rainfall, flow from the Steel
Creek headwaters and watershed, and water
pumped from the Savannah River and Par Pond.
The impoundment reached frill 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 scheduIed 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-irrch (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 to 29.0 cubic meters per second). To re-
lease from 11 to 71 cubic feet per second (0.3 to
2.0 cubic meters per second), DOE opens two
18-inch (46-centimeter) diameter ~ife 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 domr-
mented (e.g., Aadland, Gellici, and Thayer
1995; WSRC 1996e). DOE has drilled a num-
ber of deep production, test, or monitoring wells
near the areas potentially affected by the alter-
natives discussed in this EIS (Aadland, GeIlici,
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 nofieast edge of Par Pond, to the
southwest through L-Lake, and ending near Pen
Branch (also see Aadlsmd, 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,

1.TEbounded by the Savannah River to the west, the
Fall Lme to the north, the Orangeburg Scarp to
the south, and the Congaree River and Congaree

1.TcSand Hills to the east. The Aiken Plateau con-

TE I slsts 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
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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. Thelake is centrally
located on the SRS to the southeast of L-Area
arrdsouthwest of Par Pond. It isinanamow,
slightly sloping valley incised by Steel Creek.

Tectonic Provinces

L-Lake is approximately 50 miles (80 kilome-
ters) southeast of tie Fall Line, which is the
geographic feature that results from the contact
be~een the Piedmont and the Atlantic Coastal
Plain physiographic provinces. The Piedmont
province consists of Pre-Carnbriarr and
Paleozoic age crystalline rocks overlain by
sediments of Cretaceus 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 exanrple of
these oldest SRS geologic structures (WSRC
1996e,Q.

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 Tetiiary (Eocene and Paleocene age)
sediments (Figure 4-5) of the Atlantic Coastal
Plain. The depositional environment is repre- ‘E
sentative of a fluvial tOmarine 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
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. There-
gional dip is to the sou~east, 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 BamweIl 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
fomrations within each group (see WSRC
1996e,fi Aadhnrd, Gellici, and Thayer 1995).

The following formations are part of the Black
Mingo Group:

● Ellenton Forrrration (also known as the Lang
Sync/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.

. 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 tie southern portion of the SRS
and pinches out at the northernmost edge of
the Site.

. Fishbume Fomration (also know as tie
Fourrnile Member or Formation) – This
sedimentary sequence varies in thickness
from 15 to 75 feet (5 to 23 meters). It is
comprised of yellow, brown, orange, and
tan clayey sand.

l,,
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The following formations comprise the Orange-
burg Group:

.

.

.

Corrgaree Formation – tine to coarse quaflz
sand sequence, highly variable in color,
ranging in thickness from 25 to 60 feet (8 to
18 meters); generally well sorted; thin clay
beds and pebble zones are common
throughout.

Warley Hill Formation (also known as the
“Green Clay” and in the past collectively
known as the Warley Hill and Caw Cav,,
Members of the Santee Formation) – usu-
ally a glauconitic firre-grained sand srrd
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 Oto 20 feet (6 meters).

Santee Formation (also know as the
“Tinker Formation,” “McBean Formation,”
or a “member of the Lisbon Formation”) –
includes yellow to tan clays, mmls, lime-
stones, and calcareous sands; moderately
sorte~ thickness ranges tiom 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:

– Rlggins Mill Member – sand member
approximately 25 feet (8 meters) thick
along the southern po~ion of SRS and
pinched out at tbe northernmost parts of
the Site; characterized by tsn to green,
medium to cosrse, 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 snd underlying Sontee For-
mation.

— Utley Member – a calcsreous sand nr
sandy limestone with tan to white c, )Ior
varisnces.

. Dry Branch Formation – This formation has
three members:

— Twiggs Clay Member (also known as
the “Tan Clay”) – ranges in color from
tsn to brown to light grafi discontinu-
ous occumence; 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-5 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).

hwinton Sand Member – consists of tan
to orsrrge moderately sorted quartz sand
with interbedded clay> thickness ranges
from 40 to 75 feet (12 to 23 meters),

. Tobacco Road Formation (sand) – consists
of red, brown, purple, tan, or orange poorly
to moderately sorted quartz sand; grain size
varies from fine to coarse with pebble layers
common; outcrops over a large portion of
tbe Site.

The “upland unit” (also known as the Haw-
thorne Formation) is of unknown age (part of
the Cooper Group snd possibly Miocene in age).
It is a conglomerate sequence of silts, clayey
sands, rmd pebbly sands, with a variable tiick-
ness from 60 to 70 feet (18 to 21 meters). These
are the primary sufiace 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 nem L-Lake, L-Area, Pen
Brmrch and Steel Creek, the southwest side of
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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 Oto 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,
sarrds, and clays. These gently sloping to mod-
erately steep (Oto 10 percent) soils have a slight
erosion h-d (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 1995c; 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 ~pes; 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 tbe area
west of L-Lake (USDA 1990):

● Ailey sarrd, 2- to 6 percent slopes (AeB)

. Blanton sand, 6- to”1O-percent slopes (BaC)

.

.

.

.

.

.

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-uercent sloDes
(vaB) - “ A

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 ImDacts

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 shutdow the River

TF 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 drawdowrr.
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

L1015 stimulate an earthquake (WSRC 19960> WOuId
not affect economic or mineral resources, and
would not induce faulting or cause noticeable
geologic structures,

The overall Iithologic 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

Maintenmrce 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 altern-
ativewould exacerbate contain inant 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 stmctural 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 Iacrrstrine 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
resuspension of contaminated sediments and
their redeposition to downstream areas would
result in small increments of contamination.
Contaminated soil resuspension should not oc-
cur if the recessiOn is gradual (as expected) be-

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 trarrsport of upstream soils arrd lacustrine
deposits; thereby limiting potential dowrrstream
(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 sem-
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-OS),the e~rrents 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,
SCOOO0175. Outfall L-07 discharges Savannah
River water pumped from the L-Area water
storage 186-Basin, sarritary effluent from Out-
fall L-07A, process sewer and L-Reactor build-
ing drains wastewater, arrd L-Area storrnwater.
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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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

Maintenmrce 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 altern-
ativewould exacerbate contain inant 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 stmctural 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 Iacrrstrine 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
resuspension of contaminated sediments and
their redeposition to downstream areas would
result in small increments of contamination.
Contaminated soil resuspension should not oc-
cur if the recessiOn is gradual (as expected) be-

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 trarrsport of upstream soils arrd lacustrine
deposits; thereby limiting potential dowrrstream
(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 sem-
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-OS),the e~rrents 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,
SCOOO0175. Outfall L-07 discharges Savannah
River water pumped from the L-Area water
storage 186-Basin, sarritary effluent from Out-
fall L-07A, process sewer and L-Reactor build-
ing drains wastewater, arrd L-Area storrnwater.
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

4-17



DOEI’EIS-0268

(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):

. Total suspended solids – daily maximum:
40 milligrams per Iiteq monthly average:
20 milligrams per liter

● Oil and grease – daily maximum: 15 milli-
grams per liter, monthly average: 10 milli-
grams per liter

● pH–6.Oto 8.5

Outfall L-07A is the wastewater sampling point
for the L-Area sanitary wastewater trea~ent
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 lite~ monthly av-
erage: 30 milligrams per liter

. Fecal coliform – daily maximum: 400 per
100 milliliters; monthly average: 200 per
100 milliliters

● PH – 6.0 to 9.0

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-OS 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-OS 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 liteL monthly average:
20 milligrams per liter

● Oil and grease – daily maximum: 15 milli-
grams per liteL monthly average: 10 milli-
grams per liter

● pH–6.OtO S.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 ~pically 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 ~i-
cally between 16 and 20 feet (5 and 6 meters)
deep during thermal stratification in L-Lake.
Maximum temperahire 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 (1O“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 (Ketchmer and Chimney 1993). Dis-
solved oxygen in tbe 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 FebmW to JUIY
(Kretihmer 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 hWolimnion during the fall.

DOE measured oxidation-reduction (redox) po-
tential in L-Lake to distinguish reducing and
oxidizing areas and to quanti~ the reducing
potential. Low (strongly negative) redox poten-
tials, which are associated with anaerobic con-
ditions in the hypolimnion, indicate ~ducing
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 (Ketchmer 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.

Maior Ions

Alkalinity concentrations ranged from 6 to
29 milligrams of calcium carbonate per liter in
1992, similar to levels observed in 199o and
1991, but lower than those seen in the first part
of the study (fietchmer 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 (O.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 h~olimnetic samples (0.05 to
12 milligrams per liter) thars 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-
polimnimr. 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.

~~ 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-
phorrrs ranged from 4.6 to 6.0 milligrams of
phosphorous per square meter per day from
1990 to 1992, decreasing each year (Kretchmer
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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 phosphorrrs 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 orrhophosphate 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-
phorrrs 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 lite~ nitrate, from less
than 0.001 to 0,660 milligrams per lite~ 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’1 995, eight L-Lake water
samples were anal) zed 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 sufiace waters, the detec-
tion limits for cadmium, lead, mercury, arrd 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 tbe Steel Creek floodplain that
was inundated with the tilling of L-Lake. Dur-
ing September 1995, DOE screened eight
L-Lake water samples for a variety of radioac-
tive contaminants (Paller 1996). No contamin-
ants were present in concentrations likely to be
deleterious to aquatic life, althoughcesium-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 arroxic conditions and this
mechanism probably was responsible for the
sample results.

In a 1995 study DOE took sediment core samp-
les from eight L-Lake locations (Koch, Martin,
and Friday 1996). These locations included a
single, shallow (nonchaunel) arrd 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 inorgarrics (Koch, Martin, and Friday
1996). Inorganic 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 IT,
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
~C-S with rainfall and stremn 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 arrd strearrr
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 nomal 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 strearrr flow-
based modeling to predict that recession to
within 15 feet (4.6 meters) of the nominal dam-
site Steel Creek elevation of115 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 darn into
Steel Creek have dominated the water balance
of L-Lake. The average natural inflow to
L-Lake from precipitation [5.7 cubic feet
(O.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 (O.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 (O.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 toc.ompensate 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.
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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 )>ischarge 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 sufiace
water) as three options:

. Option l–septictank andtile field installa-
tion with estimated capital and annual O&M
costs of $70,100 and $120, respectively

. 0pti0n2– Central Sarritary Wastewater
Treatment Facility tie-in with estimated
capital and annual O&M costs of
$1,970,000 and $10,200, respectively

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

After comparing the net present values of these
options, DOE concluded that Option 1 would be
the prefemed 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 Savamah 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 result, 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
stren@. 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 ionic
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
Iargemouth bass muscle tissue. This observa-
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tion suggested an increased biological mobility
ofcesium-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 ,grourrdwater data
available for the SRS (see Aadland, Gellici, and
Thayer 1995; WSRC 1996~ 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 4-1O).
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 Cretaceus, Tertiary, and Quarternary 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)

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
bemeen tbe geological formations and hydros-
tratigraphic nomenclature.

The Floridan aquifer system includes mo 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 1996Q.

The water table aquifer is comprised of the To-
bacco Road Formation, the Dr” Branch Forrrra-
tion, and the Clinchfield or Santee Formation.
The first confining unit includes the
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tion suggested an increased biological mobility
ofcesium-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 ,grourrdwater data
available for the SRS (see Aadland, Gellici, and
Thayer 1995; WSRC 1996~ 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 4-1O).
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 Cretaceus, Tertiary, and Quarternary 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)

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
bemeen tbe geological formations and hydros-
tratigraphic nomenclature.

The Floridan aquifer system includes mo 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 1996Q.

The water table aquifer is comprised of the To-
bacco Road Formation, the Dr” Branch Forrrra-
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-
bume, and possibly Williamsburg Formations,
depending upon the SRS area. Section 4.1.1,1
contains descriptions of these sedimenta~
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., at F-
and H-Seepage Basin Areas).

L-Area is situated above a groundwater divide,
flowing eitier 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 4-11 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 Qnality

In most of South Carolina, including the SRS,
the quality of the groundwater, is generally very
good. The pH range for SRS groundwater is
4.9 to 7.7, and the water is generally soft. Con-

TE

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

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-
abili~ 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 cunent 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. Contaminant
releases to the subsrsfiace at SRS have not mi-
grated offsite (DOE 1995c).

Groundwater Use

In the area sumounding SRS, groundwater is
used for domestic and industrial pu~oses. 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 cubic
meters) per year (DOE 1987a). Groundwater is
the only source of domestic water at the SRS,
with treatment required for pH and iron. Al-
most every major operating area has groundwa-
ter production wells. The total SRS
groundwater production is 9 to 12 million gal-
lons (34,000 to 45,000 cubic meters) per day
(Amett, Mamatey, and Spitzer 1996). On the
SRS, only the deeper aquifers provide drinking
water and also water for some industrial uses.
Off the Site to the north, the Water Table Aqui-
fer is the source of drinking water a.)d other
municipal purposes (DOE 1987a). Southeast of
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Table 4-1. Water table aquifer.

Property L-Areaa SRSStreamsandParPondb

Hydraulic conductivity 1.11 -2.52 feet perday 16.4x 10-2 -39.37 feetper day
(0.34-0.77 meter per day) (5.5x 10-2 -12.3 meters perday)

Porosity 0.20-0.25 0.20-0.25

Hydraulic gradient 0.011-.013 foot per foot Not repofled
(0.0033-0.040 meter per meter)

Trammissiviry Not reporred 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.

PrOpeW L-Area SRSstreams ParPond

Hydraulic co”ductivitya 24-41 feet per day

(7.32 -12.5 meters per day)

Porosirya Average 33.5%, Range 26-
38%

Tramrnissivity GSAb: 1,292-2,562 square feet
per day

(120 -238 square meters per
day)c

a. Source: Aadlsnd, Gellici, snd Thayer (1995).
b. GSA= General Separations Area.
c. Source: WSRC (1996e).

24-41 feet per day 35 feet per day

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

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

GSA: 1,124-2,562 squsre feet Par Pond: 2,116 square feet per
per day day

(12,099 -25,578 square meters (196.6 square meters per day)
per day) P-Area: 13,400 square feet per

C-Area 68.2 square feet per day
day (1,245 squme meters per day)

(734 square meters per day)

ITE

the Site the primary drinking water aquifers are
the first confined aquifer snd 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 pofliOns 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 faciliV. The wells have 500-gaIlon-per-

minute (0.032 -cubic-meter-per-second) pumps
but produce only 200 to300 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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4.1.3.2 Environmental Impacts

4.1.3.2.1 No Action

Under this alternative, DOE would maintain
L-Lake inits current state. Thewatertableaq-
uifer gradient, Ievel, 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 ofwater from the River
Water System does not occur at L-Reactor but
dowrrgradient of L-Reactor at the L-Lake outfall
and, therefore, wordd not mobilize contaminants
inthewater 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 tie exist-
ing pumps screened into the deeper aquifers
(Crouch Branch and M.Queen 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 (0.0 13
cubic meter per second) for each area.

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 incre~se ap-
proximately 12 percent (Halliburton M S
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) wouldbe21 years to
L-Lake compared to 18 years to natural Steel
Creek level (DOE 1984). l,,

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 dowrrward flow into the first confined aqui-
fer below the dam.

As compared with the No-Action Alternative, ITC
this alternative would cause a further increase at
K- and L-Areas in the demand for groundwater
from the deeper aquifers of up to 200 gallons
per minute (0,0 13 cubic meter per second) at IL12.0

“1each 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 his
alternative,

4.1.4 ~ RESOURCES

4.1.4.1 Affected Environment

4.1.4.1.1 CIimate 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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4.1.3.2 Environmental Impacts

4.1.3.2.1 No Action

Under this alternative, DOE would maintain
L-Lake inits current state. Thewatertableaq-
uifer gradient, Ievel, 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 ofwater from the River
Water System does not occur at L-Reactor but
dowrrgradient of L-Reactor at the L-Lake outfall
and, therefore, wordd not mobilize contaminants
inthewater 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 tie exist-
ing pumps screened into the deeper aquifers
(Crouch Branch and M.Queen 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 (0.0 13
cubic meter per second) for each area.

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 incre~se ap-
proximately 12 percent (Halliburton M S
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) wouldbe21 years to
L-Lake compared to 18 years to natural Steel
Creek level (DOE 1984). l,,

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 dowrrward flow into the first confined aqui-
fer below the dam.

As compared with the No-Action Alternative, ITC
this alternative would cause a further increase at
K- and L-Areas in the demand for groundwater
from the deeper aquifers of up to 200 gallons
per minute (0,0 13 cubic meter per second) at IL12.0

“1each 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 his
alternative,

4.1.4 ~ RESOURCES

4.1.4.1 Affected Environment

4.1.4.1.1 CIimate 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 arerelatively 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 ofien 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. As a 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
occur on average less than once a year (Hunter
1990).

Outbreaks of severe thunderstorms and torn-
adoesoccur 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 annual 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
199S). 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, and
August (Shedrow 1993). On average, lightning
flashes will strike six times per year on
0.39 square mile (1 square kilometer) of ground
(Hunter 1990). 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, G~o}gia, beween 1950 and 1994 was
62 miles (100 kilometers) per hour ~OAA
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 as
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Table 4-3. Monthlv ureciDitation amounts forthe Savmnah River Site. a,b,c.,.

Month Average Maximumd Minimumd

January 4.17 10.02 (1978) 0.89 (1981)

February 4.61 7.94 (1956) 0.94 (1968)

March 5.02 10.96 (1980) 1.31 (1985)

April 3.49 8,20(1961) 0.57 (1972)

May 4.23 10.90 (1976) 1.33 (1965)

June 4.36 10.89 (1982) 1.54 (1979)

July 5.02 11.48 (1982) 0.90 (1980)

August 4.85 12.34 (1964) 1.04 (1963)

September 3.74 8.71 (1959) 0.49 (1985)

October 2.49 10.86 (1959) 0.00 (1963)

November 2.60 6.46 (1957) 0.21 (1958)

December 3.63 9.55 (1981) 0.46 (1955)

Annual 48.21 73.47 (1964) 28.82 (1954)

a. Source: Hunter (1990).
b. Total inches, water equivalenC toconvefi inches tocentimeters, multiply by2.54.
c. Period of record, 1951-1987.
d. Yearofoccurrence given in parentheses.

high as 150miles (240 kilometers) perhour
(Shedrow 1993).

Thi~-six hurricanes caused damage in South
Carolina between 1700 and 1992 (Shedrow
1993). Theaverage frequency ofoccumenceof
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 as27years. Eighty percent of these humi-
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 the5-year period from 1987 through
1991. This figure indicates thattheprevailirlg
winds are from the south, southwest, west, a ~d
northeast. Winds from thesouth, southwest,

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

The average wind speed for the 5-year period
was8.5miles (14kilometers) per hour. Hourly
averaged wind speeds less than 4.5 miles
(7.2 kilometers) per hour occumed about
10percent 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
predetermined byatmospheric 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 onspecific parameters such asvege-
tative cover, soil crusting, soil particle size,
wind speed, and air dispersion coefficients.
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The ability of the atmosphere to disperse air
pollutants is frequently expressed in terms of the
seven Pasquill-Gifford atmospheric turbulence
(stability) classes A through G. DOE has de-
temrined 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, occumed 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 urmrium in soils, mmrmade
radiormclides such as fallout from zruclear
weapons testing, and emissions from coal-tired
andnuclear powerplarrts. DOEoperatesa 35-
station atmospheric suweillance program at the
SRS, with stations inside the perimeter, on the
perimeter, aud at distances as fm as 100 miles

(16 1 kilometers) from the Site (Amett,
Mamatey, and Spitzer 1996).

Routine SRS operations release gases and par-
ticulate that emit alpha- and beta-gamma ra-
diation. DOEuses gross alpha andnonvolatile
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 arrd nonvolatile beta radio-
activity measured at the SRS arrd at distarrces of
25 to 100 miles (40 to 161 kilometers) from the
Site. Theresults show no significant differ-
ences between onsite locations near operating
facilities and those at the site perimeter rmd be-
yond(Amett, Marrratey, and Spitzer 1996). The
1994 results show woss alpha concentrations
dropping tonearthe 19901evels. Thecauseof
thehigher levels beween 1991 and 1993 isun-
krrown, but modifications to the arralytical pro-
cedures are likely (Amett, Mamatey, and
Spitzer 1996),

Tritium (predominantly as water) is the only
radionuclide detectable at smd beyond the SRS
boundary. Tritium isreleased from routirreop-
erations at the separations areas, arrd in smaller
amounts from thereactor areas arrd D-Areas.

Table 4-4. Average ~ossalpha mdgross be@measured inair(microcuries permilliliter), l99O-l995.

Average gross alpha

Locations 1990 1991 1992 1993 1994 1995

On Site 1.3. 10-15 2.5 x 10-15 1.8 x 10-15 1.9 x 10-15 1.4 x 10-15 1.5 x 10-15

Site perimeter 1.1 x 10-15 2.6 X10-1~ 1.8 X10-15 1.8 x 10-15 1,4 x Io-lj 1.4 x 10-15

25-mileradius 1.0 x 10-15 2.5 X10-15 1.7 x 10-15 1.8 x 10-15 1.4 x 10-15 1.4 x l~lj

100-mileradius 1.3 x 1o-15 2.6 x 10-15 1.7 x 10-15 2.0 x 10-15 1.8 x lo-lj 1.6 x 10-15

Average gross beta

Locations 1990 1991 1992 1993 1994 1995

On Site 1.8 x 10-14 1.8 x 10-14 1.9X l&14 1.8 X 10-14 1.7 x 10-14 1.8 X 1&14

Site perimeter 1.8 x 10-14 1.8 x 10-14 1.9 x 10-14 1.9X 1&14 1.8x 10-14 1.8 X 10-14

25-miIe radius 1.8 X10-14 1.8 X10-14 1.:’x 10-14 1.8 x 10-14 1.8 X10-14 1.8 x 10-14

100-mileradius 1.9 x 10-14 1.8 X10-14 1.7 x 1O-I4 2.0 x 10-14 1.8 X10-14 1.8 X10-14

TE

l,,



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-

TE mospheric releases for tritirrm, 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 reieased 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 airborne emis-
sion standard of 10 millirem-per-year due to
radioactive emissions from DOE facilities
(40 CFR61, 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 Bamwell and Aiken
Counties. These monitors classifi 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
(PM1 o)], carbon monoxide, ozone, and lead
(SCDHEC 1996b].

The only criteria pollutant potentially affected
by the actions proposed in this EIS is PM1o due

to the res ,Ispension of dried lakebed sediment.
Calculated maximum boundary-line PM1o con-

centrations from existing SRS operations are

50.6 and 2.9 micrograms per cubic meter for a
24-hour and annual averaging time respectively
(DOE 1995c). The maximum observed 24-hour
and annual average PM10 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 fiat 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

~~ Tbe shutdown and deactivation of the River
Water System would cause the level of water in
L-Lake to recede as discussed in Section

TC 4.1,2.2.2, and the Iakebed 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 srrr’facearea to windbome air crn’rents (Ross
1996; Jones and Lamarre 1994). Winds could
resuspend dried lake basin sediments (DOE
1996c; PRC 1996).

The amount of airborne contamination resulting
from the exposure of the dried lakebed to air-
borne cuments would depend on such parame-
ters as tbe types and quantities of contamination
in the sediment, the size of the dried Iakebed
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. ‘f’belevel ofcontaminants tbatcould
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 particrdates 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
mansported to the site boundq. 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.

I

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

Modeledmairrrurn air Maximumallowable
Noruadiological concenmationa

Constituent
concentration

(ptim3) (y@m3)
Andrnony 8.6 X 106 2,5

Arsenic 2.2 x lP5 1.0

Beryllium 2.9 x 1b6 0.01

Catilurn 1.3x1b6 0.25

Lead 1.8X l&5 1.5(calendarquarter average)

Manganese 3.8x 107 25

PMIo(c) 1.2 50 (annualaverage)
150(24-houraverage)

a. DOE assumed30 dlsrurbancesper month (i.e., once per day) of the Iakebed so that the calculated air concen-
mation is an upper bound of the concentrationover any drrreperiod(e.g., week,month, year).

b. Source: SCDHEC(1976).
c. PMIOis particulatemafierWitha diameterof 10 microns (0.00001m) or less.

—



DOE/EIS-0268

TabIe 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 (Dcilm3) (mremlyr).. ,

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

cobalt-60 1.1 X1 O-7 1.6 X1 O-6

plutOnium-239 7.9 x 10-9 3.5 x 10-j

pmmethium-146 7.9 x 10-9 9.5 x 10-9

umrrium-233 9.6 X 10-7 9.3 x 10-5

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

radium-225 4.5 x 10-9 I.8x1O-7

actinium-225 4.5 x 10-9 3.ox1o-8

a. DOE assumed 30 disturbances per month (i.e., once per day) of the Iakebed so that tbe 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
4.1.5, 4.2.5, and 4,3.5, in accordance with the
requirements of 10 CFR 1022. The floodplain
and wetlands assessment required by 10 CFR

1022 is included in these sections. Sec-
tion 4.3.5.3 discusses threatened and endangered
species separately because several, such as the
bald eagle md wood stork, range widely, and
thus are not restricted to a particular drainage
basin or reservoir. They also warrant additional
consideration because they are protected by
Federal law and therefore have special status
under 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 amphibi.
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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TabIe 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 (Dcilm3) (mremlyr).. ,

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

cobalt-60 1.1 X1 O-7 1.6 X1 O-6

plutOnium-239 7.9 x 10-9 3.5 x 10-j

pmmethium-146 7.9 x 10-9 9.5 x 10-9

umrrium-233 9.6 X 10-7 9.3 x 10-5

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

radium-225 4.5 x 10-9 I.8x1O-7

actinium-225 4.5 x 10-9 3.ox1o-8

a. DOE assumed 30 disturbances per month (i.e., once per day) of the Iakebed so that tbe 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
4.1.5, 4.2.5, and 4,3.5, in accordance with the
requirements of 10 CFR 1022. The floodplain
and wetlands assessment required by 10 CFR

1022 is included in these sections. Sec-
tion 4.3.5.3 discusses threatened and endangered
species separately because several, such as the
bald eagle md wood stork, range widely, and
thus are not restricted to a particular drainage
basin or reservoir. They also warrant additional
consideration because they are protected by
Federal law and therefore have special status
under 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 amphibi.
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
headwaitersdraining 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 certt~era) becomes domi-
nant. Some oaks, such as water oak (Quercus
rri~a) 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 (Diospyr.os virginiana),
as well as yellow jessamine (Gelsemium sem-
pemirens), Japanese honeysuckle (Lorziceraja-
ponica), broomsedge (Andropogon virginicus),
and an occasional bear-grass (Yucca jlamen-
toss).

On the east side of the reservoir, tbe pines are
mostly long-leaf (P. pahsstris) with some lob-
Iolly 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.
raeda) and were established from 1947 to 1957
(SRFS 1997). A couple of small inclusions of
Ioblolly 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 styrac,jlua), tulip poplar
(Liriodendron tulip~era), Nuttall oak (Q. nut-
tallii), and wilIow (Sa/ixspp.). At elevations
immediately above these wetlands are slash and
long-leaf pines that were planted in the 1950s
(SRFS 1997).

At the north end oftfre 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. Tbe
uplands on the east side of the headwaters are
dominated by Ioblolly 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 (Baprisia Iarzceolata) 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
~o 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
prote :tion 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 36species of snakes,
26 frogs and toads, 17 salamanders, 12tmtles,
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 suweyed
before tie 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 resemoir
altered amphibian and reptile community stmc-
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 suweys suggest that amphibian and tunle
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 (Wikeet al. 1994). Three species of
salamanders that were abundant in the upper
Steel Creek area in 1981 and 1982, the mole
salamander (,4nrby~tonra taipoidezrm), marbled
salamander (Ambystoma opacum), and dwarf
salamander (Euiycea quadridigitata), were pre-
sent inmuchlower numbersin 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 bythewaters of L-Lake. Sev-

eralfrog species commonly collected in 1981
and 1982, inchsding the southern leopard frog
[Rana utricularia (R. spherrocephala)], green
tree frog (Hyla cine?ea), and southern cricket
frog (Acris W1lUS) 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.), ~dcottOnmouth’’moccasins”
(Agkistrodonpiscivorous) after tie impound-
ment of Steel Creek possibly led to the decline
in frog populations. In addition, severaltur-ties
[e.g., the eastern mud turtle (Kinosterrron
subrubrum) and Florida tooter (Pseudemys
flo~idana)] that were abundant in Steel Creek in
the early 1980s either did not occur or were un-
common inthe L-Lake area bythe 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 afier its creation, Some of the lizard
species that prefer drier habitats, such as the
six-lined race mnner (Cnemidiphorus sexlinea-
trrs), generally decreased innumbersfiom 1987
to 1989, butthedecrease might bedue to natural
variability (Scott, Patterson, arid Giffin 1990),
Almost all snake species captured in 1981 and
1982 were collected in higher numbers in 1986
through 1989 after thereservoir was created. In
addition, several other reptile species appear to

Table 4-7. Number ofamphibian andreptile species collected from Steel Creek adlowerreachesof
L-Lake before and after the creation of L-Lake.

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 6 -1 6
Snakes 7 10 10

Total 45 35 26

Sources Smiti, Shmitz, and Gladden(1982); Scon, Pa~erson, mdGiffin(l99O),
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have benefited, Or are presumed to have bene-
fited, from the ~onstmction of L-Lake, These
species include the American alligator
(Alligafor rrrississipierzsis),snapping turtle
(Chelydra serpentine), softshell turtle (Apalone

sPP.), and yellow-bellied slider (Chrysemys
scripts), 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 sumeys of birds in the Steel
Creek watershed prior to the constmction of
L-Lake (Smith, Sharitz, and Gladden 1981).
More than 90 species were identified, including
a variety of common native songbirds [Carolina
wren (Thiyothorus Iudoviciarrus),northern car-
dinal (Cardirraliscardinals), northern mock-
ingbird (Mimuspolygloftos)], neotropical
migrant songbirds [prothonotmy warbler
(PrOtOnOtariacitrea), summer tanager (Pirar2ga
rubra), red-eyed vireo (Vireo olivaceus)], birds
of prey [red-tailed hawk (Buteojarrraicensis),
barred owl (S@ixvaria)], upland game birds
[nofiem bobwhite (Colimfs virgirziarrus),wild
turkey (A4eleagris gallopavo)], and wading birds
[great blue heron (Ar-deahei-odias) and great
egret (A. alha)]. Three species – white-eyed
vireo ( Vir-eogriseus), 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 Giffirr 1990; Bildstein
et al. 1994).

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

TE

(Du Pent 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 arrd adjacent
swamp forests were used extensively by forag-
ing mallards (Arrasplatyrhyrrchos) and wood
ducks (Aix sporzsa)(Du Pent 1987a). Other
waterfowl commonly observed in the Steel
Creek delta in the 1980s included black ducks
(Arias rubripes), blue-winged teal (Arias dis-
cors), and hooded mergansers (Lophodytes cu-
crdlatus).

The completion of L-Lake in 1985 provided
additional habitat in the Steel Creek drainage for
wintering waterfowl and other waterbirds.
Numbers of waterfowl 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 (Aythya
atinis) ( 1,609 observed), followed by mallard
(818), bufflehead (Bucephala albeola) (180),
and ruddy duck (@urajarrraicensis)(121 ).
Numbers of “water-dependent” birds such as
coots (Fulica Americana), cormorants
(Phalacrocorax sp.), and grebes (Podifymbus
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 Giftin 1990).

Kenrramer (1994) presents data on wintering
waterfowl use of SRS reservoirs from 1982 to
1994. Four diving duck species – lesser scaup,
ring-necked duck (Aylhya collaris), ruddy duck,
and bufflehead – dominated aerial counts of
waterfowl. In tbe first several years after L-
Lake filled, ducks continued to use Par Pond
heavily and use L-Lake very little. By 1988-
1989, ho vever, L-Lake was used by several
thousand wintering water-fowl. The total num-
ber of waterfowl wintering on the SRS did not
increase over this period: the increased use of

L7-B
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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-

L7.0$ fowl (particularly ring-necked ducks and lesser
L11.08 scaup) showed a pronounced preference for

L-Lake. This shift in usage was attributed to the
decimation of the Corbicula (Asiatic clam)
population in Par Pond caused by the rapid
drawdown. Corbicrda 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, waterfowl use of Par Pond increased as its
water level stabilized and aquatic vegetation and

~c 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 19S8)
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 (Egrerfa thula), little
blue heron (E. caerulea), tricolored heron
(E. &icolor-), green-backed heron, and wood
stork (Mycleria arrzericana)]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
could be related to the attractiveness of the res-
ervoir “asa foraging area fBildstein et al. 1994).
L-Lake provides ideal co,]ditions 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 cirrereoargerrteus), white-
tailed deer (Odocoileus virginiarzus),feral swine
(Ssssscrofa), raccoon (Procyon Iotor), beaver
(Castor canadensis), oner (Lut.a canaderrsis),
muskrat (Ondatra zibefhicus), opossum
(Didelphis virginiana), striped skunk (Mephitis
mephitis), and bobcat (FeIti rufus) (Smith,
$haritz, and Gladden 1982). Marry 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
SCOOO0175,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 biological
community in the lower half of the reservoir or
in Steel Creek. As a result, the water quali~
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 Cleao
Water Act Section 316(a) Demonstration
(Gladden et al. 1989), a series of biological
monitoring reports (Carson and Cichon 1993;
Westbury 1993; Bowen 1993Lb), several jour-
flal articles (e.g., Paller, Gladden, and Heuer
1992), and a number of monographs (e.g., Bow- c
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 phyo-
plrmkton was dominated by the blue-green alga,
A4icrocystis 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 temrs 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-
tlrough densities of rotifers and crustaceans
were similar to other lakes in the region, proto-
zoan densities were a@ically 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 be~een 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 zoopiankton size corre-
sponded with increased pressure from fish pre-
dation. Feeding by larval and juvenile fish

appeared 10place strong pressure on zooplank-
ton communities in tbe summer, and the pres-
ence of larger cladocerans was correlated with
the abundance of threadfirr shad both seasonally
and from year to year. Threadfin shad, which
are members of the clupeid (shad and herring)
family, typically feed on zoopkmkton 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 zooplarrkton communities (Brooks
and Dodson 1965).

Benthic Macroinvertabrates

Specht (1996) conducted sumeys of L-Lake
benthic macroinvertebrates in September 1995
and compared measures of density, relative
abundance, and communi~ 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) deptis changed little. The relative
abundance of larval chironomids of the group
Chironomini declined substantially, while those
of the group Tarrytarsini increased. Amphipods
(microcrustaceans), oligochaetes (aquatic
earthworms), Turbellaria (flatworms), bivalves
(especially the Asiatic clam Corbiculaflu-
rnirrea),and the phantom midge larvae
(Chaoborus purrcfipennis) 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 berrthic 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 attache+ algae as juveniles and become

oPPoflunistic 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,
inpart, to the establishment ofaquatic 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 macro invertebrates (eg., 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 (Mlnshall 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
juvenile bluegill (Lepomis rrzacrochirus) in the
fall of 1985 and 4,000 juvenile largemouth bass
(A4icroplerus salrrroides) 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 \,ertebrate prey, and adapt readily to a vari-
ety of Ientic 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 stmcture 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 (PI, 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 tish collected. Redbreast were still corn.
mon (16.1 percent of all fish collected) but were
only half as abundant as they were in Period 1.
Two other native Lepomids, the spotted sunfish
and the dollar sunfish, declined in abundance,
unable to compete with bluegill and redbreast,
which are better suited for reservoir life.

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 largemoutb bass)
adapkd to resewoir life were stocked in L-Lake
in 1985 and 1986 and rapidly out-competed the
smaller-bodied (and slow-growing) insectivores
(e.g., mosquitofish, shiners, and brook silver-
sides) 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 Iargemouth bass stocked in the
spring of 1986. The juvenile largemouth bass
stocked in 1986 would have been large enough
to feed on mosquitofish, shiners, and silversides
by their second year (1987) in the reservoir
(Carlander 1977).

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

July -
January July 1986- August 1987- December November
June 1986 July 1987 June 1989 1989 1995

Species PI P2 P3 P4 P5

Bluespotred sunfish Enneacanthuszloriosus 0.2 <0.I 0.0 <0.1 0.0
Bluegill

Brook silverside

Brown bullhead

Chain pickerel

Coastal shiner

Creek chubsucker

Dollar sunfish

Flat bullhead

Gizzard shad

Golden shirrer

Ironcolor shiner

Lake chubsucker

Largemouth bass

Easrem mosquitofish

Northern hogsucker

Redbreast sunfish

Spotted sunfish

Threadfm shad

Warmouth

Yellow bullhead

Yellow perch

Lepomismacrochirus
Labidesthessicculus
Ameiurusnebrdosus
ESOXniger

Notropis petersoni

Erimyzon oblongus

Lepomis marginatus

Ameiurus plarycephalus

Dorosoma cepedimrum

Notemigonus crysoleucas

Notropis chalybaeus

Erimyzon sucetta

Microptems salmoides

Gambusia holbrooki

Hypentelium nigricans

Lepomis auritus

Lepomis puncintus

Dorosomapetenense

Lepomis grdosus

Ameiurus natalis

Percajlavescens

Source: Paller (1996).
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0.5 0.4
0.7 0.8
0.1 0.4
0.0 0.0
0.0 0.0
4.2 2,9

<0.1 0.0
0.0 0.0

24.5 27.1
0.2 <0.1

23.2 49.9
0.4 0.4
0.2 0.1

<0.1 0.3

12.3

28.5

0.3

4.0
13.3
0.0
0.3
0.0
1.3
1.9
0.0
1.4
4.0
0.0
0.0
9.8
1.8
0.0
2.7
0.2

17.6

of Iargemouth bass. Many of the small stream
arrd 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 abundarrce (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 nmnbers.

By late 1995 (Period 5), the community struc-
trrre of L-Lake fish had changed markedly. A
number of the resident strearrr 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 arrd 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 shifis in spec.ss 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 waterin 19860r1987(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 threadtin
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 Period5(1995) was pronounced, with
several of the original stream species (e.g.,
coastal shiner and brook silverside) reappearing
in significant numbers and tireadfin 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.

Exarrrination 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 (br ~oksilver-
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,
arrd 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) arrd continued to increase
tirough 1991. Among the most abundant spe-
cies were eelgrass (Vallisneria americarra), 10-
hrs (Nelumbo lutes), arrd pondweed
(Potamogetorr divers~olius).

Although the exparrsion of aquatic vegetation
throughout the littoral zone of L-Lake explains
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 ofthreadfin shad because shad were
abundant during Periods 3 and 4 when large-
mouth bass were well established and abundant.
Lack of food probably contributed to the decline
of threadfin shad in L-Lake (Pailer 1996).
Analysis of the contents of threadfin shad giz-
zards in 1988 arrd 1989 indicated that algae
comprised a large part of their diet. The starrd-
ing crop of phytoplanktonic algae (as indicated
by chlorophyll-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 199o marry micfocrustaceans were compara-
tively rare (Wike et al. 1994).
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Several factors probably contributed to declines
in phytoplankton arrd 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 dom in mid-1988, reducing
nutrient loading.

Entrainment and Im~ingement of Fishes

In early 1988, when K-, L-, aud P-Reactors last
operated, the maximum rate of river water with-
drawal at the 1G arrd 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 arrestimated
18 million fish Imae and 9 million fish eggs
entrained annually during the spring arrd
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 EISfor 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 lG and 3G Pumphouse
intakes in the 1980s indicated that approxi-
mately 6,000 fish were lost to impingement an-
nually. Sunfish (blue spotted sunfish, redbreast
sunfish, and w~outh) and shad (threadfin ~d
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 futrsre status (Amett,
Mamatey, aud Spitzer 1995). As of 1994, four
reactors were shut down permanently aud 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 level>
auxiliary equipment cooling in K-, L-, and P-
Areay tire protection in K-, L-, aud 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 mrd cable
rights-of-way. Between 735 and 1,015 acres
(3.0 and 4.1 square kilometers) of wetlands in
tie Steel Creek corridor, Steel Creek delta, and
the Savamrah 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 smdies
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 barrd of
alder (Alrrw spp.) bordering the stream with
other woody species such as sweetgum
(Liquidambar styrac,flua) arrd red maple (Acer
rubra) occuming on the banks. As tie stream
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corridor became broader farther south, wax
myrtle (Myrica cerz~era), willow (Salix spp.),
arrd blackbeny (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 tie 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 bottom larrd 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
hike 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 to 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
eta]. 1994), Trees inthefloodplain 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 (McCor-t, Lee, and Wein 1988;
Westbury 1993).

Although DOE intended that L-Lake be used to
mitigatetbe impacts of thermal effluent from
L-Reactor on Steel Creek arrd the Savannah
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 natu-
ral succession by planting wetland vegetation
within the cooler southern end of L-Lake inarr
effort to establish a Balanced Biological Com-
munity more quickly. Wetlands and vegetation
play importarrt roles in nutrient cycling, sedi-
merit retention, arrdshoreline stabilization, arrd
are a major factor in establishing a Balanced
Biological Community. The establishment of
wetlarrd/littoral vegetation provided ( 1) organic
matter for soil development and decomposes;
(2) substrate for attached algae; (3) habitat for
aquatic insects and other macroinvertebrates;
arrd (4) cover and food for fish and wildlife
(Wein, Kroeger, arrd Pierce 1987).

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

WetkmdUpe Mapping mrit

Aquatic Bed

Scrub-sbmb- Broad-leaveddeciduous

Forested- Broad-leaveddeciduous

Forested- Broad-leaveddeciduous

Forested- Broad-leaveddeciduous

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

Open water

Alnus serruiofa

Salk sp.

Alnus semdata-Myrica cerlfera

Liquidambar slyracI~ua-Acer rub um-Salti 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 macroph~es 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-shmb zone, formed by trees,
shrubs, and some emergents lies above the wa-
terline up to 3 feet ( 1 meter) aLmvemean 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 lati~olia),
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
submersetifloating-leaved, emergent, and upper
emergent/shrrrb zones of L-Lake (Kroeger
1990). Of the nine species planted in the sub-
mersed and floating-leaved zone, American lo-
tus (Nelumbo Iutea) 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. lutes along
with cattails (Typ/raIatlfolia) 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., X latz~olia,Hydro-
cotyle umbellata, V.amer-icarra,and the Pani.
currr/,Sacciolepisgroup of grasses accounted for
the increases. N. lutes 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, 8S 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 pkmted in the upper emergendshrub
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 plarrted
areas was 55 percent in 1989. Changes in spe-
cies from 1987 to 1989 included major growth
of willow (Sa/ix nigra) shoots, decreases in
relative frequency rmd cover of shoreline
grasses, asr increase in frequency and cover of
Parricurrr/Sacciolepis,and a decrease in fre-
quency arrd cover of T Iadfolia. S. rrifla, and
the Panicurrr/SacciOlepsisgrasses were the most
important species in this vegetation zone. The
emergents, Juncus efisus, Polygonum spp.,
Sagittaria latl~olia,and T lati~olia, were also
important species in this zone. In unplanted ar-
eas, facultative emergent and terrestrial species
were the most importmt components. No Jun-
cus, Polygonum spp., or Panicurrr/SacciO1epsis
were found. S. rrigrahad a higher frequency in
the unplanted areas than in the planted areas
(Wike et al. 1994).

Discussions of changes in species composition
arsd 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 mrd 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 Jarru-
ary 1986 through December 1992 period.

In the first 5 years (1986 through 1990) after the
creation of L-Lake, plarrt community develop-
ment was limited to emergent aquatic macro-
phytes and wetland plants near the shoreline, In
1991 and 1992, submersed and floating-leaved
macroph~es such as K americana and Pota-

mogeton divers l~olius 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 Wein
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 aud Wein found that shallow water [less
than 13 inches (33 centimeters) deep] and the
shoreline above waterline had more terminable

‘c seeds and a greater number of tsxa than water
deeper than 13 inches. The study concluded
that periodic drawdown, may enharrce seed bank
and vegetation development in a reservoir such
as L-Lake by redistributing seeds with the
charrging waterline and by allowing input of
seeds of facultative wetland species (Collins and
Wein 1995).

A recent mapping effort by Savarmah River
ECOIO=WLaboratory 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-
Ieaved arsdemergent vegetation were mapped
using Global Positioning System data collected
during the summer of 1996. Table 4-10 lists the
classes of vegetation and area of coverage for
each. The dominasrt species in the submersed
aquatic class were V.americana,
P. diverslfoiius, and Myriophyllum aquaticum,
N. lures was the predomirrrmt floating-leaved
wetland species. The emergent class ofvegeta-
tion was dominated by T latt~olia,
P. hemitomon, Eleacharis quadrangrdata, arrd
Hydroco~le umbetlata.
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Table 4-10. Aquatic macrophyte coverage of L-Lake, 1996a

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) 2.5

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 nnrmal cycles of abundance
caused by disease outbreaks, predator-prey in-
teractions, and variatinn in the availability of
food and other resources.

Aquatic Ecolofl

Under the No-Action Alternative, DOE would

continue to maintain L-Lake at its cument 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 tilling, then
reach trophic equilibrium with relatively stable
aquatic communities that show typical seasonal
fluctuations in abundance and biomass. Sum-
mer is typically the period of peak productivity

and late winter the period of lowest productiv-
ity. The productivity of L-Lake has been

maintained by the continuous pumping of nutri-
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 Savammh
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 lmval fish were en-
trained and thousands of adult fish were im-
pinged annually, Based on studies conducted
from 1983 through 1985, a withdrawal nf
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-JuIy 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 Altern-
ative. Because use of the smaller (5,000 -ga110n-
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).



Wetlands Ecology

Under the No-Action Alternative, wetland
vegetation along the shoreline of L-Lake would
show subtle changes in community structure
(i.e., species dominance) caused by year-to-year
variation in rainfall, runoff, and other natural
influences. There probably would be continued
expansion of littoral wetlands, partic-ularly in
the southeast region of the reservoir.

4.1.5.2.2 Shut Down and Deactivate

Terrestrial Ecolon

This alternative would affect semiaquatic and
terrestrial animals that depend on L-Lake for
critical habitat needs such as breeding and

‘c 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

~phibims, 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 maybe
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

~E 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 R}ver 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

TI

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 Iakebed. 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 Iakebed. 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 ~om a plankton-based system (in
which energy flowed by photosynthetic activity
from phytoplankton to zooplankton to plank-
tivorous fish to carnivorous fish) to a detritus-
based system (in which energy is transferred
from nonliving organic matter to detritas-
feeding organisms and their predators).

The L-Lake watershed would supply much
lower levels of nutrients to L-Lake than water
pumped from the Savamrah River. L(rwer rates
of nutrient loading usually result in Ie.:sproduc-
tivity, improved water clarity, and less
zooplankton, phytop lankton, macroinvertebrate,
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and fish biomass. Similar effects would occur
in the periph~on 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 tbreadfin 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 ofphytoplankton 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.

Suwiving 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). Bentbic 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 drawdowrr include dessication of
algae and aquatic vascular plants that supply
benthic organisms with food and shelter. Ex-
posed periphyton maybe killed in a matter of
days, while expOsed vascul~ pl~ts may live for
several mOnths, depending Ontempera~re 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 (periph~on). 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 iakebed 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 elms were particularly hard hit.
The inmoduced clam CorbiculaJurrzirzea,which
is widespread in L-Lake, is incapable of long
downslope migrations (Folsom 1983). When
exposed to air, most Corbicula die witbin a few
days. Survival is dependent upon temperature
and humidity, with clams surviving an average
of 27 days at 20”C and high humidi~ and only
7 days at 30”C and low humidity (Folsom
1983). Large clams can suwive longer than



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 orprolonged reservoir drawdown. This
could have short-temr impacts on fish and wa-
terfowl that feed heavily on Corbicula. Because
of the species’ high reproductive potential, sta-
ble water levels in the spring or fall could pro-
ducearapid population expansion. Thus, cycles
of increased and decreased abundance of Cor-
bicula as the reservoir recedes probably would
occur until dissolved oxygen levels becarrre
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 ofprofundal 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 olignchaetes and certain lwal
dipterans were stable or increased, while densi-
ties of mayflies (Ephemeridae and Baetidae) de-
creased. The littoral-zone benthos showeda
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 )foundthat oligochae-
tes became relatively more abundant in years
with low water levels in Lake McIIwaine, 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 Iittnral 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 tish 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 strearrrside vegetating
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, backw-
ater 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 cattish (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 WO1I.d
completely eliminate entrainment and impil,ge-
ment and could have a small positive impact on

4-54

I
I
I
I
1
1
I
B
I
I
I
I
I
I
I
I
[
1
I



I
I
I
I
I
I
I
I
1
1
1
I
I
1
1
I
1
I
B

DOE/EIS-0268

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 bottomlarrd hardwood
swamps along the Savannah River and its
tributaries arrd Carolina bays. Water levelsin
the bottomland hardwood swanrps fluctuate on
an annual cycle, with levels declining during the
spring and summer arrd rising during the winter.
Short-term fluctuations such as floods in the
spring arrd long-term fluctuations such as
droughts that extend over several growing sea-
sons produce some variation in the “normal”
annual cycle (Sharitz, Irwin, arrd 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 starrding
water and saturated soils.

The L-Lake reservoir level simulation com-
pleted in 1994 (Jones and Lanrarre 1994) mod-
eled the reservoir level over WO different time
periods with different precipitation assumptions
(1969 through 1980 with nomal rainfall; arrd
1980 through 1990 with drought conditions).
Two models, a precipitation-based (rainfall,
runoff) model arrd a strearrrflow-based model,
were used. Assuming a sustained and constarrt
minimum release rate of 10 cubic feet per sec-
ond (0.28 cubic meter per second) into Steel
Creek arrd 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 Larnarre 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 arrd employing the

precipitation-based approach. The strearntlow-
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 arrd precipitation in
the region. These cycles of drying arrd flooding
are typical of bottomland hardwood swanrps on
the SRS arrd in the southeast.

The drought of the late 1980s allowed uplarrd
species such as loblolly pine and facultative
wetland species such as sweetgrrm 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 arrd allowed
wetland species such as brrttonbush and maiden-
cane to regain their dominarrce (Pechmanrr 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 geminate when exposed, and a dense
growth of wetland and upland species would
quickly cover the sediments (Collins arrd 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 acicrdaris, Eupa-
torium .sp., Typha ladjiolia, Polygorrum sp,,
Panicum dichotomi$orurrr, Setaria sp., and
Cephalanthus occidenta[is (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 arrd
Riley 1996).

rc
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As L-Lake recedes, the submersed and floatirrg-
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
exparrsion (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 Lamame 1994).

Wetlands sumounding L-Lake would convert to
uplarrds (through natural succession) as the lake
levels drop. Wetlarrd 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
Iakebed 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 arrd
could include a variety of other soil conserva-
tion measures, such as silt fences, sediment bar-
riers, and fabric blankets, which promote seed
groti as well as control erosion. These ero-
sion control measures would be part of a larger
effort to restore the stream ecosystem and asso-
ciated floodplain forest that existed before SRS
operations dramatically altered this ecosystem.

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 Comparry Savannah R]ver 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 implementation plan that
provides a step-by-step guide to restoring the
plant communities of the ripariarr 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 include
provisions for planting and/or transplanting
trees arrd shrubs that are likely to survive arrd
propagate in the Steel Creek floodplain. The
Mitigation Action Plan would also contain
monitoring requirements to ensure the success
of the restoration. The lack of woody vegeta-
tion in the bare Iakebed (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 arrd Deactivate Altern-
ative,except that if the River Water System was
restarted and flows to L-Lake were increased,
water levels could rise and inundate the shore-
line. If the water level rises rapidly, the upland
vegetation would die after a period of inunda-
tion. Wetland 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), The
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As L-Lake recedes, the submersed and floatirrg-
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
exparrsion (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 Lamame 1994).

Wetlands sumounding L-Lake would convert to
uplarrds (through natural succession) as the lake
levels drop. Wetlarrd 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
Iakebed 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 arrd
could include a variety of other soil conserva-
tion measures, such as silt fences, sediment bar-
riers, and fabric blankets, which promote seed
groti as well as control erosion. These ero-
sion control measures would be part of a larger
effort to restore the stream ecosystem and asso-
ciated floodplain forest that existed before SRS
operations dramatically altered this ecosystem.

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 Comparry Savannah R]ver 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 implementation plan that
provides a step-by-step guide to restoring the
plant communities of the ripariarr 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 include
provisions for planting and/or transplanting
trees arrd shrubs that are likely to survive arrd
propagate in the Steel Creek floodplain. The
Mitigation Action Plan would also contain
monitoring requirements to ensure the success
of the restoration. The lack of woody vegeta-
tion in the bare Iakebed (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 arrd Deactivate Altern-
ative,except that if the River Water System was
restarted and flows to L-Lake were increased,
water levels could rise and inundate the shore-
line. If the water level rises rapidly, the upland
vegetation would die after a period of inunda-
tion. Wetland 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), The
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Savannah K]ver 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 (3 1 kilome-
ters) south of Aiken, South Carolina, tbe nearest
major population centers.

With the exception of Site facilities, land cover
consists of a wide variety of natural vegetation
~pes, 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 kmd 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,
kinds 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 fiture use recom-
mendations. At the SRS, DOE formed the Fu-
trsre Use Project Team, which is comprised of
representatives of local stakeholder groups such
as the SRS Citizens Adviso~ 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 SM 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.

Residential uses of SRS land should be
prohibited.

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.

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.



. 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
technoloa~ development and transfer should
be expanded.

. Natural resource management should be
pursued where possible, with biodiversity
the prima~ 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, Smanrrah
River Sile (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 W-;ste Management Activities for
Groundwater Protection EIS that DOE continue
to use a 100-year institutional control period for
guiding future SRS projects that have Site spe-
cific actions (DOE 1987a).

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.

4.1.6.2 Land Use ImDacts

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 Shrrt Dowrr and Deactivate

Under this alternative, L-Lake would recede
over approximately 10 years, retumingtothe
stream flow conditions of Steel Creek. During
this period, the research and monitoring de-
scribedin Section 4.1.6.l would continue.
However, as the receding water exposed poten-
tially contaminated sediments (see Sec-
tion 4.1.8.2), the type and frequency of
monitoring would differ from current opera-
tions. Appendix A describes environmental
restoration implications and ongoing investiga-
tions associated with the cleanup of an exposed
contaminated lakebed. Additional L-Lake re-
search 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 Downand Maintain

The impacts from this alternative would be tie
same as those from the Shut Down and Deacti-
vate Alternative, except DOE could restart the
River Water System if necessary. Section 3.3.l
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 sutiace 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 4-1S 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 arrd 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 techniciarrs 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
aest letic setting of the lake would not charrge
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 10SSof wildlife
habitat arrd vegetation. Dried mud flats would
be exposed until revegetation begarr, arrd 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), rmd 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 lnkebed 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 arrd minimize aesthetic impacts:

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

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

● Seed tie 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 charrges carurot
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
~ALTH

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 fallou~ 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
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of the total annual average environmental radia-
tion dose to individuals within 50 miles
(80 kilometers) of SRS (Amett, 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 natural
radioactive materials in the ground. The radia-
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, rrsbidium-87, and daughter products of
radium-226 that people consume in food grown
with fertilizers containing these radionuclides.
The estimated average internal radiation expo-
sure in the U.S. from natural radioactivity
(primarily indoor radon daughter products) is
240 millirem per year.

Medical radiation is the largest source of man-
made radiation to which the population of the
U.S. is exposed. The average dose to an indi-
vidual from medical and dental X-rays, prorated
over the entire population, is 39 millirem per
year (DOE 1995c). In addition, radiophanna-
ceuticals administered to patients for diagnostic
and therapeutic purposes account for an average
annual dose of 14 millirem prorated river 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 occumed 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 1995c). About one-
third of this dose is from external exposure to
naturally occuming 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 1995c).

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.

Atmospheric testing of nuclear weapons depos-
ited approximately 25,600,000 curies ofcesium-
137 on the earth’s surface (DOE 1995c). 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
tntal resulting deposition was 2,850 curies on
the 10,580 square miles (27,400 square kilome-
ters) of the SavannahRiver 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 tbe 2,850 curies of ce-
sium- 137 deposited on the total Savannah River
watershed has been transported down the river
(DOE 1995c).

Onsite monitoring shows an average of 50 mil-
Iicuries 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 dom 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 Bamwell County, South
Carolina, processes depleted uranium. The
Chem-Nuclear facility, which began operating
in 1971, releases essentially no radioactivity to
the environment (DOE 1995c), and the popula-
tion dose from normal operations is very small.
The 50-mile- (80-kilometer-) 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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from atmospheric releases of 0.06 millirem per DOE conducts controlled deer and hog hunts
year (in the west-southwest sector), and a annually at SRS to control their populations.
maximum dose from releases into water of Field measurements performed on each animal
O.14 millirem per year, for a maximum total an- before its release to the hunter determine the
nual dose at the SRS boundary of 0.20 millirem. levels of cesium- 137 present in the arsimal.
The maximum dose to downstream consumers Laboratory analyses verify field measurements
of Savarmah River water, to users of the mrd dose calculations estimate the dose to the
Beaufort-Jasper public water supply, was hypothetical maximally exposed individual
0.05 millirem per year (Amett, Mamatey, and among the hunters. In 1995 this hypothetical
Spitzer 1996), hunter harvested three animals during the hunts.

The estimated dose to this hunter was based on
In 1996 the population witbin 50 miles the cesium- 137 measurements of the deer and
(80 kilometers) of SRS was 672,122 (Simpkins hog muscle taken from these animals and the
1996b). The collective effective dose equiva- consemative assumption that the hunter con-
lent to this population in 1995 was 3.5 person- sumed all edible portions of these animals
rem from atmospheric releases. Table 4-11 lists [156 pounds (70.8 kilograms) of meat]. The es-
the population distribution for the 50-mile timated dose was 30 millirem (Amett, Ma-
(80-kilometer) population. The 1990 population matey, and Spitzer 1996), which represents
of 65,000 people using water from Port Wen- 30 percent of the DOE annual limit of
hvorth (Savamrah), Georgia, and from Beaufort 100 millirem (DOE Order 5400.5).
and Jasper Counties, South Carolina received a
collective dose equivalent of 1.6 person-rem
(Amett, Mamatey, and Spitzer 1996).

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

Milesb
Direction o-5 5-1o 10-20 20-30 30-40 40-50 Total

N o 28 5,765 10,853 5,492 13,235 35,373

NNE o 6

NE o 1

ENE o 29

E o 168

ESE o 39
SE o 28
SSE o 43
s o 1

Ssw o 2

Sw o 18

Wsw o 65
w o 59

WNw o 486

NW o 293

NNw 0 393

Total o 1,659

a. source: Simpkms(1996b).
b. To convertmiles to kilometers, multiply by 1.6093.

1,430
3,191
3,387
7,308
1,686

592
423
603
972

1,023
1,195
3,591
3>621
6,393

19,535
60,715

2,238
3,172
4,858
5,748
2,093
7,055

833
1,442
2,175
2,428
7,707
8,604

115,805
95,284
29,437

299,732

4,819
5,712
5>786
9,554
2,938
7,248
1,469
7,861
4,533
2,825
2,478
8,666

54,542
28,808
7,225

159,9:6

15,572

11,053

443195

4,698

3,526

9,297

2,752

3,615

3,191

2,883

6,306

7,349

12,520

3,279

6,589

150,060

24,065

23,129

58,255

27,476

10,282

243220

5,520

13,522

10,873

9>177

17,751

28,269

186,974

134,057

63,179

672,122
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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 ~pical 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 @-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., Amett,
Mamatey, and Spitzer 1996). Each of these re-
pofis 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 tie
groundwater and drinking water in and around
process operations, burial grounds, and seepage
basins.

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.
elides 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 pIrrtonium-239 measured around F- and
H-Areas reflect releases from these areas.

Radiation Levels and Metals in ~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

‘c 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 facilities.a,b

Location Average Maximum

C-Area 78 80
K-Area 79 93

L-Area 80 87

P-Area 80 88

R-Area 79 84

a. Source: Amert, Mamatey,and Spitzer(1996),
b. one milliroentgen is approximately1millirem.
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Table 4.13. Maximum measurements of radionuclides in soil for 1995 [picocuries per gram; Oto
3 inches (Oto 8 centimeters) depth].a TE

Location StrOntium-90 Cesiurn-137 Plutonium-238 Plutonium-239

C-Area 0.00343 0.974 0.0881 0.616

K-Area 0.00290 1.01 0,0286 0.0923
L-Area 0.00300 0.152 0.0533 0.166

P-Area 0.00152 0.110 0.00144 0.0036
R-Area 0.00083 (b) (b)
Site boundary

(b)

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

(160-kilometer radius)] IT,

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

However, for the purpose of this risk assess-
ment, it is assumed that the entire creek bed
would become exposed, As a result, no credit is
taken for the shielding that this water would
provide. Appendix F provides a more compre-
hensive description of the smnpling progrsm.
Table 4-14 provides an average of all samples
that screened above EPA risk-based guidelines.
This method provides a conservative approach
toward risk determination.

DOE in 1995 collected sediment cores from
shallow and deep water locations in L-Lake.
The O-to l-foot (3 l-centimeter) segments of
these samples were analyzed for radioactive and
nonradioactive constituents and the results were
validated (Koch, Martin, and Friday 1996). In
1996 DOE collected additional surface soil and
sediment cores from the submerged portions of
the L-Lske 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 witi the Westinghouse Savannah
River Company Risk Based Activi& screening
criteria (Dunn and Martin 1997).

c

Table 4-14 lists the average concentrations of
radionuclides and metals meeting the screening
criteria for the samples tsken in 1995 and 1996.
DOE used these data for input to the Multimedia
Environmental Pollutant Assessment System
(MEPAS) computer code (Droppo et al, 1995)
for impact analysis by spatially averaging these
values over the entire I&ebed. These values
were also used for evaluations presented in Ap-
pendixes A and B.

Figure 4-22 presents acesium-13 7 isodose
contour of L-Lake.

Water ssmples from L-Lake were analyzed to
determine concentrations of radiomrclides and
metals. Table 4-15 lists the results of these
analyses.

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 progrsm must minimize doses to
individual workers snd the collective dose to all
workers in a given work grGup.

rc
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Table 4-14. Average concentration and inventow ofradionuclides andmetals in L-L*esediments.a
Contaminant Concentration Inventory
Radionuclides (pctig) (curies)

Cesium-I37 5.8 11.6
Cnbalt-60 0.09 1.8 x 1O-I
PlutOnium-239/240 3.0 x 102 5.9 x 10-2
PIometilum-146 1.4X 102 2.7 x 10-2
Urarrimrr-233/234 0.77 1.54

Metals (Ping) (grams)
Anthony 6.9 x 103 1.4 x 107
Arsenic 1.8 X 104 3.5 x 107
Beryllium 2.3 X102 4.6 x 106
Cadmium 1.0 x 103 2.0 x 106
Lead 1.4.104 2.9 X 107
Manganese 3.0 x 102 6.1 X 105
Thallium 1.9 x 104 3.9 x 107

Sources of Radiation ExIIosure 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 tiem.

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 bas lower penetrating energy
and, therefore, produces a dose only to the ;kin
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 inside
the body, low-energy beta and nonpenetrating
alpha radiation emitted by the radioactive mate-
rial in proximity to organ tissue can produce a
dose to that tissue. If this same radioactive ma-
terial were outside the body, the low penetrating
ability of the radiation would prevent it from
reaching the critical organs. To determine
health hazards, organ dose can be converted to
effective dose equivalents. The mode of expo-
sure (internal versus external) is irrelevant when
comparing effective dose equivalents.

SRS Worker Dose

The purpose oftbe radiation protection program
is to minimize doses from external and internal
exposure; it must consider both individual and
collective doses, DOE could reduce individual
worker dose to very low levels by using many
workers to perform extremely small portions of
the work task. However, frequent changing of
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Table 4-15. Average surface water concentrations of radionuclides and metals in L-Lake,a
Contaminant Concentration

Radionuclides (pCi/ml)

Tritium 10.0

Metals (Iqml)
Barium 1.1 x 10-2

Manganese 2.5 X 10-2

Magnesium 1.2

Vanadium 4.6x 10-4

Beryllium 3.9 x 10-4

a. Sources: Simpkirrs(1996c);PaIler (1996).

workers would be inefficientmrd would resuk 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 areas lowas 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 tbe large uncertainties that exist in
the dose-effect relationship, the Health Physics
Society recently recommended against quantify-
ing risks due to radiation exposures comparable
to those calculated in this EIS [i.e., doses (in
addition to background) less than 5 rem in a
year or less than 10 rem in a lifetime] (HPS
1996). These uncertainties are due, in part, to

the fact that epidemiological studies have been
unable to demonstrate that these adverse health
effects have occurred in in{lviduals exposed to

rc

small doses (less than 10 rem) over a period of
many years (chronic exposures) and the fact that
the extent to which cellular repair mechanisms
reduce the likelihood of cancers is unknown.
Therefore, the radiological risks reported in this
EIS should be used only for relative compari-
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 popu[atlon or
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-

1.
r~ rem (Table 4-16). Therefore, this group could

experience as much as 0.1 (0.0004 x 256) addi-
tional cancer death due to their 1995 occupa-
tional radiation exposure. Continued operation
of the SRS could result in 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.a

Individual dose (rem) SRS collective dose

Year Maximum Averageb (verson-rem)

1988 2.040 0.070 864

1989 1.645 0.056 754

1990 1.470 0.056 661

1991 1.025 0.038 592

1992 1.360 0.049 316

1993 0.878 0.05 I 263

1994 0.957 0.024 314

1995 1.341 0.019 256

a. Adapted from: DOE (1995c), WSRC (1994b), Kvartek (1995, 1996).
b. The average dose is calculated only for workers who received a measurable dose during the year.

4.1.8.2 Environmental Impacts

This section discusses radiological and nonra-
diological exposures from L-Lake due to normal
operations under the alternatives and subsequent
impacts to the public and workers. This analy-
sis shows that the health effects (specifically
latent cancer fatalities and hazard indexes) as-
sociated with the alternatives would be small,
arrdwould be small in relation to those nomrally
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 (IC~ 1991) sug-

gested the use of detriment weighting factors
tiat 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
0.000 I per person-rem for nonfatal cancers arrd
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 carrcer (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 exl !osure
period. This ratio of exposure to toxicity is
called a hazard quotient (EPA 1989). The non-



DOE/EIS-0268

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 SUMof 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 ha2ard
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 Dow
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, dermai 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 fiture use scenarios for the SRS in-
clude the use of Site lands for recreational ac-
tivities (DOE 1996b), health impacts that could
result from recreational use by members of the
public are analyzed in this EIS. In addition,
DOE has specified that future use scenarios of
SRS land should include a full range of worker
activities (PRC 1996). Therefore, tiis 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 meters)
above mean sea level] and contaminated sedi-
ments would remain saturated and, therefore,
would not become resuspended and available

for transport to another location or inhalation.

However, this analysis assumes that tritium
would volatilize from the surface of the lake and
become available for inhalation and absorption
under current and futnre land use scenarios by
members of the public and involved and unin-
volved workers. Workers could also be exposed
to contaminants in the sufiace water.

Pnblic Health Impacts

The current land use scenario assumes that
volatilized airborne tritium based on a 42-inch
( l-meter)-per-year evaporation rate (del Carmen
and Paller 1993a) would be tmnspofied off the
SRS and become available for inhalation and
ingestion by the offsite population living within
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50 miles (80 kilometers) of the Site. In addi- 1996b) and for the maximally exposed individ-
tion, the future use scenario evaluates inhalation ual within this zroup. For this assessment, DOE
and absorption pathways resulting from recrea-
tional use of L-Lake (Figure 4-23) for other

TEI 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 1995c). This
factor is slightly higher than that for workers
because infants and children are part of the gen-
eral population.

assumed that the population would remain con-
stant over the 70-year period of analysis. This
assumption is justified because (1) current esti-
mates indicate that the population will increase
by less than 15 percent during this period (DOE
1995c), (2) there are uncertainties in the deter-
mination of year-to-year population distribu-
tions, and (3) although the absolute impacts
would increase proportionately with population
growth, the relative impact comparison between
alternatives would not be affected.

The MEPAS code converts airborne radiologi-
cal releases to doses. This code calculates the
dose to a hypothetical maximally exposed indi-
vidual at the SRS boundary (located in the
southern compass sector for releases from
L-Lake) and the collect. ve dose to the popula-
tion within a 50-mile (80-kilometer) radius.
The current land use scenario under the No-

Effects are estimated for the population group
consisting of the 672,122 people living within
50 miles (80 kilometers) of SRS (Simpkins
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Action Alternative evaluates only the tritium
volatilization and atmospheric pathways. The
future use scenario, in addition to atmospheric
pathways, includes pathways resulting from rec-
reational use of L-Lake (Figure 4-23), which
includes incidental ingestion of shoreline sedi-
ments and surface water, dermal 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. Forthecument kmdusescenario,the
annual doses (0.000 15 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 (Arnett, 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 Iimittotbe 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). Theprobabil-
ity of the maximally exposed individual dying
of cancer as a result of 70 years of exposure to
radiation under theNo-Action Altemativeis
1.3x 10-9 orslightly more tharrl inabillion.
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 1.2x 10-5.

About 23.4 percent of deaths in the U.S. popu-
lation are attributable to cancer from all cause>
accordingly, the probability of an individual

dying ofcancer is 0.234,0r approximatelyl in
4. Inapopulation of672,122people [the num-
her 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-~per
year. Thus, theincidence ofradiation-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 10-7risk 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 h~ard 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, derrnal contact with
shoreline sediment and surface water, and con-
sumption of fish taken from the lake,

As listed in Table 4-18, the calculated h~~d
index (6.2 x 10-2) for the maximally exposed
individual under the future land use scenario
would be less tian one.
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Table 4-18. Nonradiological hazard index associated with the No-Action Alternative for members of the
public.a

Annual (Iifetime)b
Receptor latent cancerriskc Hazardindex

Offsitemaximallyexposedindividual 3.1 x 10-7 6.2 X 10-2
(Futureuse)d (2,1 x lo-j)

a. SeeTableC-3 in AppendixC.
b. Basedon 70 years of exposure.
c. Resultingfromexposureto be~lliurrr in surface water.
d. Assrnnes futnre recreational use of L-Lake.

The lifetime risk of fatal cancer due to exposure
to beryllium in the sin-face 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 (Harem 1996),
15 weeks per year in the vicinity of L-Lake.
The current worker is assumed to have a 5-year
career exposure period (Harem 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 calculated 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 of251 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 Altern-
ative). 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

effects.a

Individual All workers

Probability of Dose Number of fatal
Receptor(s) Dose (rem) fatal cancer (person-rem) cancers

Involved workerb (current use)

Amualc 5.0 X 10-8 2.0 x 10-11 3.5 X 10-6d 1.4 x 10-9

Lifetirnee 2.2 .10-7 8.7 x 1O-II 1.5 x 10-5 6.1 x 10-9

Involved worker (fimre use)b

Arrnualc 1.1 x 10-6 4.4x 1o-1o 7.7 x 10-5 3.1 X 10-8

Lifetirrree 1.5 .10-5 5.9 x 10-9 1.0. 10-~ 4.1 x 10-7

Uninvolved workerf

Amualc 2.0 X 10-8 7.8 x 10-12 4.9 X 10-6 2.0 x 10-9

Lifetirnee 2.6 x 10-7 1.1 x 10-10 6.6 x 10-5 2.6 X 10-8

:
c.

d.
e.

f.

See ‘Iables C-4, C-5, and C-6 in Appendix C,
The estimated number of involved workers would be 70.
AMual individual worker doses carr be compared to the regulatory dose limit of 5 rem (10 CFR s35) and the
SRS adminimative exposure guideline of 0.7 rem. Operational procedures ensure that the dose to the maxi-
mally exposed worker will remain as far below the regulatory dose limit as is reasonably achievable. Based on
a tOtalof 13,651monitored workers (Kvartek 1996), the 1995 average dose fOr Site wOrker~~hO received ~
measurable dose was 0.019 rem (See Table 4-16).
Total for all involved workers; 1995 SRS total for all workers was 256 person-rem (see Table4-16).
Based on 5 years of exposure for current workers and 25 years of exposure for future and uninvolved workers,
Doses are corrected for radioactive decav..
L-Area. Total unirrvolvedworkersesdnratedtobe251 [Source: Simpkins (1996c)].

could produce up to 1.4 x 10-9 additional fatal
cancer as the result of a single year’s exposure;
over a 5-year career, the involved workers could
have 6.1 x 10-9 additional fatal cancer as a re-
sult of exposure.

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 carrcer
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 annual probability of an individual unin-
volved worker developing a fatal cancer as a re-

sult of the estimated exposure would be
7.8 x 10-12. For the total uninvolved workforce,
the collective radiation dose could produce up to
an additional 2.0 x 10-9 fatal cancer as the result
of a single year’s exposur~ over a 25-year ca-
reer, the uninvolved worker could have an addi-
tional 1.1 x 10-10 risk of developing a fatal
cancer and 2,6 x 10-8 additional fatal cancer in
the workforce.

The calculated numbers of fatal cancers due to
worker exposure to radiation can be compared
to the number of fatal cancers that would nor-
mally be likely among the workers during their
lifetimes. Population statistics indicate that, of
tie U.S. population that died in 1994,23.4 per-
cent died of cancer (CDC 1996). If this per-
centage of deaths from cancer remains constant,
23,4 percent of the U.S. population will develop
a fatal cancer during their lifetime. Therefore,
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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. Theimpacts from thealtematives
discussed in this EIS would be a small fraction

of the incidence of fatal cancer from all causes.

Nonradiological Imuacts

DOE calculated nonradiological health impacts

(hazard index and cancer risk) for the current

and frrture land use involved worker. Theexpo-

sure pathways and exposure times would be the
same as those discussed previously. The har.ard
index for the uninvolved worker was not calcu-
lated because under the No-Action Alternative,
them ical 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 resulty the calcu-
lated hazard index for the maximallyexposed
involved worker under tie 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 abnve from consideration.
The following sections describe the specific
pathways evaluated for each receptor.

Public Health

Radiological Imuacts

To estimate the health effects associated with
the Shut Dow and Deactivate Alternative on
the public, radiological doses were calculated
only tn 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
Altemative.a

Annual (iifetirrre)b
Receptor(s) latent cancer risk Hazardindex

Involvedworker(currentuse) 9.1 x 10-9 2.1 x 10-4

(4.5 x 1&8)

Involved worker(futureuse) 1.3 X 10-8 4,8 x 10-5
(3.1 x 10-7)

UninvolvedworkeF NCd NC

a.
b.
c.
d.—

See TablesC-7 and C-8 in AppendixC.
Basedon 5 yews of exposurefor cm’rentworker arrd25 yews of exposure for futureand uninvolvedworkers
L-Area.
NC = not calculated nonmdiolo~icalconstituentsue not releasedunder the No-ActionAlternative.
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1
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 Werrtworth, 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 tbe 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 10-9;
the number of additional fatal cancers in the re-
gional population for this same exposure period
would be 1.0 x 10-5.

Nonradiological Im~acts

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

As listed in Table 4-22, the calculated total hw-
ard index for the maximally exposed individual
is a small fraction of one. Therefore, this indi-
vidual would not be likely to experience adverse
health effects. In addition, the lifetime cancer
risk to the maximallyexposed individual would

be 5.6x 10-7.

Occupational Health

Radiological Impacts

DOE estimated doses to involved and unin-
volved workers for the Shut Dom and Deacti-
vate Alternative using the exposure assumptions
discussed above with the additional pathway 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 increase in
dose due to activities under the No-Action Al-
ternative) are listed in Table 4-23. These doses
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Table 4-22. Nonradiologicrd hazard index and cancer risks associated with the Shut Down and Deacti-
vate Alternative for members of the public.a

No-ActionAlternative Shut Down and DeactivateAlternative

Annual Aqueous Armual
(lifetime)c Atmospheric release Total (lifetime)c

Hazard latentcancer release ha.z- hazard hazard latent
Receptor(s) indexb riskd ard index index index cmcer riske

Offsite maximally 6.2 x 10-2 3.1 x 10-7 6.9 x 10-3 2.1 x 10-1 2.2 x 10-1 8.0 x 10-9
‘c exposed irrdlvidual (2.1 x 10-5) (5.6 x 10-7)

a. Supplemental information is provided in Tables C-13 md C- 14 irr Appendix C.
b. Future kmd use scenario.
c. Assumes 70 years of exposure,
d. Resulting from exposure to beryllium in surface water.
e. Resultkrg from exposure to cadmium, arsenic, and beryllium irr contaminated sediments.

represent a small fraction of the DOE limit
(1OCFR 835) that require that annual doses to
individual workers not exceed 5 rem per year as
well as a small fraction of the SRS administra-
tive limit of 0.7 rem per year (WSRC 1995d),

The probability that the average involved
worker would develop a fatal cmcer sometime
during his lifetime as the result of a single
year’s exposure to radiation under the Shut
DOW arrd Deactivate Alternative and current
kind use scenario would be 9.7x 1o-8. For the
total involved workforce, the collective radia-
tion dose could produce up to 6.8 x 10-6addi-
tional fatal cancer as the result of a single year’s

TC
exposure; over the worker’s 5-year career, the
involved worker population could have

3.2 x 10-5 additional fatal csrrcer as a result of
exposure.

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

Tc could produce up to 1.1 x 10-s additional fatal
cancer as the result of a single year’s exposure;
over the worker’s 25-year career, tbe involved

rc

worker population could have 2.1 x 10-2 addi-
tional fatal cmrcer as a result of exposure.

rhe probability of any individual uninvolved
worker developing a fatal cancer as a result of a

single year of exposure would be 5.7 x 10-10.
For tie total uninvolved workforce, the collec-
tive radiation dose could produce up to an addi-
tional 1.4 x 10-7 fatal cancer as the result of a
single year’s exposure; over the worker’s

~~ 25-year career, the uninvolved worker popula-
tion could have an additional 3.5 x 10-6 addi-
tional fatal cancers.

Nonradiological Health

Nonradiological health impacts (hazard index)
were calculated for the current and future larrd
use scenarios for the involved worker. The ex-
posure pathways and exposure times would be
the same as those discussed previously. Ta-
ble 4-24 lists the results. As listed, the calcrs-
Iated hszard indexes for the maximally exposed
involved worker under the current and future
land use scermrios (1.1 x 102 and 2,1 x 10-1,
respectively) would be a small fraction of one.
Therefore, these individuals would be not be
likely to experience adverse health effects,
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Table 4-24. Worker nonradiologicaI huard indexes arrd cancer risks associated with the Shut Down and

Deactivate Altemative.a

No-ActionAlternative Shutdownand DeactivateAltemative—

Annual (Iifetime)b Annual (lifetirrre)b
Receptor(s) latent caocerriskc Hazardirrdex latent cancer riskd Hazard index

Involved worker 9.1 x l@9 6.6 X 10-8
(current use) (4.5 X IO-8) 2.1 .10-4 (3.3 x 10-7) 1.1 x I&z

Involved worker 1.3 x 10-8 1.2 x 10-6
(future use) (3.1 x 10-7) 4,8 X 10-5 (2.9 x 10-5) 2.1 .10-1

Uninvolved workerc NCf NC 1.4 x 10-9 1.1 x 10-4
(3,6 X 10-8)

a. See Tables C-20arrd C-21 krAppendix C.
b. Bmedon5yem ofexposmeto tiecmentworker md25yeNs ofexposure for fimremdwtivolved

workers.
c. Duetoexposure to beryllium instiacewater.
d. Duetoexposwe toairbome cadmium, arsenic, and berylliurxr.
e. L-Area.
f. NC=notcalculate& nomadiological constitienE menotrele=ed mdertie No-Atiion Alternative.

For the uninvolved worker assumed to be in cede to the original Steel Creek strearrr channel
L-Area, the calculated hazard index of in a similar marrner as that described for the
1.1 x 10-4 would be a small fraction of 1 arrd, Shut Down and Deactivate Alternative, There-
therefore, this individual would be not be likely fore, the impacts to workers and member of tbe
to experience adverse health effects. The prob- public under Shut Dowrr and Maintain would be
abili~ of the uninvolved worker developing a the same as the impacts under Shut Dowrr arrd
fatal cancer due to a lifetime of exposure would Deactivate.

‘c be 3.6 x 1o-8.

4.1.8.2.3 Shut Down and Maintain

For the Shut Down arrd Maintain Alternative,
the water level in L-Lake would be likely to re-
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4.2 SRS Streams

Five major tributaries of the Savannah River
drain the SRS and eventually flow into the Sa-
vannah River (Figure 4-25). The five main
stream 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 backwater stream, is 24 miles
(39 kilometers) long with a211 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 powerplarrt. Fourmiie
Branch [15 miles (24 kilometers) long;
22 square-mile (57 square-kilometer) drainage
basin] received thermal effluent from C-ReactoI
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, arrd from L-Reactor only
from 1964 to 1968. Lower Three Runs is
24 miles(38 kilometers) long with a
178 square-mile (460 square-kilometer) drain-
age basin; it received thermal effluent from R-
Reactor from 1953 until 1958, when its upper
reaches were impounded to form Par Pond.
These values represent the total area of the
drainage basins (Wike et al. 1994).

TC

l,,

l,,

TC

Before the creation of the two cooling reservoirs
(Par Pond in 1958; L-Lake in 1985), water tem-
peratures in Steel Creek. and Lower Three Runs
ranged from 158°F (70’ C) at the reactor outfalls
to 104°F (40”C) where the smems entered the
Savannah River swamp (Bennett and McFarkisre

4-89

1983). Water temperatures higher than 104”F
(40”C) exclude virtually all species of freshwa-
ter fish (Coutant 1977) arrd 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
rmd sedimentation domstream, further altering
the community stmcture 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 begarr to recover when DOE placed
L-Reactor on standby in 1968.

Each stream has a floodplain characterized by
bottomlarrd hardwood forests or scrub-shrub
wetkmds in varying stages of succession.
Dominarrt species include red maple (Acer ru-
brum), box elder (,4. negundo), bald cypress
(Taxodium distichum), water tupelo (Nyssa aq-
uatica), sweetgum (Liquidambar styraczj7ua),
mrd black willow (Salix rzigra). 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 sylvadca), arrd other hard-
wood species (Workman and McLeod 1990).

4.2.1 GEOLOGY ANB SOILS

4.2.1.1 Affected Environment

This section describes the character of the geol-
ogy and soils along SRS streams. The altern-
ativesfor 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- ~c
fected by the elimination of river water dis-
charges to these streams.



I
I
I
I
1
I
I
1
I
I
I
I
f
1
I
I
I
I
1

DOE/’EIS-O268

Stratigraphy

The geologic units near or intersecting the SRS
streams are as follows (Prowell I994):

.

.

.

.

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

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

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

Steel Creek – The Tobacco Road Formation
outcrops along most of the lower end of
L-Lak< the Dry Branch Formation outcrops
upstream of the lake and downstream of the
darn.

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). IT,

.

.

.

.

●

✎

Blanton sand, O-6percent slopes (BaB)

Blanton sand, 6-10 percent slopes (BaC)

Pickney sand, frequently flooded (Pk)

Troup sand, O-6percent slopes (TrB)

Troup sand, 10-15 percent slopes (TrD)

Troup sand, 15-25 percent slopes (TuE)

4.2.1.2 Environmental Imssacts

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 ‘Aegeology 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 dowrr 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 darn
would not change because DOE would regulate
the flow rate from the darn 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
cur-rentlycovered by the lake, soil erosion
would initially increase along the sides of the
Steel Creek s~emn valley. fiis erosion should
decrease as vegetation reclaims the slopes. Al-
though the area would revegetate naturally,
DOE would encourage revegetation by seeding.

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.

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.

In August 1995 DOE prepared an environmental
assessment (EA; DOE 1995a) that addressed the
impact of reducing the flow from L-Lake to

TC
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Stratigraphy
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Pen Branch – The Tobacco Road and Dry
Branch Formations are exposed in the
stream valley.

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

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

Steel Creek – The Tobacco Road Formation
outcrops along most of the lower end of
L-Lak< the Dry Branch Formation outcrops
upstream of the lake and downstream of the
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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). IT,
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Blanton sand, 6-10 percent slopes (BaC)

Pickney sand, frequently flooded (Pk)

Troup sand, O-6percent slopes (TrB)

Troup sand, 10-15 percent slopes (TrD)

Troup sand, 15-25 percent slopes (TuE)

4.2.1.2 Environmental Imssacts

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 ‘Aegeology 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 dowrr 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 darn
would not change because DOE would regulate
the flow rate from the darn 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
cur-rentlycovered by the lake, soil erosion
would initially increase along the sides of the
Steel Creek s~emn valley. fiis erosion should
decrease as vegetation reclaims the slopes. Al-
though the area would revegetate naturally,
DOE would encourage revegetation by seeding.

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.

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.

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).

Discharges to site streams horn the River Water
System during September 1996 are presented in
Table 4-25 (Melendez 1996). The concentration

LIC.09 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

L1&09 1996 (Fleddeman 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.

TEI Table 4.2s. Discharges to onsite streams (cubic feet per second).

Stream September 1996 No Action Shutdown

Steel Creek (headwaiters via P-13) 8.6 0 0

L-Lake (via L-07) 36.7 10.7 o.9a

Lower Three Runs o 0 0
L1&09

Fourmile Branch (via C-004 to Castor Creek) 0.6 0 0

Pen Branch (via K-18 to Indian Grave Branch) 16.5 o.9b o.9a

Total Discharge 62.4 11.6 1,8

a. Maximum well water discharge.
b. Includes 0.45 cubic feet per second river water and 0,45 cubic feet per second mmimum well water.

TE I Table 4-26. Total flows and tritium concentrations in onsite streams.

Total downstream of confluence (cfs) Tritium concentration (pCi/ml)

September No Seutember No
Stream “1996 Action Shutdown ‘1996 Action Shutdown

Steel Creek (above Road B) 4.96 ~ 3 NAa NA NA

L1M9

Steel Creek (below L-Lake) 44.5 10 10 10.65 47.4 47.4

Steel Creek at Road A (includes 69 34.5 34.5 6.87 13.7 13.7
Meyers Branch)

Lower Three Runs (below Par 22.3 10 1ob 1 2.2 2.2
Pond)

Fourmile Branch at Road A-12.2 19.9 19.3 19.$ 227 234 234
Pen Branch at Road A- 13.2 34.4 18.8 18.8C 62.8 115 115

a. NA = Not available.
b. Minimum release for nO action ~d ~h”tdOwn
C. Discharges and base flow from Indim Grave Branch is included.
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Indian Grave BrancWen Branch

Pen Branch follows a southwesterly path from
its headwaiters about 2 miles (3.2 kilometers)
northeast of K-Area to the Savannah River
swamp (Figure 4-25), After entering the [T,
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 backwater stream, similar
to the headwater reaches of Fourmile Brnnch.
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 nonthemal 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).

~ – 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 1.3S 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 nonthemral
waters (Table 4-28). The temperatures at the
thermal sites fluctuated more widely than those
of the nontherrnal 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
nonthemral site. The mean dissolved oxygen
concentration was 8.12 milligrams per liter at
the Pen Branch nonthermal site (Table 4-29;
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 g.5 milligmms per liter at Road A-17 is
now similar to the concentrations measured at
the nontherrrral site during the Comprehensive”
Cooling Water Study (Wike et al. 1994).

Table 4-27. Flow summarv for Pen Branch (cubic feet uer second).a,b
Range

7-day low

Stationname Period of record Mean Low High 7Q1O flow
Road B 19s3-1991 7.7 0.2 372 0.36 0.22
Road A-13.2 1976-1991 273c 20 760c 25.4 22

a. Source: Wikeet al. (1994).
b. To convertcubic feet to cubicmeters, multiply by 0.028317.
c. Highflowsare the flows of reactor coolingwater discharge.
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Table 4-28. Pen Branch field data (CCWS).a,b IT,

Water Stream maximum
temperature depth Suearrr velocity

Location ~c) pH (cm)c (cnr/see)

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 44 28 39

04 Pen Branch at Road A-17

Mean 33.5 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 CoolirIg Water Study.
c. To convert centimeters to inches, multiply by 0.3937.

Castor Creek/Fourmile Branch

Fourrrrile 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
Fourrnile Branch via Castor Creek (Wike et al.
1994).

~ – At present, C-Area receives only a small
mount of river water, from valve leskage that
ultimately discharges to Fourrnile Brsnch
(Gladden 1996b). During Water Year 1996, this

monitoring station A-7 (see Figure 4-27), the
Formnile 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).

Temperature – Since the shutdown of
C-Reactor, temperatures in Fourrnile Branch at
Road A ranged from 43°to88°F(6.2°to31 “C)

dischsrge (at C-003) ave~aged 0.59 cubic foot
./

and averaged 65°F ( 18.5°C). The’wide tempera-
(0.017 cubic meter) per second (Melendez ture fluctuations reflect seasonal differences.
1996). Upstresrn from tie confluence of the Temperatures upstre tm, at Road A-7, reflect a
C-Area discharge with Fourrrrile Branch at similar range [43° to 79°F (6.4° to 26”C)] and



DOE/EIS-0268

TE Table 4-29. Pen Branch physical characteristics and general chemistry (Ccws).a,b

Specific Total suspended
Dissolvedoxygen conductance Turbidity solids

Location (mg/1) (ymhos/cm)c NTU) (m#l)

01 Pen Branch at Road B

Mean 8.12 45.6 10.6 9.63

Range 5.80-12,3 28.2-75,0 3.10-52.2 0.25-72.4

Samples 46 38 43 4s

02 Indian Grave Branch downsmearrrof K-Reactoreffluent
Mean 5.32 74.6 21.4 10.0

Range 2.70-11.5 50.7-90.1 7.30-61.5 0.25-43.2

Samples 45 56 43 45

04 Pen Branch at Road A-17

Mearr 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 et al. (1994).
b. CCWS = Comprehensive Cooling Water Study.
c. To convert centimeters to irrches, multiply by 0.3937.

TE an average of 63°F ( 17“C) (see Table 4-31;

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
TE 12,0 milligrarrrs 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 (3.2 kilometers) before
entering the Savannah River. At present, the
headwaters of Steel Creek (at P-Area) receive
treated effluent from the P-Area sanitary water

treatment facility combined with river water
overtlow 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 begmr an extensive water quality monitor-
ing study, the L-Lake/Steel Creek Biological
Monitoring Program, after the construction of
L-Lake. This study assessed various compo-
nents of the Steel Creek system and identified
changes due to the operation of L-Reactor or
discharges from L-Lake. DOE placed sampling
stations throughout the Steel Creek corridor,
marsh, swamp, and channel (Figure 4-28).

TE Table 4-33 lists the range of values for 34 water
quality parameters for Steel Creek from
November 1985 to December 1991 (Wike et al.
1994). In addition, sampling at Road A is patt
of routine SRS monitoring.
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Table 4-32. Fourmile Branch physical characteristics and general chemistry.a ITE

Specific Total
Dissolved oxygen conductance Turbidity suspended

Location (mg/1) (pmhoslcm) (NTLl) solids (m~l)

01 Fourmile Branch at Road E-1

Mean

Range

Samples

02 Fourmile Branch at Road A-7

Mean

Range

Samples

03 Fourmile Branchat Road 3

Mean

Range

Samples

04 FourmileBranch at Road A

Mean

Range

Samples

05 Foumrile Branch at Road A-12.2

Mean

Range

Samples

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

(ccws)b

6.79

2.30-11.6

46

(1987-1991)

8.4

5.0-12

60

(Ccws)

7.81

5.20-12.40

46

(1987-1991)

7.9

6.5-12

60

(Ccws)

5.99

3.50-11.8

46

24.3

12.5-40.7

38

56.5

0.15-112

60

70.0

31.5-96.9

38

44.3

11-103

60

87.0

59.3 -108.2

45

10.1

1.3-60

43

8.2

1.0-42

60

20.8

0.3-394.0

43

5.2

1.0-23

60

18.5

4.3-I 18.0

43

13.8

0.25-270

45

5.1

0.0-27

60

7.82

0.25-152.10

44

3.1

1.0-47

60

9.31

0.25-109,70

45

b. CCWS= ComprehensiveCooling WaterStudy.

~ – 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 ffows 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 (overtlow frorI 186-Basins)
discharged to L-Lake, along wi h flows from

4.99
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TE I Table 4.34. Flow summary for Steel Creek (cubic feet per second).a,b
Range

Station Period of record Mean
7-day low

Len, High 7Q1O flow

Road A at SRS 1985-1991 185 7.7 500 12,9 11.6

a. Source: Wlke et al. (1994).
b. To conv.n cubicfeet to cubicmeters, multiplyby 0.028317.

P-Area ad 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 preconstmction conditions, ranging
from 45° to 86°F (7.10 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 tbe 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 mnged from 5.6 to 8.3 during the period
from 1987 to 1991. Before the construction of
L-Lake, pH measurements were comp~able,
mnging from 6 to 8 (Wike et al. 1994). The
1992 mem (6.5), minimum (5.7), and maximum
(7.9) pH values at the L-Lake outfall were
similar to the values for 1990 and 199I (Wlke
et al. 1994).

Dissolved Oxygen – Dissolved oxygen concen-
trations at the Steel Creek Road A station from
1987 to 1991 rrmged from 5 to 12 milligrams
per liter (Wike et al. 1994). In the Steel Creek
swamp, dissolved oxygen concentrations as Iow
as 0.6 milligmm 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 volubility
of oxygen in fresh water is inversely propor-
tional to tbe temperature.

Total Suspended Solids and TurbidiW – Mean
total suspended solids (TSS) and turbidity levels
in Steel Creek at Road A were 5,3 milligmms
per liter and 3,7 NTU, respectively, from 1987
to 1991 (Wike et al. 1994), These levels were
withbr the rages measured before the construc-
tion of L-Lake.

On several occasions (November and December
1985, May and September 1986, February 1987,
July 1988, ad 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 to
high TSS levels in L-Lake discharge waters, the
increased discharge volume from L-Lake, or
storm events that eroded the bmk and increased
sediment transport at a pmticulw station. Memr
TSS values did not exceed 5 milligmms per liter
during 1992. Baseline TSS levels in Steel
Creek were similar to levels in Meyers Brmrch,
a tributary to Steel Creek (Wike et al. 1994),

Maior Anions and Cations - Alkalinity concen-
trations in Steel Creek at Road A mnged from 1
to 21 milligmms of calcium carbonate per liter
from 1987 to 1991. Mean chloride and sulfate
concentrations measured from 1987 to 1991 at
Road A were 6.7 and 6.9 milligrams per liter,
respectively (Wike et al, 1994).

From 1987 to 1991 calcium concentrations at
Road A ranged from 1.9 to 3.8 milligmms per
liter and sodium concentrations ranged from 5.4
to 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 fomr of
phosphorus measured as part of the routine wa-
ter quality monitoring program. From 1987 to

1991 the mean total phosphorus concenmations
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 occumed in the corridor and
swamp.

Organic nitrogen, ammonia, and nitrate are
measured as part of the routine water quality
monitoring progmrn in Steel Creek at Road A.
The means for these fomrs of nitrogen were as
follows: organic nitrogen -0.37 milligram per
lite~ ammonia -0.076 milligram per liter and
nitrate - 1.00 milligram per liter (Wike et al.
1994).

PrioriN Pollutants – A special study to deter-
mine tie 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
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the range of values reported for other regional
Iotic 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; silic& 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 (Wlke et al. 1994).

Pre- and postimpoundment data for 1985 to
1989 indicated that increases in temperature,
conductivi~, total phosphorus, nitrate-nitrogen,
ammonia-nitrogen, total and dissolved sodium,
and chloride, and decreases in pH have occumed
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 R,ver 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 R]ver (Wike et al. 1994).

Water Ouali& – Lower Three Runs is a
nonthernral 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) occumed at Road P
(just below the dam). The lowest dissolved
oxygen concentration (2.4 milligrams per liter)
was also at Road B; downstream dissolved



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. I 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

‘E twofold increase from those at Road B (Wike et
al. 1994).

4.2.2.2 Environmental Imssaets

4.2.2.2.1 No Action

Under the No-Action Alternative, DOE would
continue to operate a small 5,000 -gal10n-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-

pacts of reduced or absent river water flows to
each of these smeam 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, and
there would be a potential for an occasional dis-
charge of sediments accumulated upstream of
the dam. Such a discharge would depend on the
amount of water impounded at the discharge
structure and the possibility for impoundment
sediment in the area of the outlet structure. De-
pending on the depth of the water at the struc-
ture, sediment deposited in the area could be
resuspended and transported to Steel Creek be-
low the dam during high water flow periods and
storm events. The amount of sediment im-
pounded in the area would depend on the effec-
tiveness of revegetation and other erosion
control measures implemented during lake
drawdown, The addition of suspended solids to
the stream during stormwater events is a poten-
tial ecological impact, as discussed in Section
4.2.5,

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

Range

Stationname Period of record Mean Low High 7Q1O 7-day low flOW

TC patterson Mil] 1974-1991 85 13 745 15.6 15.1

a. Source: Wke et al. (1994).
b. To conveti cubic feet to cubic meters, multiplyby 0.028371.
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4.2.2.2.3 Shut Down and Maintain

This alternative would produce the sme im-
pacts as the Shut Dow and Deactivate Altern-
ative,but a restart of the River Water System
could increase flows to the streams.

4.2.3 GROl.JNDWATER

This section describes groundwater conditions
in the vicinity of potentially affected SRS
streams (Steel Creek, Pen Branch, Fommile
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. Thewatertableaqui-
fer discharges to both Steel Creek and Pen
Branch tributaries, Thegroundwater flowto
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). Fufiher downstream, the aquifers re-
sume discharge to the stream in a southerly di-
rection. Below the Par Pond Dam, the water
table aquifer mrd 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 arrd4-2 list general sitewide data.

4.2.3.2 Environmental Impacts

4.2.3.2.1 No Action

DOE anticipates no changes in current condi-
tions for the water table aquifer or the first con-
fined aquifer because the lake 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 tiom the dam,

Four’mile 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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4.2.2.2.3 Shut Down and Maintain

This alternative would produce the sme im-
pacts as the Shut Dow and Deactivate Altern-
ative,but a restart of the River Water System
could increase flows to the streams.

4.2.3 GROl.JNDWATER

This section describes groundwater conditions
in the vicinity of potentially affected SRS
streams (Steel Creek, Pen Branch, Fommile
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. Thewatertableaqui-
fer discharges to both Steel Creek and Pen
Branch tributaries, Thegroundwater flowto
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). Fufiher downstream, the aquifers re-
sume discharge to the stream in a southerly di-
rection. Below the Par Pond Dam, the water
table aquifer mrd 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 arrd4-2 list general sitewide data.

4.2.3.2 Environmental Impacts

4.2.3.2.1 No Action

DOE anticipates no changes in current condi-
tions for the water table aquifer or the first con-
fined aquifer because the lake 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 tiom the dam,

Four’mile 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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4.2.2.2.3 Shut Down and Maintain

This alternative would produce the sme im-
pacts as the Shut Dow and Deactivate Altern-
ative,but a restart of the River Water System
could increase flows to the streams.

4.2.3 GROl.JNDWATER

This section describes groundwater conditions
in the vicinity of potentially affected SRS
streams (Steel Creek, Pen Branch, Fommile
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. Thewatertableaqui-
fer discharges to both Steel Creek and Pen
Branch tributaries, Thegroundwater flowto
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). Fufiher downstream, the aquifers re-
sume discharge to the stream in a southerly di-
rection. Below the Par Pond Dam, the water
table aquifer mrd 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 arrd4-2 list general sitewide data.

4.2.3.2 Environmental Impacts

4.2.3.2.1 No Action

DOE anticipates no changes in current condi-
tions for the water table aquifer or the first con-
fined aquifer because the lake 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 tiom the dam,

Four’mile 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.



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 tie 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 windbome 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).

TF 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.

4.2.4.2.3 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
4.2,4.2.2.
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4.2.5 ECOLOGY

4.2.5.1 Affected Environment

4.2.5.1.1 Terrestrial Ecolo~

The Environmental Assessment for the Natural
Fluctuation of Water Leve[ 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 ~ree
Runs. Theenvironmental 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 temes~ial bi-
oti, this section does not discuss temes~ial
wildlife.

Wike et al. (1994) summarizes existing ecologi-
cal information on the major stream drainages
of the SRS, including Foumrile Branch and Pen
BrancMndian Grave Branch, This includes
limited information on the plant communities
and terrestrial wildlife that occur along these
streams. Because the Proposed Action would
not affect terrestrial wildlife in the Fourmile
Branch and Pen Branch areas, this section does
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 a
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 placed on
standby in 1985, heated effluent was discharged
into Fourmile Branch via Castor Creek. Flows
in Formnile Branch approached 400 cubic feet
per second (!,1.3 cubic meters per second) when
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winds due to natural fluctuations in stream
flows.

4.2.4.2.2 Shut Down and Deactivate
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Water System would have no impacts on the
ambient air quality, as discussed in Section
4.2,4.2.2.
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ated potential impacts of 10-cubic-foot-per-
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oti, this section does not discuss temes~ial
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Wike et al. (1994) summarizes existing ecologi-
cal information on the major stream drainages
of the SRS, including Foumrile Branch and Pen
BrancMndian Grave Branch, This includes
limited information on the plant communities
and terrestrial wildlife that occur along these
streams. Because the Proposed Action would
not affect terrestrial wildlife in the Fourmile
Branch and Pen Branch areas, this section does
not include detailed descriptions of terrestrial
wildlife communities in these areas.
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C-Reactor was operating. Water temperatures
exceeded 140”F (60”C) in Forrrmile Brarrch
downstream of its confluence with Castor Creek
(Wike et al. 1994). In its lower reaches,
Fourmile Brarrch broadens and flows through a
delta created by the deposition of stream sedi-
ments.

Pen Branch and Indiarr Grave Branch

Pen Branch rises in the approximate center of
the SRS arrd flows southwest to enter the Sa-
varmah River swamp. In its headwaters, Pen
Branch is a small, largely undisturbed backwat-
er 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 arrd sanitary effluent from the
Central Shops Area (Wike et al. 1994).

The macro invertebrate 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 Savamrah 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, macro invertebrate communities be-
garr 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 diversi~ six species [mud sunfish
(Acantharchus pomotis), dollar sunfish
(Lepomis rrrarginalus),chubsucker (Erirrryzmr

SPP.), redfin pickerel (ESOXamericanm), brOwn
bullhead (Ameivrus nebrdosus), arrdpirate perch
(Aphredoderus sayarrus)] made up more tharr 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., yellotiln shiner
(Notropis lutipinnis), madtoms (Noturrssspp.),
and darters (Percina and Etheos~oma spp.)] that
are normally associated with backwater streams
of the Coastal Plain.

After K-Reactor was shutdown in April 1988,
fish rapidly recolonized Pen Brarrch and Indiarr
Grave Branch (Wike et al. 1994). Yellowfirr
shiners, bluehead chubs (Nocomis leptocepha-
Ius), and pirate perch were the most common
species in the upper reaches of the stream.
Largemouth bass (Micropter-us salrrroides), lake
chubsucker (Erimyzorr sucetta), redear sunfish
(Lepomis rrricrolophus,and redbreast sunfish (L,
auritm) were most abundarrt in the middle t
reaches. Brook silversides (Labidesthes siccu-
lus), coastal shiners (Notropis petersorri), spot-
ted sunfish (Lepomis purrctatus), and lake
chubsuckers were most common in the delta.
Indiarr Grave Branch collections were domi-
nated by four species: spotted sucker
(22.2 percent of total), coastal shiner (18.5 per.



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 rrp-
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 eftluent 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-
tropod, 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-
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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 yellotiln shiners (54 percent of
total), bluehead chubs (14 percent), northern
hog sucker (Hypenrelium 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 with
river-swamp habitats contributed to the high di-
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 in
headwater streams on the SRS (minnows and
chubs) and the establishment of other species
[e.g., bluegill (Lepomis rrzacrochirus)] normally
not found in high numbers in these small
streams. After L-Reactor was shut down in
1988, fish were generally less abundant in Steel
Creek as a result of a reduction in available
hablkat (steel C1eek became narrower and shal-
lower). Sunfish and largemouth bass made up a
larger proportion of the catch than in previous
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 shut-
dow of the reactor in 1988 (Wike et al. 1994).
There was an apparent increase in the at ~m-
dance of redbreast and bluegill after the iestati
of L-Reactor, and a reduction in abundance of
brook silverside. Bluegill apparently emigrated
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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 marsfr/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 Iargemouth 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 Pent 1987b). In 1964 R-Reactor was shut
dow and heated discharge from P-Reactor was
diverted from Steel Creek to Par Pond (Du Pent
1987b). P-Reactor was shut down in 1988.
Historically, SRS operations caused large fluc-
tuations in discharge immediately downstream
of the Par Pond Darn, 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 sauare kilometers) of the Aiken Plateau and ITC
flow ~othe 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
Welbmrme (1958) documents species present in
and arour d the Steel Creek area during 1956
and 1957. Appendix D, Table D-8 lists these
species. Upper Three Runs, a relatively undis-

turbed backwater 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 Ioblolly
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. americarra),pondweed (Potamogeton epihy-
drous), and bulrush (Scirpus subterminalis).
Golden club (~orrtium aquaticum), wapato
(S. lat~olia), 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 (Qzsercm nigra-
Curpirruscaroliniarra), laurel oak-deciduous
holly (Quercus laur~olia-Ilex decidua), water
tupelo-ash (Nyssa aquatica-Fraxinus pennsyl-
varzica),and bald cypress-blackgum (Tcrxodium
distichum-Nyssa aquatica). Dominants are pri-
marily determined by the depth and frequency
of flooding (Smith, Sharitz, and Gladden 1981).

Steel Creek received reactor e~uents from
1954 to 1968. Table 4-38 lists reactor-area dis-
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
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TE Table 4.38. Reactor-area discharges to Steel Creek.a

Discharge (cubic meters per second)b

Years P-Reactor L-Reactor Total

1954 to 1958 5.6 5.7 11.3

1958 to early 1961 9.3 9.3 18.6

Mid-1961 11.3 11.3 22.6

Late 1961 to late 1963 9.3 11.3 20.6

November 1963 to Febmary 1968 o.4a 11.3 11.7

Febru~ 1968 to 1980 o.4a 0.0

1981 to 1984

0.4

o.5a 0.002C 0.5

a. Source: DOE (1984).
b. To conven cubic meters to cubic feet, multiply by 35.31.
c. Flow from sanitary and domestic sources from L-Area at ambient temperature. During cold-water testing, the

flow has approached 6.2 cubic meters per second.

altered by resultant above-nomal water levels,
silt deposition, and elevated water temperatures

TFI (Westbm’y 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 downstreanr delta fomation
resulted from the interaction of the stream cor-
ridor gradients and the increased stremn 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

TE I Table 4-39. Steel Creek stream characteristics. a,b

accumulation, and greater entrapment of sedi-
ment afforded by tbe vegetation (Smith, Sharitz,
and Gladden 198 1).

Effects on the vegetation in the Steel Creek
corridor and delta varied with species sensitivity
to the stresses of the thermal effluent dis-
charges. A high incidence of tree death oc-
cumed in areas of the Savmmah River swamp
where the thermally impacted streams entered
the swamp. For exmnple, the areal extent of the
tree kill in the Steel Creek delta exceeded 247.1
acres (1.0 square kilometer) in 1966, However,
vegetation in the swamp was not eliminated; ar-
eas such as sandbars, stumps, and logs elevated
above the water continued to support diverse
plant communities (Smith, Sharitz, and Gladden
1981).

Flow rate
Average depth (cubic meter per

Date
Temperature

Width (meters)c (meter) second)d ~c)
May 1951 5.1 0.30 o.59e 16.1
June 1972 16.5 0.37 0.79 24.6

a. Source: DOE (1984),
b. Based on measurements taken at Road A.
c. To convert meters to feet, multiply by 3.281.
d. To convert cubic meters to cubic feet, multiply by 35.31.
e. 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 bottom land hardwood
forested wetlands between 1968 and 1981 (Du
Pent 1987c). More than 85 species of plants
representing 50 families were identified in Steel
Creek corridor (see Appendix D, Table D-9) ],,
during a study in the summer of 1981 (Smith,
Sharitz, and Gladden 1981). Section 4.1.5 de-
scribes the characteristic vegetation of the
northern portion of the Steel Creek corridor and
the portion inundated by L-Lake. Below the site
of the future L-Lake Dam, the corridor was
similar to the portion inundated by the lake.
Wax myrtle, willow, and blackberry dominated
the floodplain community behind a band of al-
der bordering tie stream. The lower portion of
the stream was a broad flat floodplain with
braided stream channels, with a low persistent
herb community intermixed with shrub thickets.
Table 4-40 lists the wetland community types
occurring in the Steel Creek corridor below the
dam site (before dam construction). The classi-
fication system used 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 aurumnalis,water
primrose (Ludwigia Ieptocarpa), primrose wil-
low (L. decarrerrs), sedges (Cyperus spp.), and
the annual Echinochloa walteri (Du Pent
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, TE
Table D-10) (Smith, Sharitz, and Gladden
1981). The deltaic fan rapidly colonized and
supported successional willow forest, button-
bush shrub communities, and berbaceous 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 bottom land hardwoods on the
ridges and higher elevations,

Table 4-40. Wetland community Wpes occurring in the Steel Creek corridor below L-Lake dam.a ]T,. . ,
Wetland community we Mapping unit

Emergent Persistent - Leersia spp.

Emergent Nonpersistent- Polygonum lapatht~olium

Scmb-shrub - Broad-1eaved deciduous Cephalanthus occidentaiis-Salix nigra

Scnsb-shrub - Broad-1eaved deciduous Alnus serrrdata

Forested - Broad-leaved deciduous Sali.x sp.

Forested - Broad-leaved deciduous Alnw serrrdata-Myrico cerl~era

Forested - Broad-leaved deciduous Liquidambar styracz~uo-Acer rubrum-Salti sp.

Forested - Mixed deciduous T~odium distichum-Nyssa sylvazica var. bl~om

a. Source Sn’ith,Sharitz,and Gladden(1981).
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TE 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 arrd 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 arrd
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 ~e.
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 rmd
caused extensive inundation of areas that had
been relatively dry before the resumption of re-
actor operations (Westbury 1993). During this

period, pofiions 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 sea-
son, and during the remainder of the year at a
rate of about 53 cubic feet ( 1.5 cubic meter) per
second during reactor outage (Wike et al. 1994),
These flows were higher than normal Steel
Creek flows to eliminate the potential for dewa-
tering the stream through the fish spaming sea-
son during a reactor outage,

A recent mapping effort by the Savannah R]ver
Ecology Laboratory mapped aerial coverage of
the Steel Creek corridor and delta (Wein 1996).
Three vegetation classes were identified:

rE marsh, scrub-shrub, and hardwood. Table 4-42
lists the classes of vegetation and area of cover-
age for each, The dominant species in the
marsh class were Leersia spp. and S. latl~olia.
Willow and buttonbrrsh were the predominant
scrub-shrub species. The hardwood class was
predominated by a young developing starrd of
bald cypress, tupelo, and ash.

rEI Table 4-4L Wetland community types occurring in the Steel Creek deha.a

Wetlarrdcommunitytype Mapping unit
Aquatic Bed Rooted Vascular’- MyriophylIum brasiliense

Emergent Persistent - Leer-sia spp.
Emergent Nonpersistent- Hydrolea quadrivalvis

Scrub-shrub- Broad-leaveddeciduous Cephalanthus occidenta[is-Salix nigra

Mixed Scrub-shrub- Nonpersistentemergent Cephalanthus occidentalis/Polygonum lopathl~olium

Forested - Broad-leaved deciduous Salix nigra

Forested - Broad-leaved deciduous Quercu.r fyrata-CaVa aquatica-Nyssa aquatica

Forested - Broad-leaveddeciduous Quercus laur~oiia

Forested - Mixed deciduous Taxodium distichum-Nyssa aquatica

Forested - Mixed decid”o”s Tarodiumdistichurn-Cephalanthusoccidentals

a. Source Smith, Sharitz, and Gladden (1981),
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Table 4-42. Aquatic macrophyte coverage of the Steel Creek corridor and delta, 1996.a IT,

Area ti acres
Class name (squarekilometers)b

Water 106.3(0.43)
Mash 48.3 (0.20)
Shrub/Scrub 20.7 (0.08)

Hwdwood 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 Rmrs 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). Bottom land hardwoods on
the SRS are ~ical 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 suwive
where flooding is of limited depth and normally
restricted to the late winter and early spring
when the plants are dormant (Whipple, WelI-
man, and Good 1981). Tree species of this me
include several species of oaks (Quercu.r spp.),
sweet-gum (Liguidambar sfyraclf7ua), conon-
wood (Populus heterophylla), American elm
(Ulmus Americana), sycamore (Platanus Occi-
dentcdis), and red n~aple (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 Imsmcts

4.2.5.2.1 No Action

Aquatic Ecolo~

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-195 1) base flows in Steel Creek in
the area below L-Lake and represent minimum
ffow 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
Forumile Branch through C-Reactor (see Sec-
tion 4.2.2.1).

Foumile 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
Foutmile 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.



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 S3 cubic feet ( 1.5 cubic meters) per second
minimum flow requirement was eliminated in
1994 (DOE 1995a).

DOE evaluated the potential impacts ofreduc-
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 conchsded that a flow
of 10 cubic feet per second (0.28 cubic meter
per second) would approximate the historic
(pre-SRS) Steel Creek flow, and would result in
the reestablishment of an aquatic community
similar to the one that existed in Steel Creek be-
fore the creation of L-Lake (de] 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
Streamorganisms, such as macr0inve~ebrate5,
but implied that the proposed reduction in Steel
Creek flows would in time result in the devel-
opment of a benthic communi~ typical of tirst-
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 Steel
Creek. Fish abundance and diversi~ declined in
tie Steel Creek corridor and marsh/delta after
the flow reduction. Changes in community
structure of benthic macro invertebrates 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 flows
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
Vpical of first- and second-order Coastal Plain
streams in South Carolina (del Carmen ~d
Paller 1993b). As noted above, this would be a
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 futther.

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 tire 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 tie 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 Brarrch would
probably be sufficient to support a more diverse
fish community, with shiners, chubs, pirate
perch, chubsuckers, small sunfish, and cattish
(madtoms and bullheads). Projected flows in
both Indian Grave Branch and Pen Branch
would approximate nat~ral flows, and aquatic
communities would, ov %-time, become more
like the communities that existed prior to the
operation of SRS production reactors.

4-117

Wetland Ecology

Steel Creek

Under the No-Action Alternative, DOE would
ensure that Steel Creek received a minimmn
flow of 10 cubic feet (0.28 meter) per second.
This flOWwas evaluated in the Environmental
Assessment for the Natural Fluctuation of Waler
Level in Par Pond and Reduced Water Flow in
Steel Creek Below L-Lake at the Savannah River
Sire (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 ripariarr wetlands could occur downstream
of the dam. Frequency, depti, 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 tiese areas. Since
flooding would be less frequent and less ex-
treme under the 10-cubic-foot-per-second dis-
charge scenario tharr in previous years, a denser
rmderstory could develop along with greater di-
versity in the herbaceous layer (Wike et al.
1994).

At presen~ 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 tbe area include willow (Salix

L1l-18
SPP.), loblOlly pine, sweetgum, co~Onwood, 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 tie stream corridor between
the cessation of cooler water discharges in Steel
Creek in the late 1960s and the constmction of
L-Lake and the restart of L-Reactor in the mid.



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), Thelower water level and less se-
vereflooding events corrld Iead to the invasion
of such woody species as sweetgum
(Liquidambar styracz~rra), laurel oak (Quercus
laurz~olia),water oak (Quercus nigra), iron-
wood (Curprinus caroiiniarza), winged elm
(Ulmus alata),and water elm (Planera aq-
uatica), which thrive in that environment. In
addition, willows (Salix spp.) and brsttonbush
(Cepha{anrhus occiden~alis) tend to dominate
higher, drier areas of deltas on SRS, as do her-
baceous plants such as sedges (Carex spp.),
rushes (Jurscus spp.), and water primrose
(Lrru’wigiaspp.) (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 studyin
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 Careen and
Paller1993b). Tbe ErrvironmentalAssessment
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) 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 themean historic flow (for 1974to 1982
and 1987to 1991) downstream of the Par Pond
Dam of 36.5 cubic feet (1.0 cubic meter) per
second (Wikeet al. 1994). Although a stream
flow of 10 cubic feet per second would support
a balanced aquatic community, impacts to ripar-
ian wetlands could occur because this flow was
below historic levels. The 10-cubic-foot-per-
second flow probably worrld result in a narrow.
ingofthe 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, anar-
rowing of the riparian wetlands would occur
(McLeod 1996). Th,swould bemost 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 af-
fect forest composition and vegetation patterns
in bottomlands such asthose along Lower Three
Runs (Workman and McLeod 1990). Plant
species generally occur along a moisture gradi-
entin these areas. Because flows would be
lower under the 10-cubic-foot (0.28-cubic-
meter) -per-second discharge scenario and
flooding would be less frequent than under his-
toric conditions, a denser understo~ could de-
velop along with greater diversity in the
herbaceous layer. Overtime, tree species such
as white oak (Quercus alba), black oak
(Qrrercus velzrrina),and mockemut hickory
(Ca~a tomentosa) that are characteristic of
drier, less frequently flooded areas could pre-
dominate (Whipple, Wellman, and Good 1981).
Decades could pass before these changes in
dominant tree species occumed (McLeod 1996).
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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 Savamrab River flows
and flooding.

4.2.5.2.2 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

Fommile Branch, Pen BrancMndian 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. S ;ction 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 sumoundings on
the Site, and the cument 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 (HII1 1996).

4.2.6.2 Land Use ImDacts

4.2.6.2.1 No Action

Under the No-Action Alternative, cument 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 cument or future uses of the streams.
In relation to water quantity and quality, this
alternative should not affect offsite domstream
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 cument or fu-
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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 sumoundings on
the Site, and the cument 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 (HII1 1996).

4.2.6.2 Land Use ImDacts

4.2.6.2.1 No Action

Under the No-Action Alternative, cument 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 cument or future uses of the streams.
In relation to water quantity and quality, this
alternative should not affect offsite domstream
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 cument 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. Thetopog-

raphical relief of this area is slight with narrow
flat-bottomed valleys and rolling areas between
stream valleys. Fourmile Branch, Pen
BrancMndian 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 arrdfauna of the streams. Figure 4-30
shows Lower Three Runs from just below the
Par Pond Damon Road B. Figure 4-31 shows
Steel Creek from just below the dam on L-Lake.
At the time the photograph was taken on
July31, 1996, flowwas 30cubic feet(0.9 cubic,
meter) persecond (USGS 1996).

The only stream users are SRS personnel en-
gaged in chemical, physical, and biological
monitoring; frequency of use varies depending
orrlocation and sample type. There aresam-
pling stations along the entire length oftbese
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.

4.2.7.2 Aesthetic Impacts

4.2.7.2.1 No Action

Under the No-Action Alternative, DOE would
continue to pump water from the Savannah
River through the 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 into
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 necessaW.
Section 3.3 contains possible reasons for restart-
ing the system.

4.2.8 OCCUPATIONAL AND PUBLIC
HEALTH

4.2.8.1 Affected Environment

4.2.8.1.1 Public Health

DOE collects water samples from the Savannah
River and SRS streams on a continual basis
throughout the year to determine the effects of
the Site’s effluents on the river water. In addi-
tion, SRS stream sampling locations monitor
below the process areas to detect and quantify
radioactivity levels in liquid effluents being

TE] transported to the river. Table 4-43 lists radio-
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Table 4-43. Average water concentrations of radioactivity in the Savannah River and Savannah River TE
Site streams for 1995 (microcuries per milliliter).a

Location Alpha Gross beta Tritimrr

Savannah River

River Mile 120 8.20 X 10-11 1.98X 10-9
River Mile 140

1.28 x 10-6
1.96x 10-1o 2.33 x 10-9 1.54 X 10-6

River Mile 150 1.42 X 1010 1.98 X 10-9 1.74 X 10-6
Vogtle discharge 1.73 x 10-10 1.94 x 10-9 7.90 X 10-6
River Mile 160 8.30 X 10-11 2.19 X 10-9 2.09 X 10-7
Edisto River (offsite cmrnol) 7.67 X 1010 1.58 x 10-9 2.22 x 10-7

SRS Streams

Tirns Bmrrch 1.47x 10-9 2.39 x 10-9 9.66 X 10-7
Upper Three Rurrs 1.30 x 10-9 1.27 X 10-9 2.21 X 10-s
Founnile Creek 2.81 X IO-10 1.03 X 10-8 2.28 X 104
Pen Branch 1.07x 10-10 1.25X 10-9
Steel Creek

6.89 X 10-5
8.40 X 10-11 1.62 X 10-9 6.97 X 10-6

Lower ThreeRuns 3.25 X 1O-10 1.84 X 10-9 9.88 x 10-7
Upper ThreeRuns (site control) 2.12X 10-9 1.59x 10-9 5.08 X 10-7

a. Source: Amett, Marnatey,and Spitzer(1996).

activity measurements from selected locations obtained carI indicate long-term environmental
along the river and SRS streams. trends. Sediment samples are collected annually

from the River and SRS streams. DOE obtains
Sediment samples have been analyzed (Amett, samples from the top 8 inches (3.2 centimeters)
Mamatey, and Spitzer 1996) to measure the of sediment in areas where tine sediment accu-
movement, deposition, and accumulation of mulates and most of the radionucl ides concen-
Iong-lived radionuclides in SRS stream beds and trate. Table 4-44 lists the results of sediment
in the Savannah River bed. Because of the con- analyses for 1995 at selected locations on the
tinuous deposition and remobilization occurring River and SRS streams. The highest activities
in the stream and river beds, significant year-to- were observed in samples from Steel Creek and
year differences might be evident, but the data Pen Branch.

Table 4-44. Measurements of radionuclides in the Savannah River and Savannah River Site stream ],,
sediments for 1995 (picocuries per grarn).a

Location Cobalt-60 Strontium-90 Cesium-137 Plutorrium-238 Plutonimrr-239
SavannahRiver

BelowFounnile Branch (b)
BelowLittleHell Landing @)
Highway301 (b)
Lower Three Runs mouth (b)
Demier’s Landing (control) (b)

SRS Streams
Foumrile at Road A-7 (b)
Pen Branch discharge at swamp (b)
Steel Creek at Road B (b)

Lower Three Rrms mouth (b)
Lotier Three Runs mouth (control) (b)

a. Source: Amett, Marnatey,and Spitzer (1996).
b. Activityis belowtie lower levelof detection.

0.00670
0.00094

0)
0.00068
0.00083

0.417
0.0063
0.0077

(b)

(b)

0.788
I .49
0.203
1.43
0.262

0.954
1.39
0.356

(b)
(b)

0.000612
0.00109
0.00130
0.00282

(b)

0.000558
0.00145
0.00136

(b)
(b)

0.00289
0.00586
0.00823
0.00505
0.001260

(b)
0.0141
0.00949

(b)
(b)
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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 Radiatinn Levels in Steel Creek

From 1955 to 1973, the SRS released approxi-
mately 284 curies ofcesium-137 to Steel Creek
(DOE 1984). A sharp decrease in the release of
cesium- 137 occurred during the early 1970s
when DOE fitted all reactors with sand filters,
demineralized the basin water before release,
removed leaking fuel elements from the reactor
basin to a safe storage area, and finally discon-
tinued the practice of direct discharge of disas-
sembly basin water to Site streams, The
estimated inventory (decay corrected to 1996)
ofcesium-137 remaining in Steel Creek was
58 curies – 7 curies upstream from L-Reactor,
26 curies between L-Reactor and the Steel
Creek delta, 18 curies in the Steel Creek delta,
and 7 curies between the delta and the SRS
boundary (PRC 1996).

The SRS discharged an estimated 27 curies ( 15
from L-Reactor and 12 from P-Reactor) of co-
bah-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 ei-
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 (e.g.,
EG&G 1992) conducted since 1974 indicate that
the radionuclides have remained channeled in a
zone that correlates with the historic stream
channel and floodplain for Steel Creek.

4.2.8.2 Environmental Impacts

As previously discussed in Section 4.2.2.1, trit-
ium levels in Steel Creek, Lower Three Runs,

L1&09 Foumile Branch, and Pen Branch are expected
to increase under the No Action Alternative
from the 1996 levels due to removal of the

TEI Table 4-45. Releases ofcesium-137 to onsite streams from reactor operations,a

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 ~

Total 563

a. Source Cummins,Hetrick, and Martin (1991).
b. A tributary of Fourmile Branch.
C. A tributary of Pen Branch,
d. rotal releaseto Par Pond, R-Reactor Canals,and Lower ThreeRuns.

a
1
I
1
1
1
I
8
1
1
I
1
1

I
!
I
1
I
1



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 tbe
largest incremental increase in tritium levels
(52.2 pCi/ml). In addition, for Steel Creek un-
der the Shut DOW and Deactivate and Shut

Down and Maintain Alternatives, an increase in

contaminated sediments is likely during periods
of heavy rainfall. Therefore, for tiese altern-
ativesthe sediment 10SShas 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 maybe
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 oftbese 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.

l&09

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 derrnal 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 oftritium 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.

,

ITE
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TE Table 446. Worker ~adio]ogical closes associated ~i~ the Shut DOW~ and f)eaCtiVate A[temative and

resulting health effects.a
ShutDown 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

(cment use)

Annualc

Lifetimed

All involved workerse
(current use)

Annualc (person-rem)

Lifetimed @erson-rem)

Average involved worker
(future use)

Annualc
Lifetirned

All involvedworkerse
(future use)

Anrrualc(person-rem)
Lifetimed(person-rem)

Uninvolvedworkerf

4.9 x 10-10

6.6 x 10-9

3.4 X 10-8

4.6 X 10-7

1.1x 1o-8

1.5 x 10-7

7.6 X10-7
l,OXIO-5

No impact

2.0 x 10-13

2.6 X 10-12

1.4X IO-II

1.8 X 10-1o

4.3 x 10-12

5.8 X 10-11

3.0 x 10-1o

4.1 x 10-9

4.5 X 10-8

2.0 x l&7

3.1 X 10-6

1.4 X1 O-5

9.7 x 10-7

I.6x1O-5

6.8 x 10-5
l.l xl&3

1.8x I0-11

8.1 X 10-11

1.3 x 10-9

5.7 x 10-9

3.9x 10IO

6.4 X 10-9

2.7 X 10-8

4.5 x 10-7

a. Supplemental information provided in Tables C-25, C-26, C-31, and C-32 in Appendix C.
b. For the exposed irrdividual worker, probability of a latent fatal carrcen for the worker population, number of

fatal cancers.
c. Annual individual worker doses carI be compared with the regulatory dose limit of 5 rem (10 CFR 835) and

with the SRS acbninismative exposure guideline of 0.8 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, The

TE I 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 worker% doses are cor-

rected for radioactive decay.
e. Estimated to be 70 workers.

Occupational Health

Additional sediments from L-Lake would ap-
pear in Steel Creek during periods of heavy
rainfalL This increased sediment loading would
result in increased concentrations in the surface
water, and eventually higher concentrations in
shoreline sediments in the S eel Creek corridor
and delta. These higher concentrations would
result in increased exposure to constituents that

would result in incremental impacts from direct
exposure (e.g., derrnal exposure) pathways. The
following paragraphs describe these impacts.

Radiological HeaIth

Radiological doses and resulting impacts asso-
ciated with tbe Shut Down and Deactivate Al-
ternative would be due to sediment losses from

TE I the L-Lake bed. Table 4-46 lists these doses

4-126

I
1
I
I
1
1
I
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a
I
I
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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 ofa 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
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.

TE

TC

Nonradiological Health

Nonradiological health impacts (hazard index
and carrcer 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 sarue as those dis-
cussed in Section 4.1.8. Table 4-47 lists the re-
sults. As listed, the calculated hazard indexes
for tie 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
be a small fraction of 1. Therefore, there is a
very low probability that these individuals
would experience adverse health effects.

4.2. S.2.3 Shut Down and Maintain

For the Shut Dom and Maintain Alternative,
DOE would discontinue pumping to the reactor
areas orrd 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 DOW and Deactivate.

Table 4-47. Worker nonradiological, noncarcinogenic hazard indexes and cancer risk associated with
the Shut Down and Deactivate Altemative.a

Annual (lifetime)
Receptor Totalhazard index latent cancerriskb

Involvedworker 8.6 x 10-5 7.9 x 10-12
(currentuse) (3.9 x 10-11)
Involvedworker 1.8 X 1@3 1.5 x 1o-1o TC

(future use) (3.6 X10-9)
Uninvolvedworkefi No iMpaCt No impact

a. Supplementalbrfomation is provided in TablesC-33 and C-34 in AppendixC.
b. Resultingfrom exposureto beVllinrrrand arsenic in sediments.
c. Steel Creekbed remains saturatedand thereforeno atnrosphericreleasesto 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 Pent 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- aDd
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 Pent 1987b). In July 1964 the Atomic En-
ergy Commission suspended operations of
R-Reactor and placed it on standby. Afier 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 tie reactor heat exchangers, where it
reached temperatures of approximately 158°F
(70”C), and discharged tirough a series of pre-
cooler ponds and canals into Pond C (Du Pent
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 horn 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
water 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 Pent
1987b). However, reactor operations reduced
achsalreplacement time to68 days. The shorter
replacement time caused increased mixing in
the lake and resulted in a more homogeneous
distribution of nutrients and plrmkton than
would have occurred without pumping activi-
ties.

The natural morphome~ of southern portions
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 noticeably steep
slopes on the east side of the reservoir near the
Hot Dam (Du Pent 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) res-
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 phosphorus, ni-
trate, silica, potassium, magnesium, calcium,
sodium, chloride, inorganic carbon, and total
dissolved solids in the euphotic zone tian Par
Pond (Du Pent 1987b). The higher solids and
nutrient levels in Par Pond were attributed to the
higher levels of nutrients and suspended solids
in Savannah River makeup water entering Par
Pond.

Releases from R-Reactor in the form of process
leaks, purges, and makeup cooling water con-
taminated Par Pond with low levels of radioac-
tive materials, primarily cesium- 137. Releases
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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 tiom Savarmah River water and half
from natural sources (i.e., soils inundated when
the resewoir 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 mearr sea level, reducing its
volume by approximately two-thirds (DOE
1995a). The drawdowrr exposed some
1,340 acres (5 square kilometers) of lakebed,
roughly half tbe normal surface area of the res-
ervoir (Marcy et al, 1994). In 1995 after dam
repairs were completed, the reservoir was re-
filled imder a Comprehensive Environmen~l
Response, 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 Sovannah 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 nutrient
inputs to the reservoir. However, in a Finding
of No Significant Impact (DOE 1995b), DOE
concluded that the proposed action (a compo-
nent of which was the natural fluctuation of tie
water level in Par Pond) was not a major Fed-
eral action “significantly affecting the quali~ of
the human environment within the meaning of
tbe National Environmental Policy Act.”

4.3.1 GEOLOGY AND SOILS

4.3.1.1 Affected Environment

This section identifies the geologic and soil
features of the Par Pond area that the alterrza-
tives described in this EIS could affect. Sec-
tion 4.1.1 describes the regional geology arrd
soils.

TE 4.3.1.1.1 Stratigraphy

By analyzing the geologic map of the site, it can
be determined that the Tobacco Road Formation
outcrops along approximately 60 percent of the
western side of Par Pond and the Dry Branch
Formation outcrops along the upper reaches of
the lake. Section 4.1.1.1 describes these forma-

‘Wc tions that could he 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) (lJSDA

1990):

● Blanton sand, Oto 6 percent slopes (BaB)

. Fluvaquents, frequently flooded (Fa)

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

4.3.1.2 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

TE

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-

TE
ml fluctuations will maintain lake levels above
195 feet (59.4 meters) above mean sea level ‘c
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 DOW
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 tie River Water System to refill
the lake.

4.3.2 SURPACE WATER

4.3.2.1 Affected Environment

Par Pond was a cooling water reservoir for P-
and R-Reactors until 1964, when DOE shut
R-Reactor dom (Wilde 1985). It continued to
receive heated cooling water until 1988, when

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 tie 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
mesotropti]c lake (reservoir).

A comprehensive biological monitoring pro-
granr 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 samp-
ling location on Par Pond, near the darn, 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 Darn. The drawdown began in June
1991 and the water level reached 181 feet by
September 1991. DOE repaired the darn 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-
tanrinant levels in the ecosystem and ecological
changes resulting from tie drawdowrr.

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 sanrpling program measures and
monitors parameters and constituents that could
quickly indicate impending anoxia (oxygen de-
pletion) or eutrophication (nutrient enrichment).

4-131
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siderably lower in nutrients than water pumped
from the Savannah River, the addition of water
to Par Pond through tie River Water System re-
sulted in nutrient enrichment. On the basis of
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characteristics, Par Pond is an oligotrophic to
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A comprehensive biological monitoring pro-
granr 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 samp-
ling location on Par Pond, near the darn, 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 Darn. The drawdown began in June
1991 and the water level reached 181 feet by
September 1991. DOE repaired the darn 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-
tanrinant levels in the ecosystem and ecological
changes resulting from tie drawdowrr.

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 sanrpling program measures and
monitors parameters and constituents that could
quickly indicate impending anoxia (oxygen de-
pletion) or eutrophication (nutrient enrichment).
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TE Table 4.48. Water quality parameters for Par Pond near the dam (January 1990-December 1991).

Item Mean

Water temperature ~C) 18.1

PH 6.33

Dissolved oxygen (m#l) 6.01

Specific conductance (pmhoslcm) 70.0

Total suspended solids (mg/1) 2.02

Alkalinity (mg CaCO,/1) 14,6

Chloride (mg/1) 5.73

Sulfate (m~l) 4.62

Total calcium (m~l) 3.42

Total magnesium (mg/1) 0.84

Total sodium (m#l) 6.15

Total potassium (mg/1) 1.04

Total aluminum (m~l) 0.032

Total iron (rng/1) 0.517

Total manganese (mg/1) 0.251

Total phosphoms (m~l) 0.032

Ortho-phosphate (mg/1) 0.007

Total Kjekihal Nitrogen (mg/1) 0.302

Ammonia (mg N/l) 0.046

Nitrite (mg N/l) 0.003

Nitrate (mg N/l) 0.073

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).

Range Number of samples

8.5-31 96

5.54-7.25 84

0.02-11.6 96

46-126 96

0-10 96

6.73-40.3 96

3.25-8.0 28

3.6-7.8 28

2.44-4.72 28

0.593-1.04 28

3.07-9.05 28

0.54-1.38 28

0.006-0.109 28

0.015-3.63 28

0.006-137 28

0.008-0.28 1,000

0-0.238 999

0-1.03 I ,000

0-0.891 I ,000

0-0.026 1,000

0-0.385 999

Mercury, a toxic metal, was present in detect-
able concentrations at 20 percent of the sample
sites; elevated levels of mercury have accumu-
lated in sediments from pumping water from the
Savannah River. The average concentration, 39
parts per billion, was below the EPA Region IV
sediment screening value (130 parts per billion;
EPA 1995). However, the highest mercu~ con-
centration, 323 parts per billion, exceeded the
EPA Region IV screening value for mercmy in
sediments. The highest mercrr~ concentrations
occrs~ed 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 arrd 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, arrd 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 tie Par Pond
drawdown and refill suggest the refill had little
effect on contaminant levels in the aquatic ecO-
system. There was no evidence of Iong-term re-
suspension of contaminants in the water or of
extensive redistribution of contaminarrts as a re-
sult of sediment movements [although localized
downslope movements of contaminants on the
exposed shoreline during the drawdowrr 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).

4.3.2.1.3 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-basirr overflow (pumped
river water), nonprocess cooling water, building
drains, arrd 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
arrd 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 mearr sea level (DOE
1995a); however, these exercises had some un-
certainty due to assumptions they made about
the grourrdwater 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 tfre 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 l,,

components that represent actual flows in or out

nf Par Pond (Hiergesell and Dixon 1996).
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Table 4-49. Inflow and outflow terms (cubic feet per second).a,b
7E Inflow Terms

Water budget component Long-term average flux rate

Precipitation over Par Pond 13

Surface runoff entering Par Pond 11

Groundwater seepage into Par Pond 13

Long-term average canal inflow to Par Pond ~

Total 60

Outflow Terms

Water budget component Long-term average flux rate

Evapotranspiration from Par Pond 13

Seepage loss to groundwater 7

Spillway discharge Q

Total 60

a. Source: Hiergesell and Dixon (1996).
b. To convert cubic feet to cubic merers, multiply by 0.02832.

Using the water balance results, data on Par
Pond water levels with 5,000 gallons per minute
(O.32 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

4.3.2.2.1 No Action

There would be no impacts to Par Pond surface
water resources if DOE decided to implement

tbe No-Action Alternative. The SRS ceased

river water inputs to Par Pond in January 1996

and allowed the water level to fluctuate nato-

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

to 195 feet (59.4 meters). Although the Par

Pond water level has not decreased below

199 feet (60.7 meters) since January 1996, it
could fluctuate by as much as several feet in re-
sponse to seasonal changes in rainfali and
evaporation. Considerable research on the ef-
fects of fluctuating water levels in reservoirs
indicates fiat fluctuations are not harmful and
might even be beneficial if they are not extreme
and match the fluctuations generally character-
istic of a normal hydrological cycle (i.e., high in
spring and low in late fall and early winter).
Fluctuations in the Par Pond water level would
follow natural patterns. Under this alternative,
DOE would maintain the capability to resume
river water inputs to Par Pond if water levels
dropped below 195 feet (59,4 meters).

The cessation of river water inputs has resulted
in the reduction of nutrients entering Par Pond
from the Savannah River. The reservoir is
likely to change from a moderately productive
state to a water bndy that more closely resem-
bles typical southeastern reservoirs that do not
experience substantial nutrient input (DOE
1995a).
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4.3.2.2.2 Shut Down and Deactivate

Surface-water impacts under this alternative
would be the same as those discussed for No
Action except DOE would lose the capability to
restart the river water pumps and refill Par Pond
to an appropriate level if one of the monitored
indicator values (e.g., a water quality parameter

or a biOtic index) exceeded established thresh-
old levels.

4.3.2.2.3 Shut Down and Maintain

Surface-water impacts to Par Pond under this
alternative would be the same as those discussed
for No Action.

4.3.3 GROUNDWATER

This section describes the site-specific ground-
water conditions near the Par Pond aquifers.

4.3.3.1 Affected Environment

Aquifer Units

Section 4.1.3 discusses the regional hydrogeol-
ogy. Thewater table aquifer discharges alOng
theedges of Par Pond(Hier~esell 1996). Based
on a review of Well No. P24 on cross sections
(Aadland, Gellici, and Thayer 1995), the first
confined aquifer occurs at approximately
100 feet (30 meters) above mean sea level and
approximate y 100 feet below the mean reser-
voir water elevation.

Groundwater Flow

The water table aquifer flows away from P-Area
(west to east) (see-Figure 4-12) and discharges
to tie west side of Par Pond. Specific hydraulic
properties for the water table aquifer are limited
in the Par Pond area, so Table 4-1 uses sitewide
hydraulic properties of the water table aquifer.
According to the pontentiometric surface map
of the first confined aquifer (Figure 4- 12),
groundwater flows in a south/ southeast direc-
tion below and away from Par Pond. Data on
the hydraulic properties of the first confined

l,,

aquifer in the Par Pond area are also limited and
sitewide data are used here as well (Table 4-2).
Water from Par Pond recharges both aquifers
below the dam. Therefore, water in Par Pond
does not directly affect the first confined aqui-
fer. According to assumptions used in Hierge-
sell (1996), there is a leakage from Par Pond
through tbe water table aquifer and into the first
confined aquifer. Based on a review of hydros-
tratigraphic cross sections and maps (Aadland,
Gellici, and Thayer 1995), groundwater is ap-
parently not connected (i.e., a groundwater
mound exists between lakes) between Par Pond
and L-Lake aquifers.

Groundwater Quality and Usage

The quality of groundwater has been adversely
impacted in P- and R-Areas west of Par Pond
(WSRC 1996.). However, the extent of that
impact is not fully known and is under investi-
gation. The SRS does not use the water table
aquifer or first confined aquifer in the area of
Par Pond.

4.3.3.2 Environmental Impacts

4.3.3.2.1 No Action

Currently, Par Pond receives no R]ver Water
System outfall discharges. Therefore, the River
Water System has no current effect on either
aquifer in the vicinity of Par Pond. By continu-
ing the operation of the River Water System,
DOE does not anticipate any future effects on
either aquifer at Par Pond.

4.3.3.2.2 Shut Down and Deactivate

The outfall from the River Water System does
not currently contribute to the groundwater in
either aquifer at Par Pond. Therefore, the
groundwater flow rates, flow direction, and wa-
ter quality in both aquifers would not be af-
fected by a shutdow alternative. The overall
groundwater contribution to tie lake elevation
would remain essentially constant, and there
would be no change in the current groundwater
contribution from Par Pond to the water table
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l,,
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DOE does not anticipate any future effects on
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The outfall from the River Water System does
not currently contribute to the groundwater in
either aquifer at Par Pond. Therefore, the
groundwater flow rates, flow direction, and wa-
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aquifer and the first confined aquifer in Lower
Three Runs.

4.3.3.2.3 Shut Down and Maintain

The impacts described in Section 4.3.3,2.2
would also apply toth~saltemative.

TCI

‘ 4.3.4 AfR RESOURCES

4.3.4.1 Affected Environment

DOE assumes that the climate, meteorology,
and ambient air quality for Par Pond are
equivalent to those for the SRS, which are dis-
cussed in Section 4.1.4.1.

4.3.4.2 Environmental ImDacts

4.3.4.2.1 No Action

DOE is allowiug the level of water in Par Pond
to fluctuate, as discussed in Section 4.3.2.2.2.
The estimated lowest water elevation for Par
Pond is 197 feet (60 meters) above mean sea
level, which could expose up to 340 acres
(1.4 square kilometers) of sediment (Gladden,
Paller, and Mackey 1995). Winds could cause
the exposed sediment to become resuspended as
airborne particulate.

DOE used the MEPAS model to estimate
quantities of resuspended particulate originat-
ing from exposed sediment (Droppo et al.
1995), incorporating joint frequency wind data
from the L-Area wind tower for the period from
1986 to 1991 (Simpkins 1996a). Data from the
L-Area tower is representative of Par Pond due
to its proximity. The algorithm used by
MEPAS to calculate the particulate emission
factor has a parameter for the frequency of dis-
turbances to the dried shoreline sediment. For
conservatism, a factor of 30 disturbances per

T~ 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,

Table 4-50 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-

~~ Iina Department of Health and Environmental
Control (SCDHEC 1976). As can be seen from
the table, the resuspension of particulate matter
from Par Pond produces only minimal concen-
trations by comparison to the allowable concen-
tration.

Table 4-50. Maximum ground-level concentrations of nonradiological air constituents at the SRS
boundary under the No-Action Alternative.

Modeledmaximum air Maximum allowable
NonradiOIOgical concen~ationa concentration

constituent (vtim3) (ptim3)

Manganese 2.5 X 10-6 I.0

Mercury 1.2 X10-6 0.25

PMIOC 15 50 (annualaverage)
150(24-houraverage)

a. DOE assumed 30 disturbances per month(i.e., once per day) of the Iakebedso that the calculatedair concen-
tration is an upper bound of the concentrationover any time period (e.g., week,month, year).

b. Source: SCDHEC (1976).
c. PMIOis particulatematterwith a dlarneterof 10microns (0.00001m) or less.
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The estimated airborne maximum SRS bomrd-

~r’y-lmeconcentrations of radionuclide~ ~e~ult-
mg from the resuspension of dried lakebed
sediments would be 1.63 x 10-4 and 6.0 x 10-7
picomrrie 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 oftbe doses, are much less than the
10 millirem requirement of 40 CFR 61 arrd
would not contribute mry appreciable dose the
normal site emissions from the SRS.

4.3.4.2.2 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 quali~ would be
minimal.

4.3.4.3 Combined Impacts of L-Lake, SRS
Streams, and Par Pond

4.3.4.3.1 No Action

The continued operation of the R]ver Water
System would have minimal impact on the ex-
isting ambient air quality at the SRS. DOE
would maintain L-Lake arrd 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-

ITC

Tc

TC

tion 4.3.4.2.1 discusses potential impacts to
ambient air quality due to this natural fluctua-
tion.

The primary contaminams 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 1996.).

There would be minimal impacts to the ambient
air quality as a result of the continued operation
of the R]ver Water System.

4.3.4.3.2 Shut Down and Deactivate

The shutdown arrd deactivation of tie River
Water System could cause the level of water in
L-Lake to recede as discussed in Sec-
tion 4.1.2.2.2 arrdbecome 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 mearr sea level, which
would expose as much as 340 acres (1.4 square
kilometers) of sediment (Gladden, Paller, md
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, tierefore,
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.

TC

TC
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rable 4-51. Maximum ground-level concentrations of nonradiological air constituents at the Savannah
liver Site boundary under the Shut Down and Deactivate Alternative.

Modeled maximum air Maximum allowable
Nonradiological concentration concentration

constiment (ptim3) (vtim3)

Antimony 8.6 X10-6 2.5

Arsenic 2.2 x 10-5 1.0

Beryllium 2.9 X10-6 0.01

Cadmium 1.3 x 106 0.25

Lead 1.8 X10-5 1.5 (calendarquarter average)

Manganese 2.6 X 10-6 25

Mercury 1.2 X10-6 0.25

PM]Oc 16 50 (annualaverage)
150(24-hour average)

a. DOE assumed 30 disturbances per month (i.e., once per day) of the lakebed so that the calculated air concerr.
tration is an upper bonrrd of the concerr’uation over my time period (e.g., week, month, year),

b. Source: SCDHEC (1976).
c. PM 1n is narticulate maner with a diameterof 10 microns (0.0000 I m) or les.

Table 4-52 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

‘c all potential exposure pathways (e.g., ingestion
of vegetation, direct exposure to radiation) that
are the result of material being suspended and
transported to tbe site boundary. These doses
are much less tian the 10 millirem per year re-
quirement in40CFR61.

A benefit to the environment would be the re-
duction of fugitive evaporative tritium emis-
sions from the L-Lake surface water, The
maximum calculated reduction in airborne trit-
ium concentration would be 0.073 picocurie per
cubic meter.

The combined effects of the shutdown and de-
activation of the River Water System would
have minimal impact on the ambient air quality
at SRS.

4.3.4.3.3 Shut Dowrr and Maintain

The combined effects of this alternative would
be the same as those described in Sec-
tion 4.3.4.3.2. Increases in concentrations of
PM1o, air toxics, and radionuclides would be
within both State and Federal regulato~ guide-
lines.

4.3.5 ECOLOGY

The Environmental Assessment for the Natural
Fluctuation of Water Level in Par Pond and Re-
duced Water F[ow in Steel Creek below L-Lake
at the Savannah River Site (DOE 1995a) de-
scribes the impacts of the 1991-1995 drawdown
of Par Pond mrd the expected impacts of allow-
ing the surface water level of Par Pond to fluc-
tuate naturally from a full pool of approximately
200 feet (61 meters) to 195 feet (59.4 meters).
The alternatives considered in this EIS would
allow Par Pond to fluctuate naturally. They dif-
fer only to the extent that DOE would maintain
the operability of the River ‘Water System. The
actions considered in this E!S, in relation to Par
Pond, have undergone a thorough NEPA review.
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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. I

Modeled maximum air
Radiological concentration Dose from all pathways
constituent (pCilm3) (mrem/w)

cesium- 137 1.6 x 10~ 6.5 X 10-~

cobalt-60 6.1 X 10-7 1.0 x 10-5

plutOnium-239 3.7 x 10-8 3.5 x 10-5

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

uranium-23 3 9.6 X 10-7 9.3 x 10-5

thOrium-229 4.5 x 10-9 4.7 X 10-6

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

actbrium-225 4.5 x 10-9 3.0 X 10-8

a, DOE assumed 30 disturbancesper month (i.e., once per day) of the kikebed so that the calculated air concen-
tration is an upperbousrdof rhe concentration over any the” period (e.g., week, month, year). I

4.3.5.1 Affected Environment uptake and retention ofcesium-137 in birds
[wood ducks (Aix sponsa), coots (Frdica ameri-

4.3.5.1.1 Terrestrial Ecology cana), mouming doves (Zenaida macroura), I
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 infomration on the birds of the
SRS, with special emphasis on waterfowl and
threatened and endangered species (the red-
cockaded woodpecker, bald eagle, and wood
stork). Section 4.3.5.3 of this EIS describes
these threatened and endangered species and
their relative abundance aud distribution on the
SRS. Cothran et al. (1991) contains information
on SRS mammals, including those of the pa
Pond system. Gibbons et al. (1986) presents
useful infomration on the distribution assdabun-
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.Cd

L7-05

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
matchability or any other aspect of the breeding
biology of these birds” (Kennamer, McCreedy,
and Brisbin 1993) and “...do not indicate any L7-@4

present health hazard to the general public who ‘7”05
may use them for food” (Brisbin, Geiger, and
Smith 1973). Moreover, these species (all of
which, except the chicken, are migratoW) 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).

Burger et al. (1996) examined concentrations of
metals (mercmy, lead, cadmium, selenium,

manganese, and chromium) in tissues of
L7-04

mourning doves that foraged on herbaceous
L7.05

vegetation growing in the Par Pond lakebed in
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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 cont701
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 srrweys of the Par Pond system con-
ducted from 1981 to 1985 revealed that 20 wa-
terfowl 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 Atkmtic flyway. Lesser scaup (Ayrha
afinis) were mOStnumerous, followed by
ring-necked ducks (A. CoIlaris), ruddy ducks
(Oxyurujamaicerzsis), 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 obsemed in areas receiving heated
effluent from P-Reactor. Recent sutveys con-
ducted by Savannah River Ecology Laboratory
scientists suggest that waterfowl use of Par
Pond has remained high.

The drawdown of Par Pond decimated marry
beds of mussels arrd clams that were stranded
when the reservoir waters receded (DOE
1995a). Although many freshwater mollusks
can sumive for several months by bumowing in
mud or moist soils (Pennak 1978), they camrot
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 watefiowl 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
and mollusks in areas where emergent vegeta-
tion ii growing, particularly when prefemed
plant foods (such as wild celery, smartweed,
widgeon grass, waterlily, buttonbush, arrd
pondweed) are not abundant (Sprunt aud Cham-
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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 sumival. 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). Suweys 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 Ecolo~

The aquatic ecology of Par Pond was studied
intensively from January 1984 through June
1985 as part of a Clean Water Act Section
3 16(a) thermal effects demonstration. It sup-
pofied a diverse phytoplankton community;
green algae had the most taxonomic representa-
tion, followed by the diatoms and blue-green al-
gae (Chimney, Cody, and Starkel 1985), In
terms of density, diatoms were the most abun-
dmrt 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 States.

Protozoans and rotifers were the numerical
dominants of the zooplankton community, with
protozoans more abundant in the winter mrd
spring, and rotifers in the summer (Chimney,
Cody, mrd Starkel 1985). Largt;r-bodied clado-
cerans and copepods were most abundant in the
summer, indicating a lack of strong pressure
from fish predation. As with the ph~oplarrkton,
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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) themral
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 (Lahidesthes sicculur), golden
shiner (Notemigonus cysoleucas), and Notr-opis
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 riparianwetlands. Smble
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 tie 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 pa
Pond as comprised of three classes: aquatic bed IL11-19
(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., matnre vegetation
communities) with low species diversity. Most
areas were dominated by only a few species of
perel nial plants, with few annual species.
Aquatic bed regions were dominated by lotus

(NeIrsmbolutes), waterlily (Nymphaea odorata),
and watershield (Braserria schreberi); emergent
wetlands were dominated by cattail (Typha spp.)

and maidencane (Panicum hemitomon); and the
scnzb-shnsb areas were dominated by willows
(.Salix spp.), sweet gale (Myrica spp.), and ma-
ples (.4cer 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 occuming on the newly exposed shoreline.
For the most part, grasses, sedges, and rushes
were the dominant fores, 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
egzeisetoides). Cattails are also scattered
throughout most of Par Pond, and long beds are
foming in the Middle Arm. Lotus expanded in
1996 into areas fomrerly dominated by cattails.
In addition, woody species, including loblolly
pine (Pirzwstaeda), 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 mm 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 smalle~ 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
instabili~ 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 tbe 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 is no
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 contanr inants in water,
sediments, and fish. Section 4.3.5.3 contains a
comprehensive assessment of potential impacts
to threaterred arrd endangered species of shutting
down the River Water System.

Aquatic Ecology

The environmental assessment (DOE 1995a)
noted that Par Pond had received continuous in-
fusions of nutrients for more than 30 years and
predicted that a reduction in nutrient inputs
would result in the development of aquatic
communities (i.e., plankton and fish) that more
closely resemble those of ~ical southeastern
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 because
of its chemical similariV.

The environmental assessment predicted that
fish populations would be reduced by fluctuat-
ing water levels and reduced nutrient inputs
when pumping of river water was discontinued,
Fluctuating water levels could hinder tbe repro-
duction of species (e.g., yellow perch and chain
pickerel) that spawn in shallow, weedy areas,
and would be particularly harrrrfid if reservoir
levels dropped precipitously during sensitive
periods (e.g., soon after eggs are deposited in
beds in shallow water).
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Wetland Ecolo~

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 varie~ 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
drawdowrr, tie 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 macrophves 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) @arumalani 1993). Both the
acreage and species composition of the aquatic
macrophYe community would be affected, but
impacts would be smaller, end a substantial md
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

drawdowrr 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 cyperirrus)
can benefit from lower water levels because
they require bare mudflats as a seedbed (Lantz
et al. 1964).

Many wetland vegetation species can suwive
and even thrive with heavily fluctuating water
levels; as a result, relative tolerance to the wa-
ter-level fluctuations that could occur would
deternrine 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 R]ley 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 macroph~e 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-
drawdowrr 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 almost4 years ofa 19-
foot (5.8-meter) drawdown that resulted in the
destruction of macrophyte beds and exposure of
seed banks. Given therelatively 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.

4.3.5.2.3 Shnt Down and Maintain

DOE expects impacts from this alternative to be
similar totiose from the No-Action Alternative.

4.3.5.3 Threaterred and Endangered Species

(SRFS 1994) describes Federally listed threat-
ened, endangered, andcandidate plant and ani-
mal species that occur ormightoccur on the
SRS. Atpresent, the SRSmonitors and protects
these species and has active management pro-
grams for the wood stork, red-cockaded wood-

TE pecker, andsrrrOoth cOneffower. Table4-53

presents Federally listed species.

4.3.5.3.1 Affected Ersvironment

Smooth coneflower (Echirracea 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 thatreceive ample sunlight (FWS 1995),
Two smooth coneflower populations have been
identified orsthe SRS: (l)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 1 mile
(1.6kilometers) eastofL-Lake. Neither poprs-
lation is in an area that activities associated with
the Proposed Action would affect. Therefore,
this EIS will not discuss this species further.

SavannahRiverSiteP reposed, Threatened, En-
dangered, and Sensitive Plants and Animals

Table 4-53. ~reatened andendangered plant andanimal species of the Savannah Riverside,

Common name (scientific name) Status

Animals

Bald eagle (Haliaeetus Ieucocephalus) Ta

Wood stork (Mycteria americona) Eb

Red-cockaded woodpecker (Picoides borealis) E

American alligator (Alligator mississippierrsis) TISAc

Shortnose sturgeon (Acipenser breviros~um) E

Plants

Smooth coneflower (Echirracea laevigata) E

a. T = Federally threatened species.
b. E = Federally endangered sDecies,-.
c. T/SA = Threatened due to Similarity of Appearmce to tie endangeredAmericancrocodile.
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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 “ckirrs” (Hooper, Robinson, and
Jackson 1980; FWS 1985). Each clan consists
of a mated pair, their cument 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
ckm roosts and nests in a group of cavity trees
called a colony, that carI include as marry as a
dozen trees and ofien occupy a roughly circular
area 1,500 to 2,500 feet (460 to 760 meters) in
diameter (Hooper, Robinson, aud 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, arrd 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, arrd beetles form the bulk of this
woodpecker’s food.

Bald Eagle (Haiiaeetus leucocephaIus)

The bald eagle is a permarrent breeding resident
of South Carolina, arriving in the fall (October
to November), nesting in midwinter (December
to Jtiuary), and migrating north to New Eng-
land and Canada in midsummer after young
have fledged (Sprunt arrd Chamberlain 1970).
Numbers of eagles in South Carolina have risen
steadily since the 1970s as a result of the na-
tional ban on certain orgarsochlorine 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, ~d Kennamel 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 nonresewoir (riverine and estuarine)
habitats (BryarI 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 sumounding
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 aud road kills (Spnmt
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,
arrd 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 arrd within 1 month an
eagle was reported over that lake (Mayer,
Hoppe, aud 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 srsmeys), 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
et al. 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 hvice
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 in
muddy or turbid water where birds that hunt
visually cannot feed. To feed efficiently, storks
forage in ponds where prey concentrate. This is
especially important during the breeding season,

because food requirements are greatest when
adults are nesting or caring for young (Sprrmt
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 trees. They breed during the dry
season when evaporation in shallow ponds con-
centrates aquatic prey (Kale 1978; Ehrlich,
Dobkin, and Wheye 1988). From northern
Florida to South Carolina, wood storks breed
from March to August,

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 (Coulter, 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, is in a 2.1-square-
mile (5.7-square-kilometer) cypress swamp near
Millen in Georgia. This wood stork colony is
the breeding area of most storks observed forag-
ing on the SRS. The SRS is approximately
28 miles (45 kilometers) from the Birdsvi]le
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 Pent
1987d).

Wood storks forage in shallow, open water areas
where prey concentrations are high enough to
ensure successful feeding. Ideal feeding condi-
tions usually occur in sheltered bodies of water
where depths range from 2 to 6 inches (5 to
15 centimeters), and where the water column is
relatively free of aquatic vegetation (Couher
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 Pent 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 Plarrta-
tion Sanctuary in the spring of 1986, tilled with
water to a depth of 6-12 inches (15 to
30 centimeters), arrd stocked with bluegill,
brown bullhead, and sterile grass carp (Coulter,
McCort, arrd 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 m=i-
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 pu~ose.

Wood stork use of Par Pond and L-Lake has
been intermittent and at fairly low levels in most
years. After the Par Pond drawdowrr 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, tvfo Carolina
bays east of the North Arm of Par P{nd were
used by foraging wood storks in 1993 arrd 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 sumeys
(LeMaster 1996).

Storks have been observed foraging and roost-
ing in several wetlands near L-Lake. Peat Bay
arrd an adjacent wetlarrd 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 marry as 100 storks observed
in a single survey. SRS personnel documented
stork use of two additional nearby wetlarrds,
Steel Creek Bay arrd mr umramed 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 mrd 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 arrd 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 rrrississippiensis)

The Americarr alligator, hunted almost to ex-
tinction by the middle oftbe 20th century, is
now a common resident of the big river
swamps, bayous, lakes, and marshes of Florida,
the Gulf Coast, rmd 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; Conantand Collins 1991). The
largest alligator ever captured on the SRS was
12.5 feet (3.8 meters) long (Gibbons and Sem-
Iitsch 1991). Incaptivity, 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 Pent
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 Steel Creek when it re-
ceived heated effluent and are now commonly
obsetied in and around L-Lake (Du Pent 1987*
LeMaster 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). Foumrile Branch contains small num-
bers of alligators in its lower reaches and delta,
most of which are probably immigrants

fiuveniles 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 alliga-
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 Steel
Creek drainage, with most animals found in the
delta or in the vicini~ of beaver ponds adjacent
to the stream. Lower Three Runs has histori-
cally supported a reproducing population of al-
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 filled, 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 109
to 266 animals (Brandt 1991). The size and age
structure of the population in 1988 [a high pro-
portion of young animals less than 6 feet
(1.8 meters) long) indicated an expanding
population. Brandt (1991) characterized the
population as “quite healthy” and suggested that
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the number of alligators would increase until the
carrying capacity (estimated to be around S00
individuals) was reached (Brrmdt 199I).

After Par Pond was drawn down (July-
September 1991) Savannti 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 tharr
300 feet (100 meters) from the new shoreline,
Brisbin et al. (1992) theorized that few hatch-
Iings survived, noting tiat wading bird use of
the area was heavy and that the young alligators
were exposed to these arrd other predators
(Iargemouth 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 othel
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 drawdowrr
indicated that clutch sizes were reduced by 10.9
percent compsred 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 resemoir was refilled in late-summer of
1994, flooding caused the destruction of one of
six nests studied and caused rm 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 firrction of
location and topography.

SavarrrmfrRiver Ecology Laboratory scientists
recentiy completed a study that compsred body
burdens of mercury in alligators from Par .?ond
with alligators from the Florida Everglades
(Ymochko et al. in press). Concentrations of
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mercury in kidney, muscle, arrd dermal scutes
were lower in Par Pond alligators tharr 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 kilogrsm) in muscle tissue of Par Pond
alligators was higher thsn advisory levels estab-
lished by the State of Florida (0.5 milligam per
kilogrmrr) or the U.S. Food and Drug Admini-
stration (1.0 milligrmrr per kilogrmn) as safe for
hummr consumption,

In January 1996, a large male alligator measur-
ing more tharr 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 milligrmrr per kilogrmrr for muscle,
33.6 milligram per kilogram for kidney, md
158.9 milligrmrr per kilogmm for liver (Brisbin
1997). The reason for these unusually high
levels of mercury is unknow, but long-lived
species such as the alligator tend to accumulate
more mercury thmr other groups, such as am-
phibiarrs mrd fish, that have much shorter life
spins. Mercury concentrations in tissues of in-
dividual animals within a population may vsrry
drmnatically with differences in age, body size,
diet, metabolic rate, sex, state of sexual matur-
ity, condition, habitat preference, md time of

year. The alligator found in Par Pond was at
least 22 years old, mrd may have been consid-
erably older.

Shortnose sturgeon (Acipenser brevirosfrurrr)

The shortnose sturgeon is mr arradromous fish
that spawns in la,rgeAtlantic coastal rivers from
New Brunswick, Canada, to nordr Florida (Scott
and Crossmmr 1973), A species of commercial
importmce around the turn of the century, the
shortrrose sturgeon is now listed by the National
Marine Fisheries Service as arr endmrgered 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).

Shortrrose 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) (Crarrce 1986; Rulifson, Hrrish, and
Thoeson 1982). Adults apparently return to na-
tal streams to spawn at 2- to 5-year intervals
(Rulifson, Huish, and Tboeson 1982). Eggs are
heavier than water and adhesive after fertiliza-
tion, sitilng 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
app~ently 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 storgeon larvae
\vere 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 (Musks 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-
Led existence of the shortrrose sturgeon in the
Savannah River” (Musks 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 shortrrose 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 Pent 1985).

A South Carolina Wildlife and Marine Re-
sources Division (now South Carolina Depart-
ment of National Resources) study of seasonal
movement and spawning habitat preferences of
Savannah River shortrrose 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 Pent 1985) sug-
gested that shortnose sturgeon spawned as far
upstream as the first migratory obstruction, the
New Savannah Bluff Lock and Darn. The South
Caroline Wildlife and Marine Resources Divi-
sion study appears to support this theory.

4.3.5.3.2 Environmental Impacts

Red-cockaded woodpecker

No Action

Although there are WO inactive red-cockaded
woodpecker’colon ies within a mile ( 1.6 kilome-
ters) of L-Lake (Colony61 to the west, in the
vicinity of Substation Number 3 and Colony 62
to the east, near the intersection of Roads B-4
and B-5), there are no active colonies witbin
several miles of the reservoir. Therefore, none
of the activities associated with the No-Action
Alternative at L-Lake would affect this wood-
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pecker, Receding water levels would not have
an effect on birds foraging, roosting, arrd nesting
in open pine woods miles away from the reser-
voir.

Although there are several inactive red-
cockaded woodpecker colonies and foraging W.
eas within 660 feet (200 meters) of the North
Am, of Par Pond (Colonies 64,65, and 70),
there are no active colonies within several miles
oftie reservoir. None of theactivities associ-
ated with the No-Action Alternative at Par Pond
would affect red-cockaded woodpeckers. Fhsc-
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 arrd 71) just west of
Steel Creek arrd 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, arrd
Road A-IS. Noneofthe 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 Dow 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 Brarrch or foraging in the L-Lake area.

Under the No-Action Alternative, Par Pond
would fluctaate 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 arrd
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 tie 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 Dowrr and Deactivate

Under tfris alternative, DOE researched the ef-
fect on eagles from exposure to contaminated ~E
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) arrd nonradiological (mercury)
contarninarrts. The analysis indicated that the
radiation dose to Par Pond eagles from food rmd
drinking water was approximately 0.0026 rad



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

TEI (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

TE (Table 4.54). Mercury concentrations Ofthis
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 Eag~e 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 mercu~

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 tian normal,
Bald eagles are known to gorge when food
supplies are unusually abundant (e g., on
spawned-out salmon in the Pacific Northwest).
However, they generally stop feeding when
their crops and stomach(s) are full (Stalmaster
1987) and might fast for several days after-
wards. Consequently, there is no reason to be-
lieve that eagles would eat unusually large
quantities of contaminated fish. They probably
would eat until satiated and then rest, conserv-
ing energy normally spent foraging. Implement-
ing this alternative could result in the complete
emptying of L-Lake in as few as 10 years (Jones
and Lamarre 1994). L-Lake could be reduced to

Table 4-54. Mercury concentrations ppm in largemoutb bass (parts per million).

Location Years Minimum Mean Maximum N
Clarks Hill Lakea 1988-91 <0.10 0.37 1.51 8
SavarmahRiver above SRSa 1988-93 0.16 0.44b 1.23 21
Savannah River at SRSa 1988-92 <0.10 0.75 1.61 31
Par Ponda 1988-94 0.11 0.94 3.2 52
Par Pondc 1991-93 0.05 ~~d 1.9 ?00

Par Ponde 1995 NA 0.67 3.18 38
Lower Three Rrmsa 1988-93 0.25 1.15 2.2 55
L-Lakea 1992-94 0.43 1.17 2.87 15
L-Lakef 1995 NA 0.43 1.07 49
Savannah River below SRSa 1989-94 <0.01 0.60g 1.40 42

a. From SRS Annual Environmental Reports ~flesW was analyzed).
b. Based on n=l 8 because some means not listed.
c. From Jagoe,Grasman, and Youngblood(1994); muscle was analyzed,
d. NA = Not available.
e. From I allerand Wike (1996a~ whole fish were analyzed.
f. FromPaller(1996); whole fish were analyzed.
g. Based on rr=41.
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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 (1Okilome-
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 md De-
activate Alternative.

Wood Stork

No Action

Under the No-Action Alternative, wood stork
use of L-Lake mrd Par Pond would continue to
be infrequent because neither resewoir 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 DOWCIand Deactivate Altern-
ative,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 (,,

(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 mercmy, DOE assumed that ap-
proximately half of this mercu~ came from
Savacmah 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” av-iarrspecies not exceed 0.10 part
per million arrd 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 mercmy in the liver than those that
consumed smaller fish or crustaceans, acrdsug-
gested that declining numbers of nesting wading
birds in southern Florida were due, in p~ to
]nercury 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 bean 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 Pa ~~Pond alligator population
(LeMaster 1996).

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 et al.
in press), however, female alligators would
probably not abandon established nests in re-
sponse to the drawdowrr, and would continue to
nest around L-Lake until food resources become
limited or crowding forces subdominmt animals
to disperse to other SRS wetlands. Male alliga-
tors would be more likely to leave tbe 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 over a
larger area than adults (Van Meter 1987) and are
not attached to breeding territories, would also
be expected to disperse to other areas when
competition for food or space becomes more
intense, The lagoons near SC Highway 125 and
the Steel Creek delta may provide suitable
habitat for some of these displaced alligators
(LeMaster 1996). Impacts to individual alliga-
tors in SRS streams would be minimal because
most of these animals are associated with beaver
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 similar
to those described for the Shut Down and Deac-
tivate Alternative.
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Shortrrose sturgeon

No Action

trained by the 5,000 -gallon-per-mimrte pump
seems remote.

Shut Down and Deactivate
Shortrrose sturgeon have never been collected or
observed in any of the tributaries of the Savasr-
nah River that drain the SRS. The reduction in
pumping to Formnile Branch and Pen
BrancMndian Grave Branch under tbe 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
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
p[amed, (z) the prefemed deep-water spawning
habitat of shortnose sturgeon, and (3) the
demersal natire of shortrrose sturgeon eggs and
larvae, the likelihood of a significant number of
shortnose sturgeon eggs and larvae being en-

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 shortrrose
stnrgeon eggs or larvae could be entrained.

Shut Dow 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 la~ae cOuld be entrained unless river
water pumps were res~ed.

4.3.6 LAND USE

4.3.6.1 Affected Environment

Section 4.1.6.1 describes the land and sumound-
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
cm’rent stares 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 effluent> 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 Imssacts

4.3.6.2.1 No Action

Under I;e No-Action Alternative, DOE would
not charlge the current uses of Par Pond; the
lake status would be the same as that described
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4.3.2.2.2 Shut Down and Deactivate

Surface-water impacts under this alternative
would be the same as those discussed for No
Action except DOE would lose the capability to
restart the river water pumps and refill Par Pond
to an appropriate level if one of the monitored
indicator values (e.g., a water quality parameter

or a biOtic index) exceeded established thresh-
old levels.

4.3.2.2.3 Shut Down and Maintain

Surface-water impacts to Par Pond under this
alternative would be the same as those discussed
for No Action.

4.3.3 GROUNDWATER

This section describes the site-specific ground-
water conditions near the Par Pond aquifers.

4.3.3.1 Affected Environment

Aquifer Units

Section 4.1.3 discusses the regional hydrogeol-
ogy. Thewater table aquifer discharges alOng
theedges of Par Pond(Hier~esell 1996). Based
on a review of Well No. P24 on cross sections
(Aadland, Gellici, and Thayer 1995), the first
confined aquifer occurs at approximately
100 feet (30 meters) above mean sea level and
approximate y 100 feet below the mean reser-
voir water elevation.

Groundwater Flow

The water table aquifer flows away from P-Area
(west to east) (see-Figure 4-12) and discharges
to tie west side of Par Pond. Specific hydraulic
properties for the water table aquifer are limited
in the Par Pond area, so Table 4-1 uses sitewide
hydraulic properties of the water table aquifer.
According to the pontentiometric surface map
of the first confined aquifer (Figure 4- 12),
groundwater flows in a south/ southeast direc-
tion below and away from Par Pond. Data on
the hydraulic properties of the first confined

l,,

aquifer in the Par Pond area are also limited and
sitewide data are used here as well (Table 4-2).
Water from Par Pond recharges both aquifers
below the dam. Therefore, water in Par Pond
does not directly affect the first confined aqui-
fer. According to assumptions used in Hierge-
sell (1996), there is a leakage from Par Pond
through tbe water table aquifer and into the first
confined aquifer. Based on a review of hydros-
tratigraphic cross sections and maps (Aadland,
Gellici, and Thayer 1995), groundwater is ap-
parently not connected (i.e., a groundwater
mound exists between lakes) between Par Pond
and L-Lake aquifers.

Groundwater Quality and Usage

The quality of groundwater has been adversely
impacted in P- and R-Areas west of Par Pond
(WSRC 1996.). However, the extent of that
impact is not fully known and is under investi-
gation. The SRS does not use the water table
aquifer or first confined aquifer in the area of
Par Pond.

4.3.3.2 Environmental Impacts

4.3.3.2.1 No Action

Currently, Par Pond receives no R]ver Water
System outfall discharges. Therefore, the River
Water System has no current effect on either
aquifer in the vicinity of Par Pond. By continu-
ing the operation of the River Water System,
DOE does not anticipate any future effects on
either aquifer at Par Pond.

4.3.3.2.2 Shut Down and Deactivate

The outfall from the River Water System does
not currently contribute to the groundwater in
either aquifer at Par Pond. Therefore, the
groundwater flow rates, flow direction, and wa-
ter quality in both aquifers would not be af-
fected by a shutdow alternative. The overall
groundwater contribution to tie lake elevation
would remain essentially constant, and there
would be no change in the current groundwater
contribution from Par Pond to the water table

4-135
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aquifer and the first confined aquifer in Lower
Three Runs.

4.3.3.2.3 Shut Down and Maintain

The impacts described in Section 4.3.3,2.2
would also apply toth~saltemative.

TCI

‘ 4.3.4 AfR RESOURCES

4.3.4.1 Affected Environment

DOE assumes that the climate, meteorology,
and ambient air quality for Par Pond are
equivalent to those for the SRS, which are dis-
cussed in Section 4.1.4.1.

4.3.4.2 Environmental ImDacts

4.3.4.2.1 No Action

DOE is allowiug the level of water in Par Pond
to fluctuate, as discussed in Section 4.3.2.2.2.
The estimated lowest water elevation for Par
Pond is 197 feet (60 meters) above mean sea
level, which could expose up to 340 acres
(1.4 square kilometers) of sediment (Gladden,
Paller, and Mackey 1995). Winds could cause
the exposed sediment to become resuspended as
airborne particulate.

DOE used the MEPAS model to estimate
quantities of resuspended particulate originat-
ing from exposed sediment (Droppo et al.
1995), incorporating joint frequency wind data
from the L-Area wind tower for the period from
1986 to 1991 (Simpkins 1996a). Data from the
L-Area tower is representative of Par Pond due
to its proximity. The algorithm used by
MEPAS to calculate the particulate emission
factor has a parameter for the frequency of dis-
turbances to the dried shoreline sediment. For
conservatism, a factor of 30 disturbances per

T~ 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,

Table 4-50 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-

~~ Iina Department of Health and Environmental
Control (SCDHEC 1976). As can be seen from
the table, the resuspension of particulate matter
from Par Pond produces only minimal concen-
trations by comparison to the allowable concen-
tration.

Table 4-50. Maximum ground-level concentrations of nonradiological air constituents at the SRS
boundary under the No-Action Alternative.

Modeledmaximum air Maximum allowable
NonradiOIOgical concen~ationa concentration

constituent (vtim3) (ptim3)

Manganese 2.5 X 10-6 I.0

Mercury 1.2 X10-6 0.25

PMIOC 15 50 (annualaverage)
150(24-houraverage)

a. DOE assumed 30 disturbances per month(i.e., once per day) of the Iakebedso that the calculatedair concen-
tration is an upper bound of the concentrationover any time period (e.g., week,month, year).

b. Source: SCDHEC (1976).
c. PMIOis particulatematterwith a dlarneterof 10microns (0.00001m) or less.
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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 Jamrary 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 tiis alternative would be the
same as those for the Shut DowrI arrd 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.

4.3.7 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 ~e.
actors artd 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
characteristically has wetlands along tbe shore-
line with pine and hardwood forests farther up
the slope. Marsh or shallow water vegetation
such as cattails inhabit cove areas, while deeper
areas provide habitat for open-water species
such as water lilies and lotus (Jensen et al.
1992). Figure 4-33 s“lowsPar Pond from
Road 8 looking north.

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 Dowrr and Deactivate

Activities associated with this alternative should
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 1995a,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 the 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 level dropped
below 195 feet (59.4 meters), aesthetic impacts
could occur (depending on how far down the
lake level dropped and for how long). There
would be some 10SSof vegetation and wildlife
habitat. Tree stumps would be exposed, dried
mud flats would appear for periods of time until
revegetation began, and there could be intermit.
tent odor problems. Figure 4-35 is a 1991 pho-
tograph of Par Pond at the 181-foot (55.2-meter)
pool elevation showing tie exposed shoreline
and wetkmds in the background. If the lake
level fell below 195 feet, DOE would apply
measures to minimize adverse effects of ex-
posed sediments in the Iakebed; these measures
would also help to minimize the aesthetic im-

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 R]ver 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
1995a)]. 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 tie
original stream corridors, Because its half-life
is 30 years, more tharr half of the cesium- 137
associated with Par Pond has decayed since the
releases occumed [cumently about 43 curies re-
main in Par Pond, more than hvo-thirds below
the 190-foot (57-meter) level]. Elevated levels
of mercury have accumulated in sediments from
water pumped from the Savannah R]ver (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 suiface-
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-

4-160

ters) exposing about 340 acres ( 1.4 square kilo-
meters) of sediment (Figure 4-36) (DOE 1995a).

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 arrd metals. Some of the soil
samples were analyzed for organic contami-
nants, none of which were detected above EPA
or Carradian screening criteria for contarninarrts
in terrestrial soils (Paller and Wike 1996b).

DOE detected a number of radionuclides in the
Par Pond sediments, but only cesium- 137 oc-
cumed consistently and at levels well in excess
of levels at the control sites. The geometric
mean concentration of cesium- 137 was 7.2 pi-
cocuries per gram; the maximum was 56.7 pi-
cocuries per gram (Paller and Wike 1996b),

DOE detected mercu~ in exposed dry sedi-
ments in concentrations high enough to be of
possible concern. Mercury concentrations were
characterized by a geometric mean and maxi-
mum levels of 62 and 485 microgmms per kilo-
gram, respectively.

4.3.8.2 Environmental Impacts

The 1995 environmental assessment (DOE
1995a) estimated human health impacts from a
natural fluctuation in Par Pond. However, DOE
calculated these impacts in accordance with
guidance provided by the EPA (EPA 1989), and
limited them to individuals working and living
(residential scenario) close to contaminated
sediments. The impacts, therefore, represent a
conservative upper bound of risk probability.

Impacts calc,llated for this EIS are based on
more realisti: exposure parameters (e.g., people
are assumed to not live close to contaminated
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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 R]ver 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
1995a)]. 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 tie
original stream corridors, Because its half-life
is 30 years, more tharr half of the cesium- 137
associated with Par Pond has decayed since the
releases occumed [cumently about 43 curies re-
main in Par Pond, more than hvo-thirds below
the 190-foot (57-meter) level]. Elevated levels
of mercury have accumulated in sediments from
water pumped from the Savannah R]ver (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 suiface-
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-
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ters) exposing about 340 acres ( 1.4 square kilo-
meters) of sediment (Figure 4-36) (DOE 1995a).

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 arrd metals. Some of the soil
samples were analyzed for organic contami-
nants, none of which were detected above EPA
or Carradian screening criteria for contarninarrts
in terrestrial soils (Paller and Wike 1996b).

DOE detected a number of radionuclides in the
Par Pond sediments, but only cesium- 137 oc-
cumed consistently and at levels well in excess
of levels at the control sites. The geometric
mean concentration of cesium- 137 was 7.2 pi-
cocuries per gram; the maximum was 56.7 pi-
cocuries per gram (Paller and Wike 1996b),

DOE detected mercu~ in exposed dry sedi-
ments in concentrations high enough to be of
possible concern. Mercury concentrations were
characterized by a geometric mean and maxi-
mum levels of 62 and 485 microgmms per kilo-
gram, respectively.

4.3.8.2 Environmental Impacts

The 1995 environmental assessment (DOE
1995a) estimated human health impacts from a
natural fluctuation in Par Pond. However, DOE
calculated these impacts in accordance with
guidance provided by the EPA (EPA 1989), and
limited them to individuals working and living
(residential scenario) close to contaminated
sediments. The impacts, therefore, represent a
conservative upper bound of risk probability.

Impacts calc,llated for this EIS are based on
more realisti: exposure parameters (e.g., people
are assumed to not live close to contaminated
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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.

4.3.8.2.1 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 river the average exposed areas
(Gladden 1996c) of dry sediment to use as input
parameters to dre MEPAS computer code,

TE 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 (Simpkins
1996c)], this EIS does not evaluate volatilize.
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
quarztity 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 frrture 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 with
the No-Action Alternative on the public, radio-
logical doses for the current land use scenario
were calculated to the maximally exposed indi-
viduals and population groups. For Par Pond,
only atmospheric releases from exposed sedi-
ments were evaluated because incremental
changes to water releases through the dam
would be very small. Therefore, this EIS does
not calculate doses and resulting impacts from
liquid releases for members of the public.

TE Table 4-56 lists calculated doses resulting from
atmospheric releases under the current land use
scenario. The annual doses (6.5 x IO-6rem to
the offsite maximally exposed individual and
2.3 x 10-3 person-rem to the offsite population)
would be small fractions of the doses from total
SRS releases in 1995 [0.20 milliiem to the
maximally expose~ member of the public arrd
5.1 person-rem to he population (Amett,
Mamatey, and Spitzer 1996)].
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Table 4-55. Average concentrations and invento~ of ~adionuclides and ~etal~ in par pOnd sediments,a ITE

Concenmation Inventon

Radionuclides (pCilg) (curies)

Cesium-137 10.9 2.41

Cobalt-60 0.04 0.0088

Metals (u@g) (grams)

Mercury 76.9 1.70 XI04

T’hallium 4.1 9.05 x 102

Manganese 169 3.73 x 104

a. Source: Paller and Wike (1996a).\

Table 4-56. Radiological doses and resulting impacts associated with the No-Action Alternative and re-
sulting health effects to the uublic.a

Individual Population

Total dose Probability of Total dose Number of
Receptor (rem) fatal cancer (person-rem) fatal cancers

Offsite maximally exposed individual
)

Annual 6.5 X10-6 3.3 x 10-9 NAC NA

Lifetimed 2.3 x 10-4 1.1 x 10-7 NA NA

Population

Annual NA NA 2.3 X 10-3 1.1 X 10-6

Lifetimed NA NA 7.6x 10-2 3.8X 10-5

a. -’””-” ““”–””–--”–-
b.

c.
d.—

Supplemental Intomatmn prOvlded m 1ables C-35 and C-36 m Appendix C.
The doses to the public horn 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 Amett, Mamatey, and Spritzer (1996).
NA = not applicable.
Based on 70 vears of exuosure: doses are corrected for radioactive decav.

Nonradiolo~ical Impacts Occupational Health

Table 4-57 lists the hazard index associated with ITE Radiolo~ic.al Impacts
the No-Action Alternative. The calculated haz-
ard index for the maximally exposed individual Doses to involved and uninvolved workers were

would be a small fraction of 1 aud, therefore, estimated for the No-Action Alternative using

this individual would not experience adverse the exposure assumptions discussed in Sec-

health effects. tion 4.1.8.2.2. Table 4-58 lists the incremental [TE
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Table 4-57. Nonradiological, noncarcinogenic hzard index associated with the No-Action Alternative
for members of the public.a

Receptor Total hazard index

Offsite maximally exposed individual 1.5 x 10-4

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

Tc

—

Lnulv,uual All wOrKers

Dose Probability of Dose Nmnber of
Receptor(s) (rem) fatal cancer (person-rem) fatal cancers

Involved workerb (cment use)

Anrrualc 4.2x 10-4 1,7 X1 O-7 2.9x 10-2 1.2X 10-5

Lifetimed 2.0 x 10-3 7.9 x 10-7 1.4 x 10-1 5.5 x 10-5

Involved workefi (future use)

AnIrualc 2.3 x 10-2 9.4 X 10-6 1.6 6.5 X 10-4

Lifedmed 4.4x 10-1 1.8 X 10~ 3.1 x 101 1.2X 10-2

Unirrvolved workerf

Amualc 7.7x 10-8 3.1 x lo-l] 8.1 X 10-6 3.2 X 10-9

Lifedmed 1,4 X 10-6 5.8 X 1o-1o 1.5 x 10-4 6.1 X 10-8

a. Supplemental information provided in Tables C-38, C-39, and C-40 in Appendix C
b. Estbnated to be 70 workers,
c. Annual individualworkerdoses can be comparedwith the regulatorydose limit of 5 rem (1OCFR 835) and

with the SRSadministrativeexposure guide~ie of 0.7 rem. Operationalproceduresensure that the dose to the
maximally exposed worker will remain as fac below the re=wlatory dose limit as is reasonably achievable.
Based on a total nf 13,65 I monitored workers (Kvirtek 1996), the 1995 average dose for all site workers who
received a measurable dose was 0.019 rem (See Table 4- 15).

d. Based on 5 years of exposure for current workers and 25 years of exposure for future and uninvolved workers;
doses ~e corrected for radioactive decay.

e. Esdrnated to be 70 workers,
f. L-Are< total uninvolvedworkers estimatedtobe251 [Source: Simpkirrs (1996c)].

worker doses [the increase in dose due to ac- Nonradiological Health
tivities prior to the Par Pond environmental as-
sessment (DOE 1995a)]. These doses represent Nonradiological health impacts (hazard index)
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. The
workers not exceed 5 rem per year, and a small exposure pathways and expomre times would
fraction of the SRS administrative limit of be the same as those discussed in Section
0.7 rem per year (WSRC 1995d). TE 4.1.8.2.1. Table 4-59 l.sts the results; the
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Table 4-59. Worker nonradiological hazard indexes associated with the No-Action Altemative.a

Receptor(s) Total hazard index

Involved worker (current use) 3.1 x 10-5

Involved worker (hture use) 5.6 X 10~

Uninvolved workerb 1.5 X 10-8

a. Supplemental infomration is provided in Tables C-4 1, C-42, and C43 in Appendix C,
b. E-Area.

calculated hazard indexes for the maximally ex-
posed involved worker ander the cument and
fnture 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-Are~ 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.

4.3.8.2.3 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
would 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 cument
land use scenario, the maximally exposed indi-
vidual was detemrined by normalizing atmosp-
heric releases from L-Lake (tritium) and Par
Pond to a center-of-Site reference and then

ITE

ITE
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Table 4-60. Combined radiological doses and resulting impacts associated with the No-Action Altern-
ative and resulting health effects to the public.a

Individual Population

Receptor Total dose Probability of Total dose Number of fati
(millirem) fatal cancer (person-rem) cancers

Offsite maximally exposed individual
(current use)

Annual 6.6 x 10-3 3.3 x 10-9

Lifetimed

NAC NA

2.3 X 10-1 1.1 X1 O-7 NA NA

Offsite maximally exposed individual
(future use)e

Annual 3.8 x 10-1 1.9 x 10-7 NAC NA

Lifetimed 1.3 x 101 6.6 X 10-6 NA NA

Population

Annual NA NA 3.6x 10-3 1.8 X 10-6
Lifetimed NA NA 1.OX 10-1 5.OX 10-5

a. Supplemental information provided in Tables 44,45, and 46 in Appendix C.
b. The doses to the public from total SRS operations in 1995 were 0.20 millirem to the offsite maximally exposed

individual (0,06 millirem from airborne releases nnd 0.14 millirem from aqueous releases) mrd 5.1 person-rem to
the regionsl population (3.5 person-rem from airborne releases and 1.6 person-rem from aqueous releases).
Source Amett, Manratey, and Spirzer (1996).

c. NA = not applicable.
d. Based on 70 yews of exposure; doses xe corrected for radioactive decay.
e. Assumes future recreational usc of L-Lake.

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 bound~.

For the future lmd use scermrio, 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 cument land use impacts for PaI
Pond.

The combined impacts to offsite populations
were determined by adding the population doses
mrd resulting impacts listed in Tables 4-17 and
4-56.

Table 4-60 lists combined annual doses result-
ing from releases under the current land use
scentio. The annual doses (6.6 x 10-3 millirem
to the offsite maximally exposed individual and
3.6 x 10-3person-rem to the offsite population)

TE

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 mrd
5.1 person-rem to the population (Arnett,
Mamatey, and Spitxer 1996)].

Under the future lmd use scenario, the annual
dose (0.38 millirem) to the maximally exposed
individual would be higher than under the cur-
rent land use scetmrio 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 afl causes. The annual
population dose (3.6 x 10-3 person-rem) under
future lmrduse scenarios would remain un-
changed from the current land use scentio. The
offsite population receiving this dose for
70 years would be likely to develop 5.0x 10-5
additional cancers. This is a smafl fraction of
the number of cancers that would be expected in
the same period of time from dl causes
(157,900) in the SRS 50-mile (80-kilometer)
population.
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Nonradiological Impacts

TE Table 4-61 presents thecombinedh=ard 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 (l.5x 10~)was listed

TE\ in Table 4-57. Forthefuture land use scenario,
the hazard index resulting from tie future use of

TE I.,-Lake (Table 4-18) would be added to the mrr-
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.

TE 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 ImDacts

Based on these assumptions, the combined im-
TE] pacts listed in Table 4-62 forthe involved

worker represent thegreater of the doses andre-
TCI suiting impacts listed in Tables 4-19 and 4-58.

To estimate the combined impact for the unin-
volved workers in L-Area, appropriate values

Tc 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 develop a
fatal cancer sometime during his lifetime as the
result of a single year’s exposure to radiation
under tbe No-Action Alternative and current
land use scenario would be 1.7x 10-7. For the
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
carrcer as a result of exposure.

Under tie 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-

rc Action Alternative would be 9.4 x 10-6, or ap-
proximately 1 in 100,000. For the total involved
workforce, the collective radiation dose could

Tc produce up to 6.5 x 10-4 additional fatal cancer
as the result of a single year’s exposure; over a
25-year career, the involved workers could have

TC 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 as a
result of the estimated exposure would be

TCI 1,6 x 10-11. For the total uninvolved workforce,

the collective radiation dose could produce up to

TabIe 4-61. Combined nonradiological hazard indexes and cancer risk associated with the No-Action
Alternative for members of the public.a

Ammal (lifetime)

I Receptor Total hazard isrdex latent c~cer risk:

OffSite maximally exposed ~divid”al 1.5 x 10-4 0
(currentuse)

TE
OffSitemaximallyexposed tidividual 6.2 X 102 3.1 x 10-7
(future use)d (2.1 x 10-5)

a. See Tables C-47 and C-48 in Appendix C.
b. Includes direct exposure pathways.
c. Resultirrg from exposure to beryllium in L-Lake surface water.
d. Assumes future recreational use of L-Lake.
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Table 4-62. Combined worker radiological doses and resulting impacts associated with the No-Action l,,
Alternative.a

Individual All workers

Receptor Probability of Dose Number of fatal
Dose (rem) fatal cancer (person-rem) cancers

Involved workcrb (current use)

Annualc 4.2 X 10-4 1.7 X1 O-7 2.9 X 10-2 1.2X 10-5

Lifetimcd 2.0 x 10-3 7.9 x 10-7 1.4X 10-1 5.5 x 10-5

Involved workerb (future use)

Annualc 2.3 X 10-2 9.4 X 10-6 1.6e 6.5 X 10-4

Lifetirrred 4.4 x 10-1 1.8 X 10-4 3.1 x 101 1.2X 10-2

Uninvolved workerf

Annualc 4,0 X 10-8 1.6x 10-11 1.OX 10-5 4.0 x 10-9

Lifetimed 6.5 X 10-7 2.6x 10-1o 1.6x 10-4 6.5 X 10-8

a.
b.
c.

d.

e.
f.

Supplemental information provided in Tables C-49 through C-54 in Appendix C.
Estimated to be 70 workers.
Annual individual worker doses can be compared with the regulatory dose limit of 5 rem (10CFR 835) and with
the SRS administrative exposure guideline of 0.7 rem. Operational procedures ensure that the dose to the
maximafly exposed worker will remain as far below the regulatory dose limit as is reasonably achievable. Based
on a toral 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

Based on 5 years of exposure for current workers arrd 25 years of exposure for future and uninvolved worker>
doses are corrected for radioactive decay.
Total for all involved workers; 1995 total for all workers was 256 person-rem (see Table 4.15). TE

L-Are+ estimated tobe251 workers [Source Simpklns (1996c)].

TC

an additional 4.0 x 10-9 fatal cancer as the result
of a single year’s exposure; over a 25-year ca-
reer, the uninvolved workers could have
6.5 x IO-8additional fatal cancer. This is a
small fraction of the natural incidence of cancer
from all causes and would be, therefore, a
minimal impact.

Nonradiological Impacts

The combined nonradiological health impacts
(hazard index) and cancer risks were calculate
for the current and futrrre land use scenarios for
the involved worker. The exposure pathways
and exposure times would be the same as those
discussed in Section 4.1.8.2.1. Table 4-63 lists
the result> 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

ITC

ITC

IT,

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 ha2ard 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 Dom 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, arrdexposures due to futore rec.
reational use of L-Lake. In addition, although
impacts from Par Pond would remain essentially
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TE Tab]e 4-63. Combined worker nonradiological hazard indexes andcmcer risks associated withtie No-

Action Altemative.a

Annual (lifetime) latent

Receptor Total hazard index cancer risk

Involved worker 2.1 x 10-4 9. I x 10-9

(current use) (4,5 X 10-8)

Involved worker 5.6 X 10-4 1.3x 1o-8
(future use) (3.1 x 10-7)

Uninvolved workefi 1.5 X 10-8 NAd

(NA)

a. Supplemental hfomation isprovided fiTables C-55, C-56, mdC-57ti Appendix C.
b. Nomadiological cuctiogens menotrele%ed to&e amosphere.
c. L-Area.
d. NA=not applicable.

unchanged from those for the No-Action Alter-
native, tie exposure of dry sediments in the
L-Lake bed would create a new set of exposure
pathways, Thecombined public andoccupa-
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, ~d4-57. These impacts were

combined to determine the location and result-
ing impacts to the combined maximally exposed

individual, and population doses were summed.

Public Health Impacts

Radiological Impacts

TE Table 4-641 iststhe combined doses and result-

ing impacts to individuals and population
groups for the Shut Down and Deactivate Alter-
native. Themaximally 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 combined maximally
exposed indlvidualwouid reside in the east
sector at the Site boundary.

The combined impacts to offsite populations
were determined by adding the population doses
andresulting impacts listed in Tables 4-21 and
4-56.

TE

As listed in Table 4-64, the ~nual doses
(6.9 x 10-3 millirem to the offsite maximally
exposed individual and 2.7 x 10-3 person-remto
the offsite population) would be small fractions
of thedoses from total SRSreleasestoin 1995
[0.20 millirem to the maximally exposed mem-
berofthe public and 5,1 person-rem to the
population (Arnett, Marnatey, and Spitzer
1996)]. These doses would result in cancer
probabilities much smaller than the natural
probabilities of developing cancer from all
causes.

Nonradiological Imoacts

Under the Shut Down and Deactivate Altern-
ative,the maximally exposed individual would
be exposed to atmospheric releases from ex-
posed sediments of L-Lake and Par Pond and
liquid releases from sediment mnoff from
L-Lake. DOE detemrined the combined haz;rd
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.a

No Action Shut Down and Deactivate

probabili~c or Probability or
number o; fatal number of fatal

Receptor Total dose carrcer Total dose cmcer

Offsite maximally exposed individual

Annual (millirem) 6.6 x 10-3 3.3 x 10-9 6.9 X 10-3 3.5 x 10-9
Lifedmed (millirem) 2.3 X 10-1 1.1 x 10-7 2.4 X 10-1 1.2 x 10-7

Population

Ammal @erson-rem) 3.6 X 10-3 1.8 X 10-6 2.7 X 10-3 1,4 X 10-6
Lifetimed @erson-rem) I.ox lo-l 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 arrd 0.14 millirem from aqueous releases) and 5.1 person-rem
to the regional population (3.5 person-rem from airborne releases and 1.6 person-rem from aqueous releases).
Source Amett, Marrratey, and Spitzer (1996).

c. 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 exuosurx doses are comected for decav.

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 healti
effects. In addition, the combined cancer risk
would represent a small faction of tie 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 TE

(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
worker represent the greater of the doses and re-
sulting impacts presented in Tables 4-23, 4-46,
and 4-58. DOE determined the combined im-
pacts for the mirrvolved workers in L-Area by

rE

TE

adding the appropriate values from Tables 4-~3 ITE

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;



Table 4-65. Combined nonradiological hazard index and cancer risks associated with the Shut Down
and Deactivate Alternative for members of the public .a

No Action Shut Down and Deactivate

Annual (lifetime) latent
Receptor(s) Hazard index Hazard index cancer riskb

Offsite maximally exposed 1.5 X1 O-4 2.2x 10-1 8.0 X 10-9
individual (5.6 X 10-7)

a. Supplemental information is provided in Table C-60 in Appendix C.
b. Resulting from inhalation of ch80mium and &ryllium in contaminated sediments.

TE T~bl~ 4.66. COmbined worker radiO]ogica] do~e~ associated with the Shut Down ~d Deactivate Alter.

native and resulting health effects.a
ShutdownandDeactivate

No Action Alternative Alternative

Probability or Probability nr
number of fatat

Receptor(s)
number of fatal

Dose cancer Dose cancer

Involved worker (current use)
Annualc (rem)

Lifetimcd (rem)

All involved workerse (current “se)

Annualc (person-rem)

Lifetimcd (person-rem)

Involved workers (future use)
Annualc (rem)

I Lifetimed (rem)

Tc All involved workerse(futare“se)
Annualc(person-rem)
Lifetimed(person-rem)

Uninvolved workersf
Annualc(rem)
Lifetimed(rem)

All uninvolved workersg
Annualc (person-rem)

Lifetimed (Person.rem)

t.

c.

TE

d.

e.

f.

4.2 X 10-4

2.0 x 10-3

2.9x 1O-2

1.4 XI0-1

2.3 X 10-2

4.4 x 10-1

1.6

3.1 x 101

4.0 x 10-8

6.5 X 10-7

1.OX 10-5

1.6x 10-4

1.7 x 10-7

7.9 x 10-7

1.2X 10-5

5.5 x 10-5

9.4 X 10-6
1.8x 10-4

6.5 X 10-4

1.2X 10-2

1.6x 10-11

2.6 X 10-1o

4.0 x 10-9

6.5 X 10-8

4.2 X 10-4

2.0 x 10-3

2.9 X 10-2

1.4 x 10-1

4.1 x 10-2

7.5 X1 O-I

2.9

5.2 X 101

1.5 X 10-6

3.5 x 10-5

3.7 x 10-4

8.7 x 10-3

1.7 x 10-7

7,9 X1 O-7

1.2X 10-5

5.5 x 10-5

1.6 x 10-5

3.0 x 10-4

1.1 x 10-3

2.1 x 10-2

5.9 x 10-10

1.4x 10-8

1.5 x 10-7

3.5 X 10-6

Supplemental in fornration provided in Tables C-61 through C-66 in Appendix C.
For the offsite maximally exposed individual, probability of a latent fatal canceq for the population, number of
fatal cancers.
Annual individual worker doses cm be comp~ed wi& the reg”lato~ dO~elimit of 5 rem (] OCFR 835) a“d ~i&
the SRS administrative exposure guideline of 0.8 rem. operational procedures ensure that the dose to the
maximally exposed worker will remain as far below the reowlatory dose limit as is reasonably achievable. The
1995 average dose for all site workers who received a measurable dose was 256 rem (see Table 4- 16).
Based on 5 yeas of expnsure for current workers and 25 years of exposure for fature and uninvolved workers;
dnses are corrected for radioactive decay.
Estimated to be 70 workers.
L-Area.

~. L-Area estimated tobe251 wnrkers [Soarce: Simpkins (1996c)].
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over a 5-year career, the involved workers could

have 5.S x 10-5 additional fatal cancer as a re-
sult of exposure.

Under the firtnre 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 Dowrr and Deactivate Alternative
would be 1.6 x 10-5, or approximately 1 in l,,

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 I
a single year’s exposure; over a 25-year career,

the involved workers could have 0.021 addi-
tional fatal cancer as a result of exposure.

The combined armual 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
workforce, the collective radiation dose could
produce up to arr additional 1.5 x 10-7 fatal can
cer as the result of a single year’s exposure;
over a 25-year career, the uninvolved workers
could have an additional 3.5 x 10-6 fatal cancel
as a result of exposure. These impacts would be 1
a small fraction of the natnral incidence of can-
cer from all causes.

Nonradiolozical Impacts

DOE calculated the combined nonradiological
health impacts (ha2ard 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 invoived 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 DOW 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 crurcer risks associated with the Shut
Down and Deactivate Altemative.a -

No Action Shut Down and Deactivate
Total hazard Amrual [lifetime) Total hazard Armual (lifedrrre)

Receptor(s) index latent cancer risk index latent cancer risk

Involved worker (crrrrent use) 2.1 x lo~ 9.1 x 10-9 1.1 x 10-2 6.6 X 10-8
(4.5 x 10-8) (3.3 x 10-7)

Involved worker (future use) 5.6 X10-4 1.3 X 10-8 2.1 x 10-1 1.2x 1o-6
(3.1 x 10-7) (2.9 X 10-5)

Uninvolved worke~ 1.5 X10-8 NAb 1.1 x 10-4 1.4 X1 O-9
(NA) (3.6 X 10-8)

a. Supplemental information is provided in Tables C-67, C-68, and C-69 in Appendix C.
b. NA = Not applicable. Nomadiological carcinogens are not released to atmosphere.
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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 identifi 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 oftbe 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 minori~ and low-
irmome 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 drafi 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.

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

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 ail tracts from Beaufon and Jasper Counties
in South Carolina and Effirrgham 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.

TE Tables 4.68 and 4-69 list racial and economic
characteristics, respectively, of the population in

TEI tire combined region. Table 4-68 indicates a
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 are
African American. The remainder of the popu-
lation of people of color consists of small per-
centages of Asian, Hispanic, and Native
American persons. Figure 4-38 shows the dis-
tribution of people of color by census tract areas
in the SRS region.

TEI Table 4-68. General racial characteristics of population in the Savannah River site region Of intere$t.a
Percent

Total People of African
state

Native people of
population White color American Hispanic Asian American Orher co]orb

South Carolina 418,685 267,639 151,046 144,147 3,899 1,734 911 355 36.08%

Georgia U a = = ~ ~ ~ ~ =.

Total 993,667 617,872 375,795 352,164 11,144 9,197 23457 833 37.82%

a Source: U.S. Bureau of the Cmsus (1990a).
b. people of color population divided by toIa] pop”latjo”.
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Table 4-69. General poverty characteristics of population in the Savannah River Site region of interest.a ITE

Area Total population persons living in povertyb Percent living in poverty

South Carolina 418,685 72,345 17.28%

Georgia a ~ W

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. Oneapproach istoidentifycom-
munities that contain a simple majority of peo-
ple of color (greater than or equal to 50 percent
of thetotal 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 ofminority per-
sons (EPA 1996). Forthis analysis, DOE has
adopted the second, more expansive, approach
toidentify 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 beween 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-
lationofthe tract. Inanadditiona150 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 pers~ns
in poverty as those whose income is less tha.1 a
“statisticalpovertythreshold.” This threshold is
a weighted average based on family size and the

ageofthe persons inthe family. The baseline
threshold for the 1990 census was a 1989 in-
come of $8,076 for a family ofhvo.

Table 4-69 indicates that in the SRS region,
more tiarr 169,000 persons (about 17.Opercent
of the total population) are characterized as liv-
ing in poverty. In Figure 4-39, shaded census
tracts identify low-income commrsnities. In the
region, 72tracts (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.

4.4.2 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 10w-
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 tie 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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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 ~es 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
(Section 4.4.2.2), which would have the greatest
offsite total population dose.

4.4.2.1 NOAction

Becau e the totxl 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 similw to the dis-
tribution of impacts for the Shut Down snd 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 Dowrr and Deactivate

TEI Figure 4-41 and Table 4-71 show the per capita
distribution of the total population dose (2.40 x
10-3 person-rem) for this alternative in types of
communities within the SO-mile(80-kilometer)
region. As shown in Figure 4-41, the analysis
indicates that atmospheric releases would not be

‘E 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 thmr 25 percent of
the total population) in the 50-mile region; that
is, in a horizontal comparison of Figure 4-41 the
per capita doses would not vary greatly among
community types.

Section 4.1.8.2.2 discusses predicted potential
doses to the offsite maximally exposed individ-
ual and the downstream population from expo-
sure to water resources. Those doses reflect
people using the Savannah River for drinking
water, sports, and food (fish). Because the
identified communities in the areas downstream
from SRS are well distributed and the potential
impacts would be so small, there would be nei-
ther K]ghly adverse nor disproportionate impacts
among people of color or low-income commu-
nities.

The distribution of carcinogenic and criteria
pollutant emissions would be essentially identi-
cal to those presented for airborne radiological
emissions because the distribution pathways
would be the same. As a resul~ people of color
or low-income communities would not be dis-
proportionately affected by nonradiological
emissions from any of the alternatives. Because
nonradio logical pollutant emissions would have
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igure 4-41. Community distributed impacts.

orrlv minimal imoacts for anv alternative. and would be the same as those for the Shut Down.
would not be disproportionately distributed and Deactivate Alternative, and the impacts

among different types of communities, no envi- would be neither highly adverse nor dispropor-
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

Table 4-71. Estimated per capita annual dose for identified communities in 80-kilometer region. IT,

Personsof color Low income

Greaterthan 35 percent to Less Omrr Non-low
For all 50 percentof 50 percent of 35 percent of Low income income

Distance communities poprdation pOprdatiOn population communities communities

0-16 km 4.33X1O-7 3.94X1O-7 4.57X1O-7 4.O7X1O-7 l,86xl&7 5.2x1O-7

O-32krrr 8.O9X1O-8 3.1x1o-8 2.26x1@7 4.o7x1o-8 4.4xIo-8 9.34x1o-8

O-48knr 2.22xI&8 5.75X1O-9 6.22x10-8 1.37x10-8 1.4x10-8 2.45x10-8

o-a km 1.48x1O-8 4.67x1O-9 4.o1x1o-8 8.31x1O-9 lXIO-8 1.6x10-8

0-80 km 1.31x1o-8 3.95X1O-9 3.3x1o-8 7.84x1o-9 8.62X1O-9 1.43x10-8

a. Per capitadose based on a populationdose of 0.002588 person-rem.
b. To convertmiles to kilometers,multiply by 1.6093.
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4.5 Cumulative Impacts

This section presents cumulative impacts from
the Proposed Action on the River Water System
when it is added to impacts from past, present,
and reasonably foreseeable onsite activities and
impacts 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 canresult from in-
dividually minor but collective significant
actions tilng place over a period of time” (40
CFR 1508.7).

Associated actions are another cnmponent of
this cumulative impacts section. Tbisanalysis
considers associated actions tbat 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-
tweenthe twoshutdown alternatives. Potential
impacts under the Shut Down arrd Deactivate
Alternative would be the worst case scenario
because DOE could not restart the system. Un-
der the Shut Down and Maintain Alternative,
DOE presemes 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 ;.ublic 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 identified in
Sections 4.3,4.3 (combined atmospheric im-
pacts) and 4.3.8.3 (combined occupational and
public health impacts) coupled with emissions
from existing and planned facilities or activities
and background concentrations. This analysis
includes the following facilities or activities:

● Existing facilities and activities:

– Savannah River Technology Center

– F- and H-Area Separations Facility

– Replacement Tritium Facility

– FiH-Area Effluent Treatment Facility

● Future facilities and actit,ities:

—

—

Proposed facilities and actions associ-
ated with SRS waste management

Proposed facilities and actions associ-
ated with interim management of nu-
clear materials

Proposed facilities and actions associ-
ated with stabilization of plutonium so-
lutions

Proposed facilities and actions associ-
ated with the Defense Waste Processing
Facility

Proposed facilities and actions associ-
ated with SRS spent nuclear fuel
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. 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.

. L-Lake Site Evaluation

. Remedial Action Process for Onsite Streams

. K- and L-Area Auxiliary Equipment Cool-
ing

● Wastewater Discharges to Onsite Streams

. K- and L-Area Fire Protection Services

LLake 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
RCWCERCLA Units List and will receive
future evaluation and potential remedial actions
under tie requirements of the FFA. The extent
of flow reduction in these streams is the same
under both shutdown alternatives being evah-
ated in this EIS; such a reduction could accel.
crate 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
stre~s 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 prefemed
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 altema-
dves 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, about210 gallons
per minute (0.013 cubic meter per second) and
190 gallons per minute (0.0 12 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 smritary 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 altern-
ative’soptions). Therefore, DOE believes that
the selection and installation of a new sanitary
wastewater treatment metiod in L-Area is an
associated action, having cost impacts only.
DOE would implement the least costIy envi-
ronmentally satisfactory option, which is a sep-
tic tank and tile field.

K- and L-Area Fire Protection Services

DOE will cent.nue to use the 25-million-gallon
(1,600-cubic-meter) 186-Basins in the K- and
L-Areas as the long-term tire protection water



supply sources in those areas. If the River Wa-
ter System is shut down, approximately 200
gallons per minute (0.0 13 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 tbe existing K- and L-Area well
water system. Piping alignments tothe 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.

4.5.2 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.

TE \ Table 4-72 lists the cumulative maximum SRS
boundary line ground-level concentrations for

,,
TC alr toxics (antimony, arsenic, beryllium, cad-

mium, lead, manganese, and mercury) and the
criteria pollutant (PM 10) that could be released

from dried Iakebed 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 shutdow, would be
below regulatory standards.

Similarly, the concentrations of radioactive
constituents would be very low. The combined
airborne maximum-boundary line concentra-
tions ofcesium-137 and cobalt-60 from L-Lake

TCand par Pond would be 1.6 x 10-4 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.

4.5.3 PUBLIC ANB OCCUPATIONAL
HEALTH

Sections 4.1.8 and 4.3.8 describe potential radio-
logical releases from contaminated sediments of

TE L-Lake and Par Pond, respectively. Table 4-73
lists the radiological doses to the hypothetical
maximally exposed individual and the offsite
population for the public and workers due to the
exposures resulting from current and future SRS
activities, including shutdown of the River Wa-
ter System, and from offsite sources, The cu-
mulative dose could result in an additional latent

cancer fatality risk of 9.6 x 10-7 per year to that
individual and a total of 0.033 additional cancer
fatality per year to the 80-kilometer (50-mile)
population from releases of radioactivity. The
shutdown of the River Water System would ac-

TC count for approximately 0,4 percent of these ef-
fects. The cumulative impact could result in
0.31 additional latent cancer fatality to onsite
worker$ the shutdown of the River Water Sys-
tem would account for a negligible percentage
(0.004 percent) of these health effects.

4.6 Unavoidable Adverse Impacts

The shutdom of the R]ver Water System at the and minor air impacts as a result of minimal in-
Savannah River Site would result in some ad- creases in the concentration of particulate matter
verse impacts to tbe environment. The impact less than 10 microns in diameter (PMIo) and
assessment in this EIS identifies potential ad- slight increases in air toxics (including manga-
verse impacts; the following paragraphs discuss nese, chromium, mercury, and beryllium).
those that would be unavoid ‘bie.

These impacts coupled with those from existing
The recession of L-Lake associated with the operations and background values would still
shutdown alternatives would generate transient
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ter System, and from offsite sources, The cu-
mulative dose could result in an additional latent

cancer fatality risk of 9.6 x 10-7 per year to that
individual and a total of 0.033 additional cancer
fatality per year to the 80-kilometer (50-mile)
population from releases of radioactivity. The
shutdown of the River Water System would ac-

TC count for approximately 0,4 percent of these ef-
fects. The cumulative impact could result in
0.31 additional latent cancer fatality to onsite
worker$ the shutdown of the River Water Sys-
tem would account for a negligible percentage
(0.004 percent) of these health effects.

4.6 Unavoidable Adverse Impacts

The shutdom of the R]ver Water System at the and minor air impacts as a result of minimal in-
Savannah River Site would result in some ad- creases in the concentration of particulate matter
verse impacts to tbe environment. The impact less than 10 microns in diameter (PMIo) and
assessment in this EIS identifies potential ad- slight increases in air toxics (including manga-
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those that would be unavoid ‘bie.

These impacts coupled with those from existing
The recession of L-Lake associated with the operations and background values would still
shutdown alternatives would generate transient
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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 Iakebed 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 Iakebed sediments for
the onsite worker would be well beiow 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 direct]y 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 R]ver Water System sup-
plies. Groundwater resources in the area would
accommodate the withdrawal needed to support
these systems,

For tbe most part, impacts would be similar un-
der both shutdown alternatives. However, under
the Prefemed 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 duced over time, and ultimately would be re-
environment and the maintenance of its long- duced to small populations of stream fish.
term productivity. The implementation of the Although the productivity of the lake would
Proposed Action would stop river water flow to shift with recession, the decline in productivity
L-Lake, but would not involve construction, would be temporary. An increase in terrestrial
emissions, decommissioning, or waste genera- productivity would accompany the decline in
tion associated with actions that typically place aquatic productivi~, as grasses, forbs, shrubs,
short-term demands on resources. However, the and trees recolonized the former Iakebed over
Proposed Action would affect resources of the time, a variety of terrestrial and semiaquatic
L-Lake/Steel Creek ecosystem. The primary animal species would inhabit the former lake-
and secondary productivity of the lake would bed. The regrowth of forested wetlands and
decrease from the reduction in nutrient loading uplands would enhance the long-term produc-
tiat river water inputs had supplied. The tivity and diversity of the area.
standing crop of fish, in particular, would be re-

4-187



DOEiEIS-0268

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 Iakebed 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 Iakebed sediments for
the onsite worker would be well beiow 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 direct]y 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
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support small equipment cooling loads in K-
and L-Areas that the R]ver Water System sup-
plies. Groundwater resources in the area would
accommodate the withdrawal needed to support
these systems,

For tbe most part, impacts would be similar un-
der both shutdown alternatives. However, under
the Prefemed 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 duced over time, and ultimately would be re-
environment and the maintenance of its long- duced to small populations of stream fish.
term productivity. The implementation of the Although the productivity of the lake would
Proposed Action would stop river water flow to shift with recession, the decline in productivity
L-Lake, but would not involve construction, would be temporary. An increase in terrestrial
emissions, decommissioning, or waste genera- productivity would accompany the decline in
tion associated with actions that typically place aquatic productivi~, as grasses, forbs, shrubs,
short-term demands on resources. However, the and trees recolonized the former Iakebed over
Proposed Action would affect resources of the time, a variety of terrestrial and semiaquatic
L-Lake/Steel Creek ecosystem. The primary animal species would inhabit the former lake-
and secondary productivity of the lake would bed. The regrowth of forested wetlands and
decrease from the reduction in nutrient loading uplands would enhance the long-term produc-
tiat river water inputs had supplied. The tivity and diversity of the area.
standing crop of fish, in particular, would be re-
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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. Anirretrievable commitment is the
use or consumption of recourses neither renew-
able nor recoverable for use by future genera-
tions. The National Environmental Policy Act

TE requires the identification ofirreversible 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-
mentofresources. The implementation of
either shutdown alternative would resuh 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, Ta-
‘E ble 4-74 details these commitments of various

resources.

DOE anticipates no long-tenrr resource com-
mitments (electricity consumption, materials,
etc.). However, the No-Action Ahemative
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 a

TE small amount of energy to perform the layup
activities. The Preferred Alternative would con-
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 rarrge of layup and re-
start options, the annual energy consumption
would range from 680 to 2,500 megawatt hours.
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CHAPTER 5. ENVIRONMENTAL PERMITS AND REGULATIONS

This chapter summarizes major regulatory re- tive Orders, ad compliance agreements. This
quirements applicable to this environmental im- chapter also summarizes the status of compli-
pact statement (EIS) and the actions the U.S. ante with these requirements, emphasizing is-
Department of Enera~ (DOE) is considering. sues of greatest potential concern to the
The requirements come from Federal and State decisionmaker.
of South Carolina statutes, regulations, Execu-

5.1 National Environmental Policy Act

5.1.1 REQU~MENTS

The National Environmental Policv Act ~EPA). .
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-
sionmaking stages.

The Council on Environmental Quality (CEQ)
has issued regulations that Federal agencies
must fOllOw{40 CFR 1500-1508). ~EQ 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.

5.1.2 STATUS

The analyses in this EIS that address the envi-
ronmental impacts of alternative actions comply
with applicable NEPA requirements.

In March 199I a routine inspection noted a de-
pression on the slope of Par Pond Dam. Based
on the inspection report, DOE initiated a pre-
cautionary drawdowrr 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-gal10n-per-
minute pump. This project was categorically
excluded under NEPA and forms the basis for
the No-Action Alternative.

5.2 Atomic Energy Act

5.2.1 REQUIREMENTS quires DOE to establish standards that protect
human healti and the environment to minimize

The Atomic Energy Act of 1954 (42 USC201 e? dangers from activities under DOE jurisdiction.
seq.) makes the Federal government responsible DOE established an extensive system of stan-
for regulatory control of the production, pos- dards and requirements, called DOE Orders, to
session, and use of three types Ofradioactive ensure compliance with the Atomic Energy Act.
material: source material, special nuclear ma- in addition to the DOE requirements, this Act,
terial, and by-product material. This Act re-
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Reorganization Plan No. 3 of 1970 [5 USC (app. 5.2.2 STATUS
at 1343)], and other statutes give the U.S. Envi-
ronmental Protection Agency (EPA) responsi- Actions proposed in this EIS that involve the

bility and authority for developing generally management of radioactive materials would

applicable standards for the protection of the comply with Atomic Energy Act requirements

environment from releases of radioactive mate- set forth in DOE Orders and other applicable

rials. EPA has promulgated several regulations regulations,

under this authority.

5.3 Resource Consewation and Recovery Act

5.3.1 REQUIREMENTS permit in 1987 and renewed it in 1995. The
permit includes requirements for the remedia-

The Resource Conservation and Recovery Act tion of releases from solid waste management
(RCRA) regulates tie treatment, storage, and units. The SRS Federal Facility Agreement
disposal of hazardous and solid waste. RCRA (FFA; EPA 1993a) establishes an integrated ap-
and Executive Order 12088, “Federal Compli- proacb to address both Comprehensive Envi-
ance with Pollution Control Standards,” require ronmental Response, Compensation and
Federal facilities to comply with RCRA re- liability Act (CERCLA) remedial action ~e.
quirements. A state that wants to administer quirements and corrective action for releases
and enforce a hazardous waste program under from solid waste management units under
RCRA can apply to EPA for authorization. The RCRA. Section 5.5 discusses remedial activi-
South Carolina Department of Health and Envi- ties under the FFA.
ronmental Control (SCDHEC) has received
authorization to implement a hazardous waste 5.3.2 STATUS
program in tbe State of South Carolina. The
EPA and SCDHEC regulations implementing The actions considered in this EIS would com-
RCRA (40 CFR 260-280; R.61-79.260-280) de- ply with the hazardous waste marragement re-
fine hazardous wastes and establish require- quirements imposed by RCRA. Section 5.5
ments for the transportation, treatment, storage, discusses compliance with RCRA corrective
and disposal of such wastes. action requirements.

SCDHEC and EPA Region IV issued the origi-
nal Savannah River Site (SRS) RCW Part B

5.4 Comprehensive Environmental Response,

Compensation, and Liability Act

5.4.1 REQUIREMENTS facilities to comply with the Act. DOE is the
CERCLA lead response agency for releases or

EPA administers CERCLA (42 USC 9601 et threats of releases at the SRS.
seq.), also called Superfund, which provides a
statutory framework for responding to releases Section 107(~ of CERCLA and Executive
or threats of releases of hazardous substances Order 12580 require Federal officials to act on
and for cleaning up waste sites that contain haz- behalf of the public as trustees for natural re-
ardous substances (i.e., remedial response). sources. Because DOE is the SRS land man-
CERCLA and Executive Order 12580, ager, h is also the primary Feaeral trustee.
“Superfiurd Implementation,” require Federal Natural Resource Trustees are responsible for



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 tnrstee
activities with other state and Federal “co-
trustees.” As a CERCLA lead response agency,
DOE must conduct a natural resource damage
assessment to detemrine 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
FederaI FaciIi@ Agreement for the Suvannah

)Tc

River Sire 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
3O04(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 Faciliw Investigatiofiemedial Inves-
tigation (RFIR), 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, carr result
in the listing of weas in Appendix G.2 (No
Futier 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., arr 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 RFIiRl 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/Rf 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. RF~ 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. Nex~ an evaluation
of various remedial alternatives is performed
using the nine CERCLA criteria contained in
the National Oil and Hazardous Substances
Pollution Contingency Plan @CP; 40 CFR Part
300). The corrective measures study/feasibility
study (CMSffS) 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 oftbese actions makes it appropriate to
proceed with the remedy selection process.

Appendixes C mrd G. 1 of the FFA identi~
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 T~stee 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- arrd L-Reactor areas and L-Lake would
remain at full pool; under the other two altern-
atives,DOE would shut down the system and
would pump no water to L-Lake, resulting in the
gradual lowering of the water level to the his-
toric stream chasmel exposing contaminated
sediments. Section 4.1 d]scusses the affected
environment and impacts to L-Lake.

Table 5-1. River Water System components subject to remedial action under the Federal Facility
ADeement.

Unit Status

Par Pond (including the precoolerponds and canals) RCRAICERCLAunits
L-Lake Site Evaluationareab
Fourmile Branch IOUc (includingurmamedtributarysouth of C-Area) RCRA/CERCLAunit
Lower ThreeRuns IOU RCRA/CERCLAunit
Pen Branch IOU (including Indian Grave Branch) RCRA/CERCLAuit
Steel Creek IOU RCRAICERCLAunit

a. RCRA/CERCLAuits are listed in AppendixC of the FederalFacility Agreement.
b. Site Evaluationareas are listed in AppendixG of the FederalFacilityAgreement.
c. IO”U= IntegratorOperableUnit.

5-4
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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, arrdhas prepared an in-
ternal draft site evaluation repofl. Appendix A ‘c
discusses the prelimina~ characterization and
other remedial activities under the FFA for L-
Lake.

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 l,,

significantly among the alternatives.

5.5.2.3 Par Pond

In March 1991 a routine inspection of the Par
Pond Dam noted a small sufiace depression on
the downstream face. Based on the inspection
report, DOE conducted a detailed stmctural in-
vestigation and initiated a simultaneous precau-
tionary drawdowxrof 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 arrd EPA viewed
the drawdo~ of Par Pond as a removal action
under Section 300.4 15(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 1995e). By July 1, 1994 the
repairs were complete and the Par Pond Dam
was structural]y sound to restore the reservoir to
predrawdowrr water levels.

Lowering the elevation of the sufiace water
level at Par Pond resulted in the exposure of ap-
proximately 1,340 acres (5.4 square kilometers)
of sediments contaminated with cesium arrd
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 perfomred an
assessment of environmental risks based on ex-
isting information (DOE 1993c). Remedial al-
ternatives were developed for the Par Pond
operable unit to reduce the human health and
environment risk from cesium-137 contamina-
tion in the exposed sediments. The selected in-
terim remedy consisted of restoring and
maintaining the water level in Par Pond to the
200-foot (61 .O-meter) level after the repair of
the dam (WSRC 1995e).

Based on public comments on the interim action
proposed pbm, 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 RCRAICERCLA 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 smdy 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)(l)]. Timely considerationsof
Natural Resource Damage Assessment issues
during the NEPA process can be important be-
cause Section 1070 fCERCLA excludes liabil-
ity for damages that result from a discharge or
release “when the damages are specifically
identified as an irreversible and irretrievable
commitment ofa natural resource inan envi-
ronmental impact statement orothercomparable
environmental analysis.”

The analyses in this EIS address the environ-
mental impacts ofaltemative actions inaccor-
darrcewith CERCLAand~PA. Section 4.8
identifies the irreversible and irretrievable
commitnrents ofresources 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 govemnrent
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 DC)E owrrs, 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 Pre-
vention Requirements,” requires Federal facili-
ties to comply with the Act.

5.6.2 STATUS

Each year, DOE submits hazardous chemical
inventory and toxic release inventory reports to
SCDHEC and to local emergency planning
committees in Aiken, Allendale, and Bamwell
Counties. The alternatives in this EIS would not
result in changes to chemical inventories or the
use of toxic chemicals; therefore, DOE antici-
pates no changes in the ha2ardous chemical in-
ventory and toxic release inventory reports.

5.7 Clean Water Act

5.7.1 REQUIREMENTS branches of the Federal government to comply
with Federal, state, interstate, and local re-

The objectives of the Clean Water Act are to quirements. In addition to setting water quality
restore and maintain the chemical, physical, and standards for the nation’s waterways, the Act
biological integrity of the nation’s wateways. establishes guidelines and limitations for dis-
This Act prohibits the “discharge of toxic pol- charges from point sources, and a permitting
lutants in toxic amounts” to navigable waters of program for these sources knovin as the
the United States. Section 313 requires the

5-6
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National pollutant Discharge Elimination Sys-
tem (NPDES; 40 CFR 122 er seq.).

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.
Iution Control Act, SCDHEC operates a pemrit-
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 donot apply to
source, by-product, or special nuclear material
asdefined bythe 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.6l-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-desigrrated
navigable water below Par Pond Dam. The U.S.
Army Corps of Engineers (USACE) and
SCDHEC administer permits for constmction in
such waters. USACE also issues pemrits under
Section 404 of the Clean Water Act for the dis-
charge of dredged or till 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 SCD=C 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 pemrit Num-
ber SCOOOO175 (SCDHEC 1996c), which ad-
dresses the outfalls associated with the River
Water System (Table 5-2).

Table 5-2. National Pollutant Discharge Elimi-
nation System Pemrit Number SCOOOO175
outfalls.

Reactor Outfall Receivingwaterbodv..-.
C-Reactor C-4 FoumrileBranch
K-Reactor K-18 Indian GraveBranchof Pen

Branch
L-Reactor L-07 L-Lake
P-Reactor P-19 Par Pnnd

These outfalls accept discharges, if any, from
the River Water System. The K- and L-Area
orrtfalls 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 altern-
ativesconsidered 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
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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-Lske would be necessm’y (Veal 1996).

DOE also consulted with the FERC on re- LIWI

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 krke 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).

I

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 (e.g.,
for septic tank installation) to implement tie
selected method for treating the L-Area sanitary
wastewater.

5.7.2.3 Shut Down and Maintain

Compliance status and issues under this altern-
ativewould be the same as those described in
Section 5.7.2.2, assuming the layup scheme se-
lected does not include continued operation of
the small pump.

NPDES Pemrit Requirements

A small sanitary wastewater treatment plant in
L-Area discharges through an NPDES outfall to

5.8 Safe Drinking Water Act

5.8.1 REQ~~NTS South Carolina Safe Drinking Water Act,
SCD=C has established a drinking water

The Safe Drinking Water Act protects the qual- regulatory program.
ity of public water supplies and other sources of
drinking water. It establishes drinking water The regulations specifi that the average annual
quality standards that must be met. The Act and concentration of manmade radionuclides in
Executive Order 12088 direct Federal facilities drinking water delivered to the user shall not
to comply with the Safe Drinking Water Act. produce a dose equivalent greater than 4 mil-
EPA has promulgated regulations implementing lirem per year of beta-gamma radioactivity.
the Safe Drinking Water Act (40 CFR 100-149),
and has delegated primary enforcement author-
ity to SCD~C for public water systems in
South Carolina. Under the authority Ofthe
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5.8.2 STATUS drinking water systems under the alternatives it
considers in this EIS. These water supplies

DOE does not expect impacts from radiological would continue to confomr to Federal drinking
releases to downstream water users or SRS 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
ofairpollution. Requirements inchrde 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 1I8 of the Act and Executive Order
12088 require each Federal agency with juris-
diction over prope~ or facility that might result
in the discharge of air pollutants to comply with
“allfederal, state, interstate, and local require-
merits’’with regard tothe control and abatement
of air pollution.

The Act requires EPA to:

.

.

.

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 suecific emissions increases to
prevent si&ificant deterioration in air qual-

ity

The Government regulates hazardous air polhrt-
ants, including radionuclides, separately. Air
emissions are regulated in 40 CFR 50-99, and
radiomrclide 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
CFR61 ) and has delegated to SCDHEC the re-
sponsibility for tbe 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
R]ver Water System. No EPA approvals for
radionuclide emissions would be required.

The Clean Air Act, asarrrendedin 1990, re-
quires Federal actions to conform to any State
implementation plan approved or promulgated
under Section llOofthe Act. The Final Rule
(40 CFR51 Subpart W) provides regulatory
guidelines anddemirrimis levels. The guide-
lines speci@ 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 thedemirrirrris 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).
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The SRS operates within the EPA limits for the nated sediments exposed as a result of the alter-
regulation of airborne radionrrclides natives in this EIS would remain in compliance
(40 CFR 61). Airborne releases from contami- 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 arrd 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
perfomr 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 migrato~ 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

Tc

manner to “kill...arry migratory bird,” Although
no pemrit for this project is required under the
Act, DOE is required to consult with the Fish
arrd Wildlife Service regarding impacts to mi-
gratorv birds to evaluate wavs 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, Anadromo”s Fish Consewation

Tc Act, Bald Eagle Protection Act, arrd South
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 a biological as-
sessment (LeMaster 1996) to evaluate the ef-
fects of the proposed actions related to the River
Water System on several Federally protected
species (bald eagle, wood stork, American alli-
gator, arrdthe shortnose sturgeon), DOE has

Tc initiated formal consultation with the Fish and
Wildlife Service and National Mmine Fisheries
Service concerning the impacts of the Proposed
Action.

5.11 Executive Orders 11990 and 11988

5.11.1 REQUIREMENTS undertaken. Agencies are to avoid impacts to
floodplains to the extent practicable, DOE

Executive Order 11990, “Protection of Wet- regulations (10 CFR 1022) establish procedures
lands,” requires Federal agencies to avoid short- for compliance with these Executive Orders.
and long-term adverse impacts to wetlands if a
practicable alternative exists. Executive Order
11988, “Floodplain Management,” directs Fed-
eral agencies to establish procedures to ensure
that they consider potential effects of flood haz-
ards and floodplain management for any action
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5.11.2 STATUS wetlrmds or in floodplains (10 CFR 1022. 15).
DOE policy is to preserve and protect SRS

Sections 4.1.5,4.2.5, and 4.3.5 contain the wetkmd resources in accordance with the na-
floodplain/wetland assessment required by DOE tional goal of “no net loss” of wetlands. DOE
regulations (10 CFR 1022.12). In addition, would implement the necessary mitigation
these regulations require DOE to design or measures to achieve this goal under the altema-
modify its actions to minimize potential harm to tives considered in this EIS.

5.12 Executive Order 12898

5.12.1 REQUIREMENTS effects of its progmms, policies, or activities on
minority populations and low-income popula-

Executive Order 12898, “Federal Actions to tions.”
Address Environmental Justice in Minority and
Low-Income Populations,” requires each Fed- 5.12.2 STATUS
eral agency to “make achieving environmental
justice part of its mission by identi~ing and ad- This EIS incorporates environmental justice in
dressing, as appropriate, disproportionately high its analyses of the alternatives.

mrd adverse human health arrd environmental

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
Americarr Graves Protection and Repatriation
Act (25 USC 300 1), and the National Historic
Preservation Act (16 USC 470 er seq.). AIMA
reaffirms Native Americarr religious freedom
under the First Amendment and protects arrd
preserves the right of Americmr Indians to be-
lieve, express, mrd 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-
cao Graves Protection and Repatriation Act of
1990 directs tJre 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 di sovery of sites or items of religious

importance or human remains rmd other objects
belonging to Native Americans. DOE has
committed to provide copies of environmental
impact documents related to its activities in the
Central Savamrah River Valley to the Yuchi
Tribal Organization, Inc., the National Council
of the Muskogee Creek, mrd 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 prope@, consul-
tation with the Advisory Council on Historic
Preservation must take place and will usually
lead to a Memorandum of Agreement with
stipulations tiat the agency must follow to
minimize adverse impacts. Coordination with
the State Historic Preservation officer ensures
tie proper identification of potentially signifi-
cant resources and the implementation of ap-
propriate mitigation actions.
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5.13.2 STATUS

AFebrrrary 1981 archeological mdhistoricsur-
vey of the Steel Creek terrace and floodplain
system revealed five sites that were nominated
to the National Register of Historic Places (i.e.,
importarrt and worthy of preservation from ad-
verse effects). DOEsubmitted the survey report
to the South Carolina State Historic Presewa-
tion Officer, which conducted a site visit in
March 1982 and subsequently concumed with
DOE that the proposed L-Reactor restart would
notaffect the sites. DOEdeveloped arrdimple-
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 perfomed under
the alternatives in this EIS to cause impacts to
cultural resources because initial constmctionin
the affected areas would have destroyed
important resources, DOEwould mitigate im-
pacts to cultural resources that might be discov-
ered through avoidance or data recovery.
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APPENDIX A. INVESTIGATION AND POTENTIAL REMEDIAL
ACTIONS FOR L-LAKE

As discussed in Section 1.1, the U.S. Depart-
ment of Energy (DOE) views potential future
remedial actions regarding L-Lake and actions it
might take in the near term regarding operation
of the River Water System to be connected ac-
tions. The purpose of this environmental impact
statement (EIS) is to assist DOE in making a
decision in 1997 on the operation of the River
Water System that could change the current
status of L-Lake with respect to such parameters
as water levels and associated potential risks
from exposure to contaminated lakebed sedi-
ments.

DOE has initiated discussions with EPA and
SCDHEC to ensure appropriate consistency and
coordination is maintained between this opera-
tion decision and remedial decisions for L-Lake. “w
Remedial decisions for the lake will be in ac-
cordance with the process set forth in the

Federal Facility Agreement (FFA; EPA 1993),
which provides the appropriate framework for
planning site remediations.

The DOE Office of National Environmental
Policy Act (NEPA) Policy and Assistance has
provided recommendations regarding the appro-
priate way to address such connected actions in
its NEPA documents (DOE 1993), In accor-
dance with these recommendations, DOE de-
scribes in this EIS (Section 4.5) the cumulative
impacts of the Proposed Action and potential
remedial actions regarding L-Lake that could
result from the FFA process, but is deferring
any analysis of remedial action alternatives until
they are ready for consideration.

This appendix supports the cumulative impacts
discussion in Section 4.5 by describing potential
future remedial actions that DOE could take un-
der the FFA with respect to L-Lake.

A.1 Current and Potential Future Status of L-Lake Under the Federal
Facility Agreement

As discussed in Section 5.5, DOE has entered
into an FFA with the U.S. Environmental Pro-
tection Agency (EPA) and the South Carolina
Department of Health and Environmental Con-
trol (SCDHEC) in accordance with Section 120
of the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA).
This agreement establishes the process DOE
uses to evaluate actually or potentially contami-
nated sites at the Savannah River Site (SRS)
and, if necessary, to remediate contaminated
sites with appropriate consideration of the po-
tential risks they pose to human health and the
environment.

In general, newly discovered sites and other
sites that merit preliminary evaluation are des-
ignated as Site Evaluation units and are listed in
Appendix G. 1 of the FFA. These sites receive
formal site evaluations that rely primarily on

I,E

existing and available inforrrration; field inves-
tigations conducted during this phase are nor-
mally limited in scope. Results of a site
evaluation can provide the basis for no further
action, near-temr actions to reduce or eliminate
an actual or potential threat (i.e., a removal ac-
tion), or a decision to list the unit in Appendix C
of the FFA for further evaluation. L-Lake is
currently listed as a Site Evaluation unit in Ap-
pendix G. I of the FFA.

Sites listed in Appendix C, called Resource
Conservation and Recovery Act (RCRA)/
CERCLA units, are subject to the remedial ac-
tion process established in the FFA. This proc-
ess generally includes detailed RCRA Facility
Investigatiofiemedial Investigation (RFI/RI)
studies to deterrrrine the nature and extent of
contanrination, a baseline risk assessment to
deternrine the risk posed by the contamination

LIC-C4
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and, if necessary, remedial actions selected on
the basis of a formal Corrective Measures
Study~easibility Study (CMSffS), which in-
cludes a rigorous alternatives analysis. Public
comments on the proposed remedial alternative
will be facilitated with a Statement of Ba-
sis/F’reposed Plan. The RCRA permit modifi-
cation and Record of Decision provide the final
documentation of the selection of remedial al-
ternative and response to public comment.

The RCRA/CERCLA units listed in Appendix C
of the FFA include contaminated stream sys-
tems on the SRS. These systems are termed In-
tegrator Operable Units (IOUS) in recognition of
the need to consider multiple sources of con-
tamination in their watersheds as part of the re-
medial action process for these streams. In view
of this peculiarity, the scope of the remedial ac-
tion strategy for an IOU is more similar in scope
to a long-term site evaluation than the tradi-
tional remedial action process applied to indi-
vidual RCRA/CERCLA units, as described
above. The Steel Creek stream channel and
floodplain above, below, and beneath the L-
Lake impoundment are among the 10US listed
in Appendix C. Investigations to determine the
nature and extent of contamination and studies
to determine appropriate remedial actions for
the Steel Creek watershed will be conducted in
accordance with the FFA.

DOE had originally planned to complete a Site
Evaluation Report for L-Lake by December
1996. This report was being prepared in accor-
dance with the FFA to determine the need for
additional future investigations and identi~ any

L1&O1 removal actiOns that may be appropriate for this
unit and to help determine the appropriate rela-
tionship of this unit to the Steel Creek IOU.
However, in response to EPA’s comments on
the Draft EIS, DOE believes that sufficient in-
formation is presented in tiis Appendix to

accomplish these objectives without completing
LIC-01the finaI ‘site Evaluation Report.

Existing information indicates that the stream
channel and floodplain of Steel Creek upstream,
downstream, and within L-Lake are contamin-

ated by radionuclides, primarily cesium- 137
but also cobaIt-60, as a result of discharges from
reactor operations before the construction of the
impoundment. In some locations, low level of
this contamination extends to lakebed sediments
beyond the original stream channel and flood-
plain. If DOE implements the Proposed Action
considered in this EIS, L-Lake would be dewa-
tered, ultimately restoring Steel Creek and its
floodplain to conditions similar to those existing
before its impoundment and exposing these
contaminated sediments.

As noted above, DOE believes that sufficient in-
formation to make ultimate remedial decisions

TE for L-Lake will not be available until required
studies under the FFA are complete. Therefore,
DOE undertook a specific study (PRC 1996,
1997a, 1997b, 1997c) to identi~ and evaluate
the likely range of remedial action alternatives

~~1that it might ultimately consider under the FFA.
A particular objective of the study is to make a
preliminary estimate of potential remediation
costs for various alternatives to control risks
from exposure to contaminated sediments
within the lake exclusive of the Steel Creek
stream channel and floodplain. (DOE would
evaluate and, if appropriate, propose remedia-
tion of the stream channel and floodplain as part
of the Steel Creek IOU.) The remedial altema-

~c tives study, which was conducted to help guide
DOE economic decisions associated with the
River Water System in the near term, is sum-
marized in Section A.2, based on the initial
study report (PRC 1996) and subsequent arraly-

TE sis revisions (PRC 1997a, 1997b, 1997c).
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A.2 Range of Remedial

The DOE study of potential remedial options
and associated costs for L-Lake (PRC 1996,
1997a, 1997b, 1997c) uses historic process
knowledge about contaminant release mecha-

ITE

nisms and L-Lake development, and results of
past and ongoing sampling activities to estimate
the nature and extent of contamination in lake
sediments. Remedial goal options (RGOS), ex-
pressed as sediment contaminant concentrations
corresponding to target risk levels, were estab-
lished using hWothetical exposure scenarios.
Based on this information, spatial distribution of
contamination in lake bottom sediments above
RGOS was delineated. Finally, remedial action
options likely to be able to meet preliminary
remedial action goals were identified and
evaluated with respect to cost and other relevant
factors, as described in Section A.2.4. The fol-
lowing subsections summarize these elements of
the study.

A.2.1 GENERAL NATURE AND EXTENT
OF L-LAKE SEDIMENT CONTA~A-
TION

Detailed information on the nature and extent of
contamination to support final remedial deci-
sions will be developed in tie context of the
FFA. However, sufficient information is avail-
able from historic process knowledge and from
past and ongoing sampling activities to examine
a range of potential remedial options for L-
Lake. This infomration indicates that the con-
taminants of most concern in the lake sediments
are radionuclides, particularly cesium- 137 and
to a lesser extent cobalt-60, which are the focus
of the potential remedial options study (PRC
1996, 1997a, 1997b).

Radionuclide contarrrination of Steel Creek is
primarily from purge water discharges from dis-
assembly basins containing fuel elements at P-
React6r and L-Reactor before this practice was
discontinued in the early 1970s (DOE 1984).
The large flow of the cooling water discharge
containing the purge water raised the strearrr

[T,

TE

Options for L-Lake

level consistent with the floodplain, so contami-
nants from the purge water tended to be depos-
ited in both the stream channel and tie
floodplain. Radioactivity release reports sug-
gest that most of these contaminant releases oc-
curred before 197 1; only minimal releases have
occumed since the formation of L-Lake in 1985. ,~
Cesium-137 has a strong affinity for sediments,
so the majority of this contaminant was ad-
sorbed or deposited in the sediments of the 11.2-
mile (1S.O-kilometer) Steel Creek system before
reaching the Savannah River. Based on DOE
sponsored studies cited by PRC (1996), the es-
timated cesium- 137 inventory in the entire creek
system from upstreanr of L-Reactor to the Sa-
vannah River, including L-Lake, is 58 curies
(decay corrected to 1996).

DOE has conducted extensive investigations of
the L-Lake vicinity using a variety of sampling
and analysis techniques. Data from a preim-
poundment aerial radiological sumey of the
L-Lake vicinity conducted in 1985 indicated
that the contamination zone for cesium- 137 and
cobalt-60 corresponded to the historic stream
channel and floodplain. Another aerial radio-
logical survey conducted in 1986 after the im-
poundment of L-Lake indicated only minor
changes from the previous year in the spatial
distribution of these contaminants upstream and
downstreanr from L-Lake. This technique could
not obtain data for submerged areas of L-Lake.

DOE conducted underwater ganrma sumeys in
1995 and 1996 to identify any post-
impoundment changes in the distribution of
manmade radiation levels in L-Lake. The 1995
study included in situ measurements from
96 locations on the lake bottom and laboratory
analysis results from sediment samples from
20 locations. The 1996 study involved the use
of approximately 195 in siru measurement IOca-
tions and 76 sediment sample locations. The re-
sults from these surveys indicted no major
change in manmade radionuclide distributions
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since radiological mapping of the lake basin in
1985, though minor differences are apparent.

Additional samples of lake bottom sediments
were obtained and analyzed in 1995 and 1996.
Analytical results for samples obtained in 1995,
consisting of sediment samples from eight loca-
tions including the submerged stream channel
and floodplain, indicate that organic contami-
nants are well below EPA Region IV risk-based
concentrations used as screening levels at the
SRS.

In the summer of 1996 surface sediment sam-
ples (Oto 1 foot) (Oto 0.3 meter) were collected
from approximately 45 locations in the lake
(including the stream channel and floodplain)
and 13 background locations for analysis of
toxic metals, gross alpha, nonvolatile beta,
gamma pulse height analysis, plutonium-alpha
series, and uranium-alpha series (Phase 1 sam-
pling). Analysis of validated data from this

‘9’6 sampling effort indicates that 10’wconcentra-
tions of radionuclide contamination are present
in the lakebed outside of the original stream
channel and floodplain (PRC 1996, 1997b).
Analysis of these data also indicates that some
toxic metals are present at low concentrations in
the bike. Later in 1996, DOE collected lake
sediment core samples from additional 22 se-
lected locations in L.Lake (Phase 2 sampling).

TC\ DOE tlsed analytical results from the summer of

L?-19

..-.
1996 sampling to identi~ areas of the lake bot-

tom that could present a risk above target levels
under assumed exposure scenarios. The results
were used in combination with the 1996 under-
water gamma survey data as the basis for the
potential remedial options study (PRC 1996).
Subsequent analyses reported by PRC ( 1997a,
1997b, 1997c) also used validated radiorruclide
analysis results from the Oto 1 foot (Oto
0.3 meter) level in cores obtained during the
Phase 2 sampling. The updated options analysis
based on these analyses is summarized in tiis

aPPendix. The location of data points in L-Lake
upon which the study is based are shown in Fig-
ure A-1.

A.2.2 PRELIMINARY REMEDIAL GOAL
OPTIONS AND SCREENING VALUES

For comparison purposes, the potential remedial
options study considered two exposure scenar-
ios, currentifuture onsite worker and hypotheti-
cal future resident. Screening values for
sediment contaminant concentrations were de-
rived for each scenario,

TF1For the Draft EIS, DOE developed the onsite
‘ worker exposure scenario and associated expo-

T(

sure parameter values using the information
from EPA’s Hazardous Waste Remedial Action
Program (HAZWRAP 1996) with input from
the Savannah River Technology Center (SRTC)
at tbe SRS. DOE used best professional judg-
ment, knowledge of the types of activities that
occur at the SRS, and the likely parameters
these activities would generate in place of stan-
dard EPA default values (i.e., EPA 1991).

This onsite worker exposure scenario was re-
vised for the Final EIS to reflect a more realistic
exposure assessment for an environmental re-
searcher or sampler than that reflected in
HAZWRAP (1996). The current scenario as-
sumes that an environmental researcher or
sampler is present in the L-Lake vicinity for
5 years, 15 weeks per year, and 6 hours per
week. This scenario is consistent with that used
in Section 4.1.8.2 of this EIS.

Exposure routes considered for the onsite
worker scenario were inhalation of resuspended
particulate from dried lake basin sediments and
ingestion, dermal exposure, and external expo-
sure attributable to direct contact with soil and
sediment in the lake basin.

The screening values for the hypothetical onsite
resident exposure scenario were determined us-
ing risk-based assessment methods developed
by the EPA. The scenario assumes a human
population living and working in the contami-
nated area for as long as 30 years. Exposure as-
sumptions include incidental soil ingestion,
direct radiation, and inhalation of contaminated
particulate.
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Figure A-1. Data points used for L-Lake remedial options analysis.
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Screening values for both cesium-137 and
cobalt-60 were derived from these risk analyses
for each scenario at WO risk levels: 10-4 (i.e.,
one additional estimated cancer per 10,000 ex-
posed persons) and 10-6 (i.e., one additional es-
timated cancer per I million exposed persons).
These screening values, listed in Table A-1, do
not take credit for radioactive decay or a period
of institutional control (i.e., uncontrolled expo-
sure is assumed to begin immediately). These
are conservative assumptions considering
DOES anticipated nonresidential use of the site
and the half-life of these radionuclides (30 years
for cesium- 137 and 5.24 years for cobalt-60).

Overall, these screening values are conservative
(i.e., low). This conservatism is particularly
indicated by the screening concentration for ce-
sium- 137 corresponding to the 10-6 risk level
for the residential scenario (0.02 picocurie per
gram), which is well below the average concen-
tration of 0.09 picocurie per grmn observed in
the 13 background soil samples obtained in the
summer of 1996.

Assuming a 30-year period of institutional con-
trol and accounting for radioactive decay would
increase the screening values in Table A-1 by a
factor of 2.7 for cesium-137 and a factor of 200
for cobalt-60. However, DOE used the lower
values for this remedial options analysis be-

cause EPA Region IV and SCDHEC have not
endorsed the use of radiological decay and insti-
tutional control in risk analyses performed un-
der the FFA. For similar reasons, DOE did not
establish screening values for this remedial op-
tions analysis based on its current SRS worker
limits (700 millirem per year) and limits to the
general public (100 millirem per year), or a 15-
millirem-per-year cleanup standard for unre-
stricted (i.e., residential) use being considered
by DOE and EPA, all of which would result in
higher screening values and less stringent
cleanup goals.

Only those screening values listed in bold type
in Table A- 1 were selected as preliminary
RGOS for the options analysis (PRC 1996).

Tc DOE dropped cobalt-60 values because sam-
pling data indicate that cobalt-60, where it ex-
ceeds screening values, is colocated with
cesium- 137 in excess of screening vaIues, and
cesium- 137 has a longer half-life than cobalt-60
(30 years versus 5.24 years). Similarly, the use
of cesium- 137 screening values was assumed to
adequately accommodate the low ]eveIs ~ftoxic

~$1~metals that exist in lake sediments based on
analysis of validated data obsewed in the lake;
no organic contaminants have been noted above
screening levels (Section A.2. 1), Cesium- 137
was thus considered to be the primary “risk
driver” for the analysis.

Table A-1. Risk-based screening values for cesium-137 and cobalt-60 in L-Lake sediments.

Sedkrrentconcerruation(picocuriesper gram)a

Onsite worker scenario Future onsite resident scenario

Contarninam Risk = 10-4 Risk = 10-6 Risk= 10-4 Risk = 10-6

ICesi”rn-137 930 9.3 2.1 0.021

‘c Cobalt-60 100 2.7 0.48 0.0048
1

a. Values in bold denote remedialgoal options.



1
I
I
1
I
1
I
I
I
w
I
1
I
:
I
f
1
I
I

DOE/’E1S-O268

A.2.3 DELINEATION OF CONTAM~A-
TION ZONES COMSPONDING TO
REMEDIAL GOAL OPTIONS

Assuming that some form of action or remedia-
tion would be required if a cesium- 137 RGO
was exceeded, areas of lake-bottom sediment
contamination comespnnding tn the four se-
lected RGO values (i.e., bold values in
Table A-1) were delineated on the basis of
sampling snd survey data as described in Sec-
tion A.2. 1, Figure A-2 shows the results. As
shown, no cesium- 137 sediment concentrations
exceeded 930 picocuries per gram, indicating
that no remedial action would be necessary un-
der an onsite worker scenario at the 10-4 risk
level. Similarly, the malysis indicates that only
a very small area (perhaps 1 acre) outside of the
Steel Creek chmmel arrd floodplain may require
remediation, assuming the onsite worker sce-
rmrio at the 10-6 risk level,

At the other extreme, approximately 750 acres
(3.0 square kilometers) comprised of virtually
all the Ike bottom except the area occupied by
the inundated Steel Creek chmmel mrd flood-
plain would require remediation to protect on-
site residents at the 10-6 risk level. This would
not be a realistic option, since background con-
centrations are above the 10-6 risk level as well.

For the intermediate scenario, which assumes
protection of fisture residents at the 10-4 risk
level, m estimated 170 acres (0.69 sqrmre kilo-
meter) of the l~e bottom, except the cumently
inundated stream channel and floodplain, would
require remediation (Figure A-2).

The inundated stream channel and floodplain,
which occupies about 170 acres (0.69 squme
kilometer) of the l~e bottom, is not pmt of the
area considered for the remedial options mraly-
sis (PRC 1996) because corresponding areas
above, below, mrd beneath L-Lake exhibit radio-
logical corltamination above risk-based screen-
ing levels md are part of the Steel Creek
watershed IOU. In addition, any remedial ac-
tions determined under the FFA for the Steel

Creek IOU would necessarily include that por-
tion of the creek and floodplain cumently occu-
pied by L-Lake.

A.2.4 DESCRIPTION OF REMEDIAL
OPTIONS

DOE evaluated four remedial options for areas
of the former lake bottom considered to be
contaminated under the risk scenarios consid-
ered in the analysis, as follows:

● Option 1 -No Action

● Option 2- Institutional Control

● Option 3- Soil Cover

● Option 4- Excavation and Disposal of
Contaminated Soil

These options were the most reasonable within
the rmrge of possible alternatives based on pro-
fessional judgment, knowledge of SRS activi-
ties, mrd prior experience obtained as a result of
detailed feasibility studies completed for two
SRS waste sites where similru remedial altern-
ativeswere considered.

No-Action Option

Under the no-action remedial option, DOE
IT,

would take no action to address contmnination
of exposed L-Lske sediments; to monitor, re-
move, treat, or otienvise mitigate this contami-
nation under any of the identified risk scerrwio>
or to minimize the threat or potential threat to
hummr health and the enviromnent.

Institutional Control Option

The institutional controls detemrined to be most
],,

applicable to areas of contaminated sediments
exposed in L-Lake mrd fius assumed for the al-
ternatives analysis consist of existing SRS ac-
cess controls to maintain the SRS industrial use;
deed notifications srrd, if appropriate, deed re-
strictions in the event tie property is tmnsferred
to non-Federai o-ership; and posting of
warning signs. It was assumed that during the

A-7
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period of DOE control, such existing access
controls as barriers, fences, and controlled areas
would be used to maintain the SRS for industrial
use. If the property is transfemed to non-Federal
ownership, the U.S. Government would, in ac-
cordance with CERCLA Section 120(h), create
a deed that includes notification in perpetuity of
the contamination. It was also assumed that a
survey plat of L-Lake prepared by a profes-
sional land surveyor would be placed in the
county records. In addition to the notification, a
deed restriction to preclude residential use of the
property may also be utilized when and if tie
area was to be transferred to private owership.
Warning signs would be posted at all roads in-
tersecting the contaminated zone.

Soil Cover Oution IT,

The soil cover option considered most appro-
priate for this site consists of a native soil cove~
vegetative cover for erosion control; short-tern
institutional controls to limit worker exposure
during drawdown and in the long term to ensure
designated land use, prevent excavation arrd
shallow wells, etc.; 30 years of inspection mrd
maintenrmce; and reviews of the remedy with
regulators at 5-year intervals for 30 years. The
primary pu~ose of the barrier would be to limit
exposure to gamma radiation associated with
the radionuclide contaminants present. The ex-
tent and thickness of needed soil cover would
depend on the scenario considered. None would
be required for the onsite worker (10-4 risk)
scenario. A 1-foot (0.3-meter) thick cover over
approximately 1 acre (4,000 square meters)
would be used for the worker (1o-6 risk) sce-
nario and a 4-foot (1.2-meter) thick cover over
750 acres (3.0 square kilometers) or 170 acres
(0.69 square kilometers) would be used for the
resident (1o-6 risk) arrd resident (10-4 risk) sce-
narios, respectively. Deed notifications may be
effected to restrict a small area to industrial use
under the worker (1o-6 risk) scenario and would
be effected to prevent deep excavation and in-
stallation of shallow tells under both resident
scenarios.

Tc

Soil Excavation and Disuosal Otrtion

The option of excavation and disposal of con-
taminated soil would involve the removal of
contaminated soil with conventional earthmov-
ing equipment to a depth of 2 feet (0.6 meter)
over approximately 1 acre (4,000 square meters)
for the onsite worker scenario at the 1o-6 risk
level, or 3 feet (0.9 meter) over 750 acres (3.0
square kilometers) or 170 acres (0.69 square
kilometers) depending on the resident scenario

analyzed (1o-6 risk and 10-4 risk, respectively).
The assumptions for excavation depth are hased
on information collected during constmction of
the L-Lake Darn, which indicate that the ap-
proximate depth of the 1.1 picocuries per gram
contour is 24 inches (61 centimeters) (PRC
1996). Existing SRS disposal facilities are not
designed to manage large quantities of contamin-
ated soil; therefore, the analysis assumes that
the contaminated soil would be disposed of at a
licensed offsite facility (e.g., the Chemical
Waste Management Facili@, Emile, Alabarn<
the Envirocare Facili~, Clive, Utah). Exca-
vated areas would be filled with clean soil and
revegetated.

A.2.5 EVALUATION OF REMEDIAL
OPTIONS

DOE used methods similar to those that would
be conducted in a CERCLA feasibility study
under the FFA (see Section 5.5) to evaluate re-
medial options. DOE used tie following six (of
the nine) CERCLA criteria nomally used for
such evaluations:

.

.

●

●

✎

✎

Overall protection of human health arrd the
environment

cost

Implementability

Short-term effectiveness

Long-term effectiveness

Reduction of contaminant toxicity, mobility,
and volume

A-9
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Compliance with state and Federal regulations,
one of the three criteria that was not used, was
assumed to be achieved, or appropriate waivers
obtained, regardless of the remedial action se-
lected. The two remaining criteria, state agency
acceptance and community acceptance, are
modifying criteria in the development of a pre-
ferred alternative under the CERCLA process
and were not considered appropriate to the
NEPA remedial options analysis.

Results of the evaluation with respect to the six
selected criteria are described below.

. No Action (Table A-2) – The no-action op-
tion is clearly the remedial option of choice

TCI with respect to the onsite worker (10-4 risk)
scenario because none of the L-Lake sedi-
ment contamination exceeds the remedial
goal option of 930 picocuries per gram.
However, this option would not protect
.onsite workers at tbe 10-6 risk level, at least
within a small area, or future residents at
either the 10-4 or 10-6 risk levels because
DOE would take no action to reduce risk
posed by contaminated sediments. Existing
radiological contamination is at levels that
would result in doses significantly below
the l-rad-per-day threshold commonly cited
for ecological receptors. As with all reme-
dial options considered, no reduction of

Table A-2. L-Lake remedial options analysis evaluation criteria ratings for the no-action option.

Onsite worker Onsite worker Future resident Future resident

Evaluation criteria (Risk = 10-4) (Risk = IO-6) (Risk = 10-4) (Risk = IO-6)

Overall protection Good – No Moderate - Not protective Poor – Not protective at Poor - Not protective at

of hum& health

and environment

cost

Implemenrability

Shorr-term effec-

tiveness

Long-tern effec-

tiveness

Reduction of

conkuninant tOx-

icity, mobility,

and volume

conkunination

above

930 picocurics
-per-gram

RGO.a

Good - NO

cost.

Good - No ac-

tive remedia-

tion needed.

Good NO
risk above

RGO.

Good - NO

risk above

RGO.

NAb

at 9. 3-picOcuries-per-grm

RGO but in only a small

area [approximately I acre

(43000sq.xe meters)].

Good - NO cost,

Good - No active remedia-

tion.

Moderate - No shorr-tem

protection of workers at

9.3-picOcuries-per-grarn

RGO, but in only a small

are% ad no constmctio”

activities and associated

impacts.

Moderate - NO effort to

mitigate exposure to co”.

tminatcd sediments, but

they are confined to a small

Ueq and natural decay

would reduce radiological

risk.

Poor - No active remedia-

tion

2.1-picocuries-per. gram

RGO.

Good - No COSt.

Good - No active remedia-

tion.

Moderate - Existing land

use controls limit access.

No construction activities

and associated impacts.

Poor - No effon to mitigate

exposure to contaminated

sediments, but natural de-

cay would reduce radio-

logical risk.

Poor - No active rcmedia-

tion

a. RGO = Remedial goal option.

b. NA = Not applicable.

0.021-pico~urie-per-gram

RGO.

Good - No cost.

Good - No active remedia-
tie”.

Moderate. Existing land

usc conrro Is limit access.

No constmction activities

and associated impacts.

PocIr -NO effort to mitigate

exposure to contaminated

sediments, but natural de-

cay would reduce radio-

logical risk.

Poor. No active remedia-
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contaminant toxicity, mobility, or volume if appropriate, restrictions, would be inexpen- ~c
would be effected, but overall risk wOuld be sive and readily implemented under all scenar-
reduced by radioactive decay of the ce- ios. This remedial option israted as having
sium-137 (half-life = 30 years), which good effectiveness intbe sbortternr and as
would reach background levels in approxi- moderate with respect to long-tetm effective-
mately 100 years. ness and overall protection of human health un-

Institntional Control (Table A-3) – Institutional der the onsite worker (1o-6 risk) and both future

control, consisting primarily of SRS security resident scenarios.

measures, sign postings, deed notifications and,

Table A-3. L-L&e remedialoptions malysis evaluation criteria ratings fortieinstimtional control
option.

Onsite
Evaluationcriteria worker Onsite worker Futureresident Future resident

(Risk = 10-4) (Risk = I o-6) (Risk = 10-4) (Risk = I&6)

Overall protection

of human healrb

and environment

cost

lmplementabiliry

Short-tern effec-
tiveness

Long-term effec-

tiveness

Reduction of

contarninmt tox-

icity, mobiiiy,

and volume

NAa Moderate. If conrrols were

not observed, risk to

worker wo”ld exceed IO-6

forapproximately 1 acre

along the floodplain. Natu.

ral decay would reduccra-

diological risk.

NA Good -$10,000 for sign

placementand deed notifi-

cation costs.

NA Good - b’o active remedia-

tion.

NA Good - Worker exposure

would he limited. No con.

smction activities neces-

s~ for implementation.

NA Moderate - Effective m

long as warning signs and

securi~ measures are

maintained and land use

contiols are observed.

Natural decay would re-

duce radiological risk.

NA Poor - No active remedia-

tion.

Moderate. Land would he

restricted to indusniat use.

Effective as long as war-

ningsigns and security

measures are maintained

and deed restrictions are

enforced. Ifconmols are

not observed, risk to resi-

dents would exceed 10~.
Natural decay would re-

duce radiological risk.

Good - S15,000 for sign

placement and deed notifi-

cation costs.

Good - No active remedia-

tion.

Good - Land use controls
wo”ld limit access. No

constmction activities nec-

essary for implemenauion.

Moderate - Effective as

long as warning signs and

securiry measures are

maintained and land use

conrrols are observed.

Natural decay would re-

duce radiological risk.

Poor - No active remedia-

tion.

a. NA=Not applicable.

Moderate - Land would be

restricted to industrial use.

Effective as long as war-

ningsigns andsecuriry

measures are maintained

and deed restrictions are

enforced. Ifcontrols arc
not observed, risk to resi-

dents would exceed 10-6.

Namral decay would re-

duce radiological risk.

Good - S15,000 for sign

placement and deed “notif-

ication costs.

Good - No active remedia-
tion.

Good - Land use controls
would limit access. No

consncrion activities net.

ess~ forimpleme”tation.

Moderate - Effective as

long as wacning signs and

security measures Ee

maintained and Iand use

conmds are observed.

Natural decay would re-

duce radiological risk.

Poor - No active remedia-

tion.

Tc
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.

Tc

.

TE

TE

TC

Soil Cover (Table A-4) – This option is
rated good in terms of overall protection of
human health for both onsite workers (1o-6
risk level) and future residents (10-4 and

10-6 risk levels) assuming cover is main-
tained and land use controls are observed. It
would not be as readily implementable or as
effective in the short-term under the 10-6
risk future resident scenario because of the
additional soil cover required [1 foot versus
4 feet (0.3 meter versus 1.2 meters)] cOm-
pared to the 10-6 risk worker scenario and
tie additional time required to install the
cover [e.g., 1 year versus 5 years after the
10-year lake drawdown period (Jones and
Lamarre 1994)]. This option would be ex-
pensive to implement for the tirture resident
scenario (estimated costs of approximately
$30 to $131 million, depending on risk
level).

Soil Excavation and Offsite Disposal
(Table A-5) – This option is rated good in
terms of overall protection of human health
and the environment and long-temr effec-
tiveness for onsite worker ( Io-6 risk level)
and future resident scenarios because all
contaminated soils above the respective
RGOS would be removed, However, short-
terrn effectiveness is rated poor for both
fnture resident scenarios because of the long
constmction periods required [13 years and
55 years based on the capability to move

180 cubic yards (138 cubic meters) per day
(PRC 1996)], increased probability of
worker injuries or fatalities, and adverse ef-
fects from the transportation of large
amounts of contaminated soils to arr offsite
disposal facility.

[mplementability is rated good for the onsite
worker (1o-6 risk) but poor for the future
resident scenarios, because of the large

amount of soil excavation and disposal re-
quired. Cost for this alternative would be
very high for either of the future resident

TC scenarios ($380 million or $1.7 billion, de-
pending on risk level).

A.2.6 CONCLUSIONS

The preliminary analysis summarized in Sec-
tion A.2 indicates that remedial options to re-
duce risk posed by contaminated lakebed
sediments above the Steel Creek stream channel
and floodplain may range from no action to very
intensive remediation involving removal and
offsite disposal of contaminated soils.

TE\ Based on the evaluations presented in this
analysis, DOE believes that institutional con-
trols to prevent residential use of this area for a
period that allows for natural radiological decay
to safe levels may be the most reasonable op-
tion. No action maybe necessary to protect
workers at the 10-4 risk level, In addition, this
preliminary analysis indicates that onsite worker
exposure levels would be well below the current
SRS occupational standard for radiation protec-
tion of 700 millirem per year, which corre-
sponds to a cesium- 137 concentration of

approximately 1,962 picocuries per gram
rcI (compared to 9.3 picocuries per gram of ce-

sium-137 for the onsite worker scenario at
10-6 risk). If the cleanup starrdard for unre-
stricted use (residential scenario) of 15 millirem
per year proposed by EPA arrd DOE was prom-
ulgated, no remedial action for this area may be
necessary. An annual effective dose equivalent
of 15 millirem corresponds to approximately
9 picocuries per gram for cesium- 137 and an
average excess lifetime carcinogenic risk of ap-
proximately 3 x 10-4. Moreover, natural decay
would reduce cesium-137 to near background
levels in 100 years.
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Table A-4. L-Lake remedial options analysis evaluation criteria ratings fortiesoil cover option.

Onsite worker Onsire worker Future resident

Evduatio” criteria

Future resident

(Risk = 10~) (Risk = 10-6) (Risk = 10-4) (Risk = I o-6)

Overall protection NAa

of human health

cost NA

Implementabiliry NA

Shofl-tenneffec- NA

tiveness

Long-temeffec- NA

tiveness

Reduction of NA

contaminant tOx-

icity, mobility,

and volume

a. NA=Not applicable.

Good - Cover and obser-

vance of kind use convols

would prevent direct expo-

sure. Natural decay would

reduce radiological risk.

Moderate -$100,000 cost

of filling plus inspection

and maintenance costs.

Good - Equipment and

materials could be readily

obtained. Cover could be

installed in 1 yen.

Moderate - Reliance on
instiruti onal conrmls during

drawdown period but con-

tamination is limited to ap-
proximately acrenear

floodplain. Protective

equipment and other con-
trols would be required to

protect workers during

comtmction period (less

than 1 ye~).

Moderate - Effective as

long as land use controls

are observed and cover is

maintained. Natural decay

would reduce radiological

risk.

PocIr - Airborne dmt would

be reduced, but no other

reductions would be ef-

fected. However, natural

decay would reduce ce-

sium-137 concentrations to

background in approxi-

mately 100years.

—

Good - Cover and obser-
vance of kmd use contiols

would prevent direct expo-

sure, Namral decay would

reduce radiological risk.

Poor -$29.7 million (29.6

million cubic feet ar$t pe~

cubic foot plus inspection

and maintenance costs).

Moderate - Equipment and

materials could be readily

obtained but quantiry of

soil required would be very

large and would require 1

year or more to insrall.

Moderate - Reliance on

institutional controls during

drawdownperiod. Protec-

tive equipment and other

conuols would be required

to protect workers d“ri”g

l-year consnuctio” period.

Moderate - Effective ~

long as land use connols

are observed and cover is

maintained. Natuml decay

would reduce radiological

risk.

Poor - Airborne dust would

be reduced, but no other

reductions would be ef-

fected. However, namral

decay would reduce ce-

sium-13 7 concentrations to

background in approxi-

mately 100 years.

Good. Cover and obser-

vance of land use controls

would prevent direct expo-

sure. Natural decay would

reduce radiological risk.

Poor. $13 t million

(130.7 million cubic feet at

$1 per cubic foot plus in-

spection and maintenmcc

costs).

Moderate - Equipment and

materials could be obtainec

readily, but quantity of soil

required would be vcv

large and would require as

long as 5 yeus to insratl.

Poor - Reliance on institu-

tional conrrols during

drawdown period. Protec-

tive equipment and other

controls would be required

to protect workers during

5-ye~ constmction period.

Moderate - Effective as

long as land use controls

are obsewed and cover is

maintained. Natural decay
would reduce radiological

risk.

Poor - Airborne dust wouh

be reduced, but no other

reductions would be ef.

fected. However, narural

decay would reduce cc.

sium-137 concentrations to

background in approxi-

mately 100 ye~s.

rc
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Table A-5. L-Lake remedial options aaalysis evaluation criteria ratings for the soil excavation and off-
site disposal option

Onsile worker OnSite worker Future resident Future resident

Evaluation criteria (Risk = 10-4) [Risk = IO-6) (Risk = 10-4) (Risk = IO-6)

.
3verall protection

]f human health and

environment

:Ost

mplementability

;hort-term effec-
tiveness

Long-temr elec-

tiveness

I
Reduction of con-

taminant toxicily,

mohiliy, and vol-

ume

I

NAa

NA

NA

NA

NA

NA

tiooa - Lomplete protecuon

of onsite worker after soils

contaminated above 9.3 pi-

cocuries per gram of cesium.

137 are removed and back-

filling and regrading with

clean soil was complete.

Moderate - Approximately

$1.4 million exclusive of
transportation costs

Good - Equipment and ma-

terials could be obtained but

would take approximately 1

yeu to implement.

Moderate - Requires institu-

tional controls during draw-

down petiod but

contamination is limited to

approximately 1 acre near

floodplain. Protective

equipment and other controls

wiuid be reqnised to protecl

workers during l-yew co”.

struction period. Some risk

to public and environnte”t

during transponation,

Good - Contaminated mate-

rials above 9.3 picocuries

per gram ofcesi”m-137

would he removed and

replaced by clean till.

Poor - No Veaanent to re-

duce toxicily, mobility, or

vo I“me, akhougb natural de.

cay ofctsium.137 would re-

duce concentrations to

Good - Complexe protection

of onsite worker after soils

contaminated above 2.1 pi-

cocuries per gram of cesium.

137 are removed and back-

filling and regrading with

clean soil was complete.

Poor - Approximately $380

Good - Complete protection

of human heakb md envi-

ronment after soils contami.

nated above approximate

background concentrations

of cesium- 137 were removed

and backfilling and regrading

with clean soil was complete.

Poor - ADDrOximatelY $1.7. .
million exclusive of transpor- billion exclusive of transpor-

tation cosrs (22.2 millioo

cubic feet at $0.80 per cubic

foot for excavation, regrad.

ing, plus $16.30 per cubic

foot for disposal; 7.4 million

square feet at $0.20 per

square foot for revegetation),

Moderate - Equipment and

materials could be obtained

tation costs (98 million cubic

feet at $0.80 per cubic fool

for excavation, regrading

plus $16.30 per cubic foot

for disposal; 32.7 million

square foot at $0.20 per

square foot for revegetation).

Poor. Equipment ad mate-

rialscould he obtained read.
but would take up to 13 yezs ily, but quanli~ of soil

to implement. required would be large and
would req”irc as long as

55 yeas to implement.

Poor - Requires institutional Poor. Requires institutional

conrrols during drawdow” controls during drawdown

Period. Protective eauinment period. Protective equipment. .
and olher controls would

protect workers but likeli.

hood of i“juq or fatali~

during 13-vear construction

perio; \vo~td be high. Some

risk to public and environ-

ment during transportation.

Good - Contaminated mate-

rials above 2.1 picocuries per

gram of cesi”m-137 would

be removed aad replaced by

clean fill.

Poor - No treatment to re-

duce toxicity, mobili~, or

volume, although namral de-

cay ofcesium-137 would re-
duce concentrations to

and other controls would

protect workers but likeli-

hood of injury or fatality

during 55-yew constmction

period would be high. Some

risk to public and en\,iro”-

ment during transportation.

Good - Contaminated mate.

rials above approximate

background concentrations

ofcesium-137 would be re-

moved and replaced by clean

till.

Poor - No treatment to re-

duce toxici~, mobilily, or

volume, akbough natural de-

cay of ccsium- 137 would re-

duce concentrations to

, background in approximatelybackground in approximately background i“ approximately

100 years. 100years. 100 years.

a. NA = Not applicable.
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A.3 Conclusions Regarding Potential Remedial Actions for L-Lake

Based on the prelimina~ options analysis sum-
marized in Section A.2, institutional control or
possibly no action maybe the most appropriate
remedial option for areas of contaminated lake-
bottom sediments above tie stream channel and
floodplain areas that would be eventually ex-
posed if the lake was drained. Remediation op-
tions for the contaminated stream channel sod
floodplain cumently submerged in the lake were
not examined in the preliminary remedial op-
tions analysis, but would be considered as part
of the Steel Creek IOU, which is similarly con-
taminated,

DOE recognizes that draining L-Lake under the
alternatives it is considering in this EIS would
change the nature but not the range of remedial
options available for exposed contamination in
the stream channel, floodplain, and other lake
bottom areas from those cumently available
(i.e., with the lake intact). For example, the risk

LIC-C4

ITC

posed by exposed contaminated sediments
would have to be considered under any option in
which the lake was drained, and such paramet-
ers as control of woody vegetation on exposed
areas and the feasibility and cost of refilling the
lake (e.g., to reduce risk to acceptable levels by
natural decay of radionuclides) are likely to be
important parameters that would be of little or
no concern if L-Lake remained intact.

However, DOE is coordinating with EPA and
SCDHEC as necessary to ensure that decisions
it makes with respect to the River Water System
in this EIS are compatible with potential reme-
dial decisions to be made for L-Lake under the
FFA. As appropriate, DOE will document in a
mitigation action plan actions it would have to
take to ensure this compatibility in the interim
between issuance of a Record of Decision for
this EIS arrd issuance of remedial decisions un.
der the FFA.

A-15
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B.1 ECOLOGICAL RISK ASSESSMENT APPROACH1

Ecological receptors on and near Par Pond,
L-Lake, Lower Three Runs, arrd Steel Creek
might be at risk from contaminants present in
their surface water, sediment, and biota as a
result of the Proposed Action. Increased
concentrations of tritium in other onsite streams
also pose a potential ecological risk.
Accordingly, an ecological risk assessment
(ERA) that focused on the Proposed Action was
perfomred to characterize the potential risks
from site-related contaminants to ecological
receptors that inhabit the waterbody areas. This
section provides an outline of the general

apprOach that was taken to assess the impacts of
site contamination on ecological receptors asrd
the habitats that support these organisms. This
assessment generally followed a two-step
process, as follows:

Step 1: Preliminary Problem Formulation
and Ecological Effects Characterization
(Section B.1.1)

. Preliminary Problem Formulation - This is
the first phase of an ERA, which discusses
the goals, breadth, and focus of the
assessment. It includes general descriptions
of the waterbodies to be investigated with
emphasis on the habitats arrd ecological
receptors present. This phase also involves
characterization of contaminant sources and
migration pathways, evaluation of routes of
contaminant exposure, and selection of
ecological contaminants of potential
concern (COPCS). Assessment and
measurement endpoints that will be
evaluated are also selected in this phase.
Finally, a conceptual model is developed
that describes how contaminants associated
with the waterbodies may come into contact
with ecological receptors.

. Ecological Effects Characterization - In this
phase, medium-specific ecological
screening values for each COPC (i.e.,
concentrations of each contaminant above
which adverse effects to ecological

receptors may occur) are identified.
Receptor-specific toxicity reference values
(TRVS) are also derived during this step.
This step is undertaken concumently with
the exposure assessment described below.

Step 2: Preliminary Exposure Assessment
and Risk Characterization (Section B.1.2)

● Preliminary Exposure Assessment - This
portion of the ERA includes the
identification of the data used to represent
concentrations of contaminants to which
ecological receptors may be exposed in
various media and the actual selection of
exposure point contaminmrt concentrations
from those datz. Calculation of receptor-
specific contaminmrt doses is also
performed.

. Risk Characterization -In this step,
exposure point concentrations are compared
to screening values in order to characterize
potential risk to ecological receptors of
concern from contaminant exposure. TRVS
are also compared to contaminant doses.
COPCS found to pose potential risk after
these comparisons are placed on a list of
ecological contaminarrts of concern (COCS).

When these ~o steps are completed, the results
can be interpreted and the uncertainties
associated with the ERA can be addressed. The
above process, described in further detzil below,
represents the general ERA approach
recommended in U.S. Environmental Protection
Agency (EPA) guidance for Superfund (EPA
1996a), and is a summation of EPA Region 4
recommended ERA guidelines (EPA 1995a),
which served as the basis for the ERA
methodolo=~ (Figure B. 1). Furthermore, the
ERA was conducted in accordance with other
available ERA guidance documents (EPA
1996b; Wentsel et al. 1996), mrd recent
publications (Suter 1993; Calabres : and
Baldwin 1993).

1 AP~endixB was substantiallyexpandedin responseto a commentin the letterfrom EPA (L1O-O2);no change
bars appem.
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1. Preliminary Problem Formulation and Ecological Effects Evaluation

J
2. Preliminary Exposure Aaaeaament and Risk Characterization

J

SMDP

3. Problem Formulation: Asaeaament Endpoint Refinement and Testable Hypothesis

J

SMDP

4. Conceptual Model Ref inemenk Final Measurement Endpoint Selection and Study Design

I
SMDP

5. Site Aaaessment to Confirm Ecological Sampling and Analysia Plan

J
SMDP

6. Site Field Investigation

J

7. Final Risk Characterizsti~n

i

8. Risk Management SMDP

%Urce Adapted fmm EPA(199w).
SMDP Scientifi~anagement Decision Points.

PKW2X

Figure B-1. Steps in the Ecological Risk Assessment process.
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Due to the potential complexity of ERAs, they Tier 2 and Tier 3 assessments, referred to as
are often conducted using a tiered approach and “semi-quantitative” and “quantitative”
punctuated with Scientific/Management assessments, respectively, are more focused
Decision Points (SMDPS; Figure B- I), which studies that incorporate the initial screening but
are meetings involving the risk assessors, risk also encompass detailed laboratory and field
managers, and clients to control costs, prevent studies or extensive modeling (EPA 1996a).
unnecessary analyses, and ensure that the ERA This ERA, designed to focus mainly on the
is proceeding in mr efficient, timely manner, potential risks to ecological receptors from
Information analyzed in one tier is evaluated to contaminant exposure that could result from the
determine whether the objectives of the study Proposed Action, may be useful for Tier 2 or
have been met and then may be used to identify Tier 3 assessments that maybe conducted as
the data required for the next tier, if necessary. part of the remedial investigation/feasibility
This Tier 1 ERA can be considered a study process. The same process summarized
“screeninglevel” assessment, or “preliminary above was used to assess potential ecological
risk evaluation” (EPA 1995a), since it is based risks at each waterbody investigated in this
on only a conservative initial screening of ERA.
contaminmrt concentrations against
contamirmnt-specific screening values (EPA
1995a).

B.1.l Preliminary Problem Formulation and Ecological

Effects Characterization

Section B.1. 1.1 discusses the components of
preliminary problem formulation and Section
B. 1.1.2 discusses the components of ecological
effects characterization.

B.1.l.l PRELIMINARY PROBLEM
FOMLATION

Site Backgrounds and Ecological Settings

The preliminary problem formulation of sn
ERA contains a description of the background
of each study site as well as a description of the
ecological setting. However, as detailed
descriptions of these items have been presented
elsewhere in ttils EIS, they will not be presented
here.

Habitat Types and Ecological Receptors

The preliminary problem formulation of sn
ERA also contains a description of the specific
habitat types and ecological receptors that are
found on each study area. However, detailed
descriptions of these items are presented
elsewhere in this EIS.

Major Contaminant Sources, Mlgratiorr
Pathways, and Exposure Routes

The major contaminant sources for all
waterbodies are sediments. As such,
contaminants are largely bound to sediments
and are not expected to significantly migrate to
other areas or other media. It is likely that
receding or fluctuating water levels would lead
to the exposure of sediments to tie elements,
creating new surface soils. This would also
preclude significant contaminant migration via
surface water as water levels decrease.
However, a potential migration pathway is
resuspension of contaminants into surface water
via fluctuating water levels. Constituents in the
exposed sediments (soils) may also volatilize
from suflcial material or become airborne via
resuspension. Contmrrinated fugitive dust may
also be generated during ground-disturbing
activities, such as recontouring of the L-Lake
basin that may be necessary. Yet, volatilization
srrd figitive dust generally represent a
negligible release pathway and exposure route
for wildlife except in certain situations, such as
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following a large spill of a volatile compound.
Since the water bodies of concern in this
assessment were already considered to be
contaminated and do not potentially receive
groundwater contaminated with non-
mdiological contaminants, the groundwater-to-
surface water pathway was not applicable.

Aquatic and semi-aquatic organisms inhabiting
the waterbodies of interest in this ERA maybe
exposed tn contaminants via direct contact with
surface water, submerged sediments, and
exposed sediments, via incidental ingestion of
surface water, submerged sediments, and
exposed sediments, and via consumption of
contaminated food items. Again, since water
levels are assumed to recede in the reservoirs,
exposure to contaminants in surface water was
considered only in certain instances in this
assessment, such asat Par Pond, where water
levels will be maintained and will fluctuate.

Selection of Ecological Contaminants of
Potential Concern

COPCS were all contaminarrts, both radiological
and non-radiological, detected in the studies that
are discussed in detail in Section B. 1.2.1.
However, for the non-radiological contaminants,
calcium, iron, magnesium, potassium, arrd
sodium were excluded as COPCS since they are
essential nutrients that are toxic only in
extremely high concentrations. For radiological
corrtaminarrts, potassium-40 was excluded since
it is a naturally occurring radionuclide. Also,
radiological and non-radiological contaminants
that were detected in 5 percent or less of the
samples collected in arry medium for any study
at each area were initially excluded as COPCS.

Assessment and Measrrrement Endpoints

As discussed in EPA (1995a) and Wentsel et al.
(1996), one of the major tasks in problem
formulation is the selection of assessment and
measurement endpoints. An assessment
endpoint is defined as “an explicit expression of
actual environmental valrres that are to be
protected” (EPA 1996b). Measurement

endpoints are “measurable ecological
characteristics that are related to the valued
characteristic chosen as the assessment
endpoint” (EPA 1996b). For this ERA, the most
appropriate assessment endpoint was the
maintenance of aquatic and terrestrial receptor
populations. Note that the maintenance of
receptor populations applies only to exposure to
contaminants. That is, it is not intended to
relate to declines in certain receptor populations
from physical changes as a result of the
Proposed Action, Therefore, the specific
objectives of this assessment were to determine
if exposure to corrtamimmts in the surface water,
sediments, and exposed sediments (surface
soils) on nod near Par Pond, L-Lake, Lower
Three Runs, and Steel Creek are likely to resrdt
in declines in ecological receptor populations,
primariiy as a result of the Proposed Action.
Declines in populations as a result of
contaminant exposure could result in a shifi in
community structure and possible elimination of
resident species from aquatic environments.

It should be noted that for tiis screening-level
ERA, broad assessment endpoints were
conservatively selected to apply to all possible
species. More focused assessment endpoints
will be selected if additional, more focused
ecological investigations are warranted. These
more focused endpoints would likely be
contaminant-specific or applicable to only
species that are shown to potentially be at risk in
the screening-level ERA.

As indicated above, measurement endpoints are
related to assessment endpoints, but these
endpoints are more easily quantified or
observed. In essence, measurement endpoints
serve as surrogates for assessment endpoints.
While declines in populations and shifis in
community structure can be quantified, studies
of this nature are generally time-consuming arrd
difficult to interpret. However, measurement
endpoints indicative of observed adverse effects
on individuals are relatively easy to measure in
toxicity studies and can be related to the
assessment endpoint. For example, contaminarrt
concentrations that lead to decreased
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reproductive success or increased mortali~ of
individuals in toxicity tests could, if found in the
environment, result in shifts in population
structure, potentially altering the community
composition of the waterbodies investigated in
this EM.

For surface water, the measurement endpoints
were contaminant concentrations in sutiace
water associated with adverse effects on growth,
survival, and reproduction of aquatic organisms
(surface water screening levels). Again,
exposure to contaminated surface water was
considered only in certain situations since
surface water levels are generally assumed to
fluctuate or recede, such as at L-Lake. For
sediments, the measurement endpoints were
contaminant concentrations in sediment
associated with adverse effects on growth,
smival, and reproduction of besrthic organisms
(sediment screening levels). For surface soils
(exposed sediments), the measurement
endpoints were contaminarrt concentrations in
surface soil associated with adverse effects on
grotih, survival, and reproduction of terrestrial
invertebrates (surface soil screening levels). For
terrestrial plauts, the measurement endpoints
were contaminant concentrations in surface soil
associated with adverse effects on growth,
sumival, and reproduction of vegetation
(terrestrial pkmt screening levels), For
terrestrial wildlife, the measurement endpoints
were doses of contaminants associated with
adverse effects on growth, survival, and
reproduction (TRVS).

Conceptual Site Model

The conceptual model is designed as a diagram
to identify potentially exposed receptor
populations and applicable exposure routes,
based on the physical nature of the site and the
potential contaminant source areas. Actual or
potential exposures of ecological receptors
associated with the waterbodies assessed in this

ERA were determined by identi~ing the most
likely pathways of contaminant release and
transport. A complete exposure pathway has
three components: a source of contaminants that
can be released to the environment; a route of
contaminant transport through an environmental
medium; and mr exposure or contact point for an
ecological receptor. A comprehensive
conceptual model for this ERA is presented in
Figure B.2.

B.1.1.2 ECOLOGICAL EFFECTS
ASSESSMENT

B.1.1.2.1 Non-radiological

For this ERA, ecologically-based screening
values, concentrations of contaminants in
various media protective of ecological
receptors, were selected to screen exposure
point concentrations of COPCs in surface water,
sediment, and srn’facesoil (exposed sediments)
to determine if they should be retained as COCS.
The focus of this assessment is primarily
potential risks from submerged and exposed
sediments, arrd therefore, surface water
screening levels were obtained only for Par
Pond. It is assumed that at L-Lake the water
level will eventually recede to a small stream,
rendering cur’rentassessment of potential risks
from sufiace water contaminants irrelevant.
Methods used for the selection of media-
specific screening levels used in tiis ERA are
provided below.

Selection of Surface Water Screening Levels

Surface water screening levels used for this
ERA were primarily EPA Region 4 ecological
screening levels for freshwater systems (EPA
1995a). When these values were not available
for certain contaminmrts, suitable screening
levels were obtained from EPA (1996c). Srrtiace
water screening levels used in this assessment
are presented in Table B- 1.
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Figure B-2. Conceptual site model for Par Pond, L~Lake,Lower Three Runs, and Steel Creek,
FKe<.2Pc

%“ &Soil

Dermal contact- soil 1 1 1

Inqestion of soil ■ 1 1
Uptake by plants 1 1 ■

Ingestion of plants H 1 1
Ingestion of prey ■ 1 1Legend

i . Exposure route incomplete or no! applicable

W . &mplete exposure route
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Table B-1. Ecological screening levels for Par Pond surface water.

Ecoio~ical
COrrtarrri*antof ScreeningLevel

Potential Concern (Ya) source

Alumimun

Antimony

Arsenic

Barium

Beryllium

Cadrrrium

Cobalt

Iron

Mangmese

Nickel

Selenium

Thallium

Zinc

87

160

190

3.9

0.53

0.66

3

1>000

80

87.7

,5

4

58.9

EPA Region 4 surfacewater screentig level (EPA 1995a)

EPA Region4 surfacewater screeninglevel (EPA 1995a)

EPA Region4 surface water screening level (EPA 1995a)

EPA Tier II value (EPA 1996c)

EPA Region4 surfacewater screening level (EPA 1995a)

EPA Region4 surfacewater screeninglevel (EPA 1995a)

EPA Tier II value (EPA 1996c)

EPA Region 4 surface water screening level (EPA 1995a)

EPA Tier II value (EPA 1996c)

EPA Region 4 surface water screening level (EPA 1995a)

EPA Region 4 surface water screening level (EPA 1995a)

EPA Region 4 surface water screenirrg level (EPA 1995a)

EPA Region 4 surface water screening level (EPA 1995a)

Selection of Sediment Screening Levels

Although the primary focus of the non-
radiological assessment is the new surface soils
created by receding water levels and potentially
affected terrestrial receptors, fluctuating water
levels may cause newly created surface soils to
be frequently inundated. Thus, potential risks to
benthic receptors were also investigated.

Screening levels for sediment-dwelling
organisms were obtained from the most widely
accepted guidance. EPA Region 4 ecological
screening levels were preferentially used, which
are primarily Effects Range-Low values from
National Oceanic and Atmospheric
Administration (Long et al. 1995; Long and
Morgan 1991). When values were not available
from these sources, screening levels were
obtained from most recent EPA guidance (EPA
1996c), which includes EPA sediment quality
criteria and EPA sediment quality benchmarks

calculated using equilibrium partitioning
methods. Ontario Ministry of the Environment
sediment screening levels (OME 1992) were
also used when values were not available from
the sources listed above. Sediment screening
levels used in tiis assessment are presented in
Table B-2.

Selection of Surface Soil Screening Levels

Surface soil screening levels were obtained
from the Oak Ridge National Laborato~ On-
line Ecological Database (ORNL 1996). These
values are based on potential toxicity to
earthworms and soil microbes. These receptors
could presumably inhabit exposed sediments as
water levels recede and exposed sediments
become surface soils. EPA Region III
ecological soil screening levels were also used
(EPA 1995b). Surface soil screening levels
used in this assessment are presented in
Table B-3.
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Table B-2. Ecological screening levels for Par Pond and L-Lake sediment.

Contaminant of Ecological
Potential Concern Screening Level Source

Inorganic (mg/kg)

Aluminum NA

Antimony 12

Arsenic 7.24

Barium NA

Beryllium NA

Cbromimn 52.3

Cobalt NA

Copper 18,7

Lead 30.2

Manganese 460

Mercury 0.13

Nickel 15.9

Selenimn NA

Tballinm NA

Vanadium NA

zinc 124

Organics (u@g)

Acetone NA

Xylene 25

NA = Not available.

EPA Region 4 sediment screening level (EPA 1995a)

EPA Region 4 sednent screening level (EPA 1995a)

EPA Region 4 sediment screening level (EPA 1995a)

EPA Region 4 sedment screening level (EPA 1995a)

EPA Region 4 sediment screening level (EPA 1995a)

Ontario Lowest Effects Level (OME 1992)

EPA Region 4 sedment screening level (EPA 1995a)

EPA Region 4 sednent screening level (EPA 1995a)

EPA Region 4 sedmerrt screening level (EPA 1995a)

EPA sediment screening level using Equilibrium Partitioning (EPA 1996c)

Selection of Terrestrial Plant Screening
Levels

Screening levels for assessing risk to terrestrial
plants were also gathered from the ORNL
database. These screening levels are
concentrations of contaminants in soils
associated with toxicity to plants. Terrestrial
plants would most likely invade newly exposed
sediments as water levels recede. Terrestrial
plant screening levels used in this ERA are
presented in Table B-4.

Derivation of Toxicity Reference Values

In addition to contaminant concentration
screening against ecological screening levels,
modeling of potential risks to terrestrial
receptors from mercury in Par Pond and L-Lake
sediments was also performed. Mercury was
chosen for modeling since it has been of

concern on Savannah River Site (SRS)
waterbodi es, at least in part, as a result of
mercury inputs from Savannah River water.
Unlike most metals, mercury is known to
biomagnifi in the foodchain, potentially
resulting in elevated body burdens for species in
higher trophic levels. Other metals were not
included in the modeling since they did not
generally exceed screening levels used in this
ERA (i.e., were not elevated), and are generally
not known to biomagnifi.

For modeling potential risks of mercury to
terrestrial receptors, toxic doses (TRVS) for
individual terrestrial receptors were derived for
comparison to doses that the receptors may
receive in the environment. TRVS were
determined for the representative terrestrial
receptors ch )sen for this ERA, which are
described below. TRVS were identified that
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Table B-3. Ecological screening levels for Par Pond and L-Lake surface soil.
Contanrinantof Ecological

potential Concern Screenin~ Level Source

Inorgmics (m@g)

Aluminum

Antimony

Arsenic

Barium

Beryllium

Chromium

Cobalt

Copper

Lead

Manganese

Mercury

Nickel

Selenium

Thallium

Vanadium

zinc

Organics (wg/kg)

Acetone

Xylene

600
NAa

60

3,000

NA

0.4

1,000

50

500

100

0.1

200

70

NA

20

200

NA

100

a. NA = Not available.

ORNLsoil screening level for etiworms or soil microbes (ORNL 1996)

ORNL soil screening level for earthworms or soil microbes (ORNL 1996)

ORNL soil screening level for earthworms or soil microbes (ORNL 1996)

ORNL soil screening level for earthworms or soil microbes (ORNL 1996)

ORNL soil screening level for earthworms or soil microbes (ORNL 1996)

ORNL soil screentig level for etiwornrs or soil microbes (ORNL 1996)

ORNLsoil screening level for etiwonns or soil microbes (ORNL 1996)

ORNLsoil screening level for earthwomrs or soil microbes (ORNL 1996)

ORNLsoil screening level for e~worms or soil microbes (ORNL 1996)

ORNLsoil screening level for etiworrns or soil microbes (ORNL 1996)

ORNLsoil screening level for earthworms or soil microbes (ORNL 1996)

ORNLsoil screening level for earthworms or soil microbes (ORNL 1996)

O~L soil screening level for earthworms or soil microbes (ORNL 1996)

EPA Region III surface soil screening level (EPA 1995b)

represent a threshold for sublethal effects.
Sublethal effects are defined as those based on
the measurement endpoint, impaimrent of
reproduction, growth, or survival. TRVS were
derived separately for avian and mammalian
species, as discussed below. Since toxicity data
for the specific representative receptors chosen
were not available, toxicity data from laborato~
species were extrapolated to be representative of
receptor species. In these instances, a metabolic
scaling factor was employed to extrapolate from
laboratory species to receptor species, which is
also discussed below.

Representative species were chosen to represent
tie species most likely to be exposed to the
highest contaminant concentrations because of
its position in the food web, diet (ingestion rate
and food type), home range (contained within

the area of contamination), and body size. The
species selected were assumed to be
representative of other species within the same

trophic level or guild. Also, the socio-cultural
nature of the receptor species (e.g. threatened or
endangered species) was also considered. For
each of the representative species, information
on life history was collected, including diet,
average body weight, food ingestion rates, water
ingestion rates, home range, and exposure
durations (percent of total time that a receptor
may reside at the site), when applicable.

For the non-radiological terrestrial modeling in
this ERA, the representative species chosen
include the bald eagle (Halieeatus
leucocephalus), eastern cottontail (Sylvilagus
j70ridanus), and wood stork (Mycteria
Americana), The bald eagle was chosen
primarily since it is a federally threatened
species protected by the Endangered Species
Act, and is of special concern on SRS. This
species is of special social, political, aesthetic,
and cultural concern as well, and is widely
regarded as a symbol of ecological health. It is
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Table B-4. Ecological screening levels for Par Pond and L-Lake terrestrial plants.

Contaminant of Ecological

Potential Concern Screening Level Source

Inorganic (m~g)

Aluminum 50 ORNL screening level for terrestrial plats (ORNL 1996)

Antimony 5 ORNL screening level for terrestrial plmE (ORNL 1996)

Arsenic 10 ORNL screening level for temestrialplants (O~L 1996)

Barium 500 ORNL screeninglevel for terrestrialplants (ORNL 1996)

Beryllium 10 ORNL screening level for terrestrial pkmts (ORNL 1996)

Chromium 1 ORNL screening level for temestrial plants (ORNL 1996)

Cobalt 20 ORNL screening level for terrestrial plants (ORNL 1996)

Copper 100 ORNL screening level for terrestrial plants (OWL 1996)

Lead 50 ORNL screeninglevel for temestrialplants (OWL 1996)

Manganese 500 ORNL screening level for terrestrial pkmts (ORNL 1996)

MercuV 0.3 ORNL screening level for temestrial plants (ORNL 1996)

Nickel 30 ORNLscreening level for terrestrial pkmts (OWL 1996)

Selenium 1 ORNL screening level for terresnial pkints (ORNL 1996)

Thallium 1 OWL screening level for terrestrial pkmts (O~L 1996)

Vanadium 2 ORNL screening level for terrestrial plants (OP,NL 1996)

zinc 50 OWL screening level for terrestrial plants (ORNL 1996)

Organics (p@g)

Acetone NA

Xylene 100,000 ORNL screening level for terrestrial plants (ORNL 1996)

NA = Not available.

also representative of other fish-eating raptors
found on SRS (e.g., osprey). For conservatism,
the bald eagle was assumed to forage on
largemouth bass from either Par Pond or L-Lake
exclusively. The diet of bald eagles in South
Carolina consists almost exclusively of fish, asrd
eagles on SRS have been observed feeding on
largemouth bass (Hart et al. 1996). Since they
are generally a larger, piscivorous fish, bass
contain higher body burdens of mercury than
smaller fish, adding additional Consewatism to
the model. Also, recent studies have detected
mercury in Par Pond and L-lake bass, as
described beiow.

Although bald eagles are known to drink water,
no mercury was detected in recent surface water

samples in L-Lake (Paller 1996) and Par Pond
(Paller and Wike 1996a). Hence, exposure to
mercury via drinking surface water was not
included in the model. Also, most raptors such
as eagles generally prey on fish while near
aquatic environments and, as a result, would not
be expected to come into contact with, and
ingest, contaminated sediment. Although an
eagle may incidentally ingest sediment while
consuming dead fish or carrion on exposed
sediments, this exposure route was assumed to
be minimal and inconsequential compared to
exposure from contaminated fish flesh. Thus, it
was not inciuded in the model. The exposure
parameters use{’in this ERA for the bald eagle
are presented on Table B-5,

B-10

1
B
I
1
I
I
I
B
I
1
I
I
I
I
I
I
I
I
1



Table B5. Summary of receptor parameter information for Par Pond and L-Lake modeling of potential
risks from exposure to mercury.

ReceDtor Parameter Value Reference

Bald Eagle Body Weight 4,500 g EPA (1993)

Food Ingestion Rate

SOillSedment Ingestion Rate

Diet Composition

Home Range (% time on Par
Pond or L-Lake)

Laboratory Toxicity Value

BodyiMetabolic Scaling Factor

Final Toxicity Reference Value

Conontail Body Weight
Rabbit

Food Ingestion Rate

Soil/Sediment Ingestion Rate

Diet Composition

Home Range (% time on Pm
Pond or L-Lake)

Laboratory Toxicity Vahre

Body/Metabolic Scaling Factor

Final Toxicity Reference Value

Wood Stork Body Weight

Food Ingestion Rate

Soil/Sediment Ingestion Rate

Diet Composition

Home Range (% time on Par
Pond or L-Lake)

Laboratory Toxicity Value

Body/Metabolic Scaling Factor

Final Toxicity Reference Value

a. NA = Not applicable.

0.540 k~day
NAa

100% l~gemoutb bass

Assumed to be 100%

0.064 m@g/day

0.61

0.04 mg/kg/day

l,134g

0.096 k~day

6.3% of diet

93.7% vegetation

Assumed to be 100%

0.16 m~g/day

0.67

0.11 mgikg/day

2,268 s

0.40 kg/day

7.3% of diet

92.7% small fish

Assumed to be 100%

O.O@mg/kg/day

0.76

0.05 mgikg/day

Calculated from EPA (1993)

NA

NA

NA

ORNL (1996)

NA

NA

EPA (1993)

Estimated from EPA (1993)

Based on jackrabbit, from
EPA (1993)

NA

NA

ORNL (1996)

NA

NA

Estimated from EPA (1993)

Estimated from EPA (1993)

Based on sandpiper, from
EPA (1993)

NA

NA

ORNL (1996)

NA

NA

Since no data were available from toxicity
studies on the bald eagle, toxicity information

was gathered from the Oak Ridge National
Laboratory for a study on mercury exposure for

the mallard (ORNL 1996). The study
investigated reproductive impairment of this

avian species from exposure to methyl mercury

diacyarrdiamide in the laboratory. The study
calculated a Lowest-Observed-Adverse-Effects-

Level (LOAEL) of 0.064 mgA#day2. The
LOAEL was used instead of the No-Obsewed-
Adverse-Effects-Level (NOAEL) since it is
based on actual effects. That is, the NOAEL is

derived from the lowest concentration at which
no effects were observed in the test, whereas tie

LOAEL is based on the lowest concentration in
the laboratory at which adverse effects were

2 ~~g/day = milligmnr of Contamimmt per
kilogmm of tissue per day.
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observed. To extrapolate between the mallard
arrd the bald eagle, a body size (metabolic)
scaling factor was employed. The scaling factor
is based on the relative sizes of the laboratory

test species and the receptor species; therefore,
it adjusts the toxici~ data, in this case the
LOAEL, based on size-related differences in
metabolism. That is, smaller species generally
have a higher metabolism and are expected to
metabolize and excrete contaminants at a faster
rate (ORNL 1996). The metabolic (body size)
scaling factor is calculated as follows (derived
from ORNL 1996):

(BML/BM1)l/3

where: BML = body mass of the laboratory test

species

BMI = body mass of the receptor
species

This value was multiplied by the test species
LOAEL to calculate the bald eagle LOAEL of
0.04 m~g/day. The eagle LOAEL for mercury
was then used in the model and compared to the
modeled mercury dose for Par Pond arrd
L-Lake.

The eastern cottontail was chosen as a

representative species because it is a common
small, herbivorous mammal found on SRS
(Cothran et al. 1991). it would be expected to
forage on newly created surface soils (exposed
sedimerrs) as the water leveis flucmate in pa
Pond arrd L-Lake and eventually recede in
L-Lake over several years. It would be in
constant contact with the surface soil, increasing
the charrces of contaminant exposure. It was
also chosen since it is relatively representative
of other small mammals found on SRS. The
cottontail was conservatively assumed to forage
exclusively on exposed Par Pond or L-Lake
sediments. Given the size of the rabbit’s home
range [as small as 0.8 hectare (2 acres); EPA
1993]; this may be a realistic (i.e., not overly
conservative) assumption. The prima~
exposure route for this herbivore was assumed
to be exposure from consuming contaminated

vegetation. Uptake of mercury by plarrts was
modeled using the maximum arrd average
concentrations in soil, which were multiplied by
a mercury-specific plant biotransfer factor
presented by Baes et al, (1984). Since the
cottontail also spends most of its time in contact
with the soil, exposure to contaminated surface
soils via incidental ingestion was also
considered in the model. Again, since no
mercury was detected in surface water of either
Par Pond or L-Lake, exposure to contaminated
drinking water was not considered, The
exposure parameters used in tiIS EW for the
cottontail rabbit are presented on Table B-5.

Since no data were available from mercury
toxicity studies on the cottontail rabbit, toxicity
information was obtained from the Oak Ridge
National Laboratory for a study on the rat
(ORNL 1996). The rat is knowrr to be
especially sensitive to contaminants; therefore,
its use as the laboratory species adds
conservatism to tbe assessment. The endpoint
for that study was impairment of reproduction
from exposure to methyl mercuric chloride. A
LOAEL of 0.16 mgikg/day was calculated for

that study. The body scaling factor was also
employed to derive the final LOAEL for the
rabbit of 0.11 mg/kg/day.

The wood stork was chosen primarily since it is
a federally threatened species protected by the
Endarrgered Species Act, and is of special
concern on SRS. Like the bald eagle, this
species is of special social, political, aesthetic,
and cultural concern as well, The wood stork
was assumed to forage on small fish from either
Par Pond or L-Lake exclusively, since it is
known to feed primarily on small fish (Stokes
and Stokes 1996), Although wood storks have
not been observed foraging on Par Pond or
L-Lake in several years (LeMaster 1996), tiey
have been observed on other sites on SRS, and
Par Pond arrd L-Lake may provide foraging
areas for this species. Therefore, they were
conservative y assumed to forage in these a .eas,
They are also representative of other
piscivorous wading birds that occur on Par Pond
and L-Lake, such as the great blue heron.
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Although wood storks are expected to ingest
water, no mercury was detected in recent
surface water samples in L-Lake (Paller 1996)
and Par Pond (Paller and Wike 1996a). Hence,
exposure to mercmy via drinking surface water
was not included in the model. The wood stork
may incidentally ingest sediment while feeding.
Thus, incidental ingestion of sediment was
included as an exposure parameter. The
exposure parameters used in this ERA for the
wood stork are presented on Table B-5.

Since no data were available from toxiciry
studies on the wood stork, toxicity information
was gathered from the Oak Ridge National
Laboratory for a study of mercu~ exposure for
the mallard, as discussed above for the bald
eagle (ORNL 1996), The study calculated an
LOAEL of 0.064 mg/k~day. The body scaling
factor was employed to derive the final LOAEL
of 0.05 mg/kg/day for the wood stork.

B.1.1.2.2. Radiological

Screening values for radiological constituents
were established as two times the average
concentration in the reference sediment samples
(i.e., background). Only radiological
constituents that exceeded two times the
average background concentration were
incorporated into radiological modeling of
potential risks to several ecological receptors.
A concentration less than two times the
background concentration is not indicative of a
contaminant release (EPA 1996c) and can be
considered statistically insignificant considering
the applicable dose limits. It should be noted

that, unlike non-radiological contaminants,
simple radiological screening levels akin to
ambient water quality criteria or Region 4
sediment screening levels do not exist. Hence,
only modeling, and not simple screening of
concentrations against screening levels, was
performed.

The U.S. Department of Energy (DOE)
radiation dose limit to aquatic organisms is
1.0 rad per day (DOE Order 5400,5). For
terrestrial organisms, this ERA uses a radiation
dose limit of 0.1 rad per day. The International
Atomic Energy Agency has concluded that
“there is no convincing evidence from the
scientific literature that chronic radiation dose
rates below 1 milligray per day (36.5 rad per
year) will harm animal or plant populations”
(IAEA 1992).

The radiological portion of this ERA analyzed
two of the same receptor species selected for the
non-radiological portion of the study (i.e., bald
eagle and wood stork) for the reasons described
earlier in the nnn-radiological discussion. Also,
potential risks from radiological contaminants
were modeled for a generalized minnow-sized
fish, Iargemouth bass, osprey, and the great blue
heron. Potential risk to fish from non-
radiological contaminants was not modeled
since sufficient contaminant data for these
receptors were available from several other
studies. The conservative dietary assumptions
for the species used in the non-radiological
portion of this ERA (as described earlier), and
the others, were also used in the radiological
portion of the analysis.

B.1.2 Preliminary Exposure Assessment and Risk Characterization

Section B. 1.2.1 describes the components of Section B. 1.2.2 describes the components of
prelimina~ exposure assessment and risk characterization.



B.1.2.1 PRELIMINARY EXPOSDRE
ASSESSMENT

Non-radiological and Radiological: Exposure
Point Concentrations and Contaminant
Doses

Data used to obtain exposure point contaminant
concentrations for the waterbodies assessed in
this ERA were gathered from several sources.
A discussion of tie data and studies used to
obtain exposure point contaminant
concentrations for this ERA is provided below.

Non-radiological and radiological sediment
contain inarrt concentration data for Par Pond
were obtained from Paller and Wike (1996a).
For that study, fifteen surface soil samples
spread arnOng each major region of Par pond
@orth Arm, Intake Amr, Hot Amt, and Main
Body) were collected from exposed sediments
during the drawdown in 1995, arrd each were
analyzed for radionuclides and mercmy. Also,
several sediment samples were collected in each
major region of Par Pond and composite for
each region, resulting in a total of four samples.
Ten samples were also collected from two
reference locations, one near Lost Lake arrd one
near Road D, The composite arrd reference
samples were analyzed for radionuclides arrd
mercury, as well as total chlorinated
hydrocarbon (TCL) organics, target analyte Iist
(TAL) metals, and polychlorinated biphenyls.
The maximum and average concentrations of all
non-radiological and radiological contamirrarrts
detected in all samples described above were
used to represent exposure point contaminarrt
concentrations in sediments/exposed soils. The
maximum and average concentrations of
mercu~ from that study were also used to
represent the soil concentrations of that
constituent in the modeling of exposure for the
cottontail rabbit at Par Pond.

For L-Lake, sediment data from recent sampling
as part of a Site Evaluation were used to obtain
representative exposure point contaminarrt
concentrations (Dunn, Gladden, and Martin.
1996). Selected data from that study gemrane to

this assessment were re-evaluated and analyzed
for this ERA (Dunn and Martin 1997), Fo~-
four surface sediment samples (Oto 6 inches)
collected throughout the lake as part of the site
evaluation, in both the floodplain and stream
channel, were used for this ERA (Appendix F).
Samples were also collected from reference
areas, including drainages of Steel Creek and
Meyers Brarrch, its main tributary. The L-Lake
and reference location samples were analyzed
for radionuclides and metals. Organics were not
analyzed for and were not evaluated for L-Lake
in this ERA since they were not detected in
L-Lake sediments in a previous study (Koch et
al. 1996). Also, no known major releases or
sources of orgarric contaminants to L-Lake have
existed or are known to exist. Maximum and
average concentrations of metals and
radionuclides in the 44 samples were used to
represent exposure point contamirram
concentrations in sediments/exposed soils. The
maximum arrd average concentrations of
mercury fi’omthat study were also used to
represent the soil concentrations of that
constituent in the modeling of exposure for the
cottontail rabbh at L-Lake. Since fluctuating
water levels in Par Pond and L-Lake may result
in re-inundation of exposed sediments, the
sediment contaminarrt concentrations were
considered to be characteristic of both surface
soil end sediment. Sutiace sediment samples
were used since they are the horizon of
sediments that terrestrial receptors may be
exposed to when water levels recede or
fluctaate.

Recently collected non-radiological sediment
contaminant data for Steel Creek and Lower
Three Runs are not abundant. Sufficient data
were not available to conduct a thorough
sediment contaminant screening for these areas.
However, one sediment sample in Steel Creek
and Lower Three Runs is collected each year as
part of SRS-wide environmental monitoring and
analyzed for inorganic, pesticides, and
herbicides (WSRC 1996). Data from
environmental monitoring of sediments in 1994
and 1995 were used to obtain exposure point
contain inant concentrations for each stream.
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However, the most recent inorganic data for
Lower Three Runs and Steel Creek are from
1994. Thesamples were collected atalocation

approximately 4 miles and 1 mile downstream
of Par Pond and L-Lake, respectively. Two
samples also collected from the same sampling
location in each stream, one in 1994 mrd one in
1995, were used to obtain exposure point
contaminarrt concentrations for pesticides and
herbicides. Thehighest of thetwo values was
used as the exposure point concentration.

Recently collected radiological sediment
contamirrarrt data for Steel Creekaud Lower
Three Runs are not sufficient to conduct a
thorough sediment contaminant screening for
these areas. Results fiomseven surface water
samples from Steel Creek were reported in the
SRS Environmental Data supplement to tie
1995 SRS Environmental Report (WSRC 1996).
However, only one sample was reported from
Lower Three Runs, arrd this sample was taken at
the mouth of the stream.

Due to the nature of the data described above,
averages could not be calculated for each class
of contaminants at each stream. Orgmrics other
than pesticides aud herbicides were not analyzed
for, presumably since no upstream sources of
these contaminants are known to exist or have
existed. Also, the absence of extensive
sediment data for inorganic, pesticides, and
herbicides is somewhat mitigated by several
factors. First of all, it is assumed that the
contaminated portions of the streams (i.e., the
charmels) would remain wet or generally
inundated under the Proposed Action due to
groundwater inputs, flooding, and the
maintenance of 10 cubic-foot (0.28-cubic-
meter) per second (minimum) stream flow in
Lower Three Runs and Steel Creek. This would
minimize exposure for many ~es of terrestrial
receptors, such as small mammals, to exposed
contaminated sediments, as well as exposure for
terrestrial plants that would invade permanently
exposed soils. Fur’her, avian predators such as
the eagle, and osprey are expected to feed much
more often on the open water of the lakes rather
than on the smaller streams.

Surface water exposure point contamirrarrt
concentrations for Par Pond were obtained from
Paller and Wike (1996b). For that study, a
surface water sample was collected in each arm
of Par Pond (north, middle, west, and near the
dam). Samples were collected from near the
surface and near the bottom, resulting in a total
of eight samples. Each sample was analyzed for
TAL metals and radionuclides. Organics were
not analyzed for, presumably due to the absence
of orgmtic contaminant sources along Par Pond
and upstream in Upper Three Runs. No
suitable, recently collected background or
reference data were available for smface water.
Also, since L-Lake water levels are expected to
recede to the original stream bed, cus’rent
surface water data for that waterbody were not
assessed since the results would be of limited
value.

In addition to the studies listed above, numerous
other investigations have been performed on the
waterbodies evaluated in this ERA and their
ecological receptors. These include, but are not
limited to, studies involving surface water
chemis~, terrestrial receptors arrdterrestrial
ecology, arrd aquatic receptors arrd aquatic
ecology. Applicable studies, both non-
radiological mrd radiological, were qualitatively
assessed in the ERA and used in the weight of
evidence approach to assessing potential
ecological risks in tbe risk characterization step
for each site described in Section B. 1.2.2.

Non-radiological: Contaminant Doses for
Representative Receptors

The actual dose of a COPC (in this case,
mercu~) a receptor species receives as tbe
result of indirect or direct exposure is dependent
upon the habits of the species mrd other factors.
As mentioned earlier, a simple model was used
to predict dietary exposures for representative
receptor species to be compared to TRVS
discussed previously. Both the maximum and
average detected concentrations of contaminmrts
were used in the model, Model runs were
performed for the bald eagle using the
maximum arrd average concentrations of



mercury detected in Iargemouth bass in Par
Pond (Paller and Wike 1996b) and L-Lake
(Paller 1996). For the cottontail, both the
maximum and average detected concentrations
in sediments (exposed soils) from the studies
discussed above were used to determine
contaminant concentrations in terrestrial
vegetation and were also used to calculate
incidental ingestion of mercury from
contaminated soil. For the wood stork,
contaminant concentrations in small fish that
this receptor was assumed to forage on were
obtained from preliminary data generated by the
Savannah River Ecology Laboratory as part of
on-going wood stork ecology studies (Bryan,
Brisbin, and Jagoe 1997). Several species of
fish in Par Pond and L-Lake were collected and
analyzed for mere.u~ by SREL, including
largemouth bass, bluegill, brook silversides,
warnrouth, sunfish (several types), and lake
chubsrscker. For each of these species, only fish
of a size tiat the wood stork would be expected
to forage on (approximately 120 millimeters or
smaller) were collected.

The equations used to calculate the dose of
mercury ingested for each exposure route for the
bald eagle, wood stork, and cottontail rabbit are
presented below.

Incidental Ingestion of Soil/Sediment

Intestinal absorption of mercu~ in
soil/sediment was consewatively assumed to
equal 100.percent. Daily intake of mercury as a
result of ingestion of soil/sediment was
determined using the following equation:

PD ingestion of soil=

(Csoil x FI X SA XAF XF)

(WR x CF)

where: PD =

C~oil =

predicted dose from ingestion
of soil (mg/kg/day)

concentration in soil (m@g)

FI =

SA =

AF =

F=

WR=

CF =

fractional intake (percent of
home range that overlaps
impacted area; assumed to be
100%)

percent of diet that equals soil

absorption fraction (unitless;
assumed to= 100%)

food consumed (mg/day)

body weight (kg)

conversion factor (kg to mg)

Ingestion of Food items

Intestinal absorption of mercury was
conservatively assumed to equal 100 percent.
The following equation was used to estimate
mercu~ intake from ingestion of contaminated
food items:

PD ingestion of food =

(CfoO~x F XFA XFI X AF)

(WR XCF)

where: PD =

CfOOd=

F=

FA =

FI =

AF =

predicted dose from ingestion
of food items (mg/k~day)

contaminant concentration

(vegetation or prey mgikg)

food consumed (mg/day)

animals/vegetatiOn as a
percentage of diet

fractional intake (percent of
home range that overlaps
affected area, assumed to be
100YO)

absolution fraction (unitless:
assumed to = 10OO/.j
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WR = weight of receptor (kg)

CF = conversion factor (kg to mg)

Radiological: Contaminant Doses for
Representative Receptors

Radiation dose to receptor species from
radiological COCS is dependent on species-
specific habits and other species-specific
parameters, such as bioaccumulation factors. A
simple but conservative model was used to
estimate radiation doses to receptor species
based on exposure to contaminants in ambient
water, uptake of contaminants in water,
exposure to contaminants in sediments (for
fish), and exposure to contaminants through the
ingestion of fish (for avian species).

Radiation dose to fish from exposure to
contaminants in ambient water was calculated
by multiplying the concentration of each
radiological COC in the ambient water by a
submersion dose conversion factor. Radiation
dose to fish from uptake of contaminants in
water was calculated by multiplying the
concentration of each radiological COC in the
ambient water by a species-specific
bioaccnmulation factor for the given COC, and
by a species-specific internal dose conversion
factor. Likewise, the radiation dose to fish from
exposure to contaminants in sediments was
calculated by multiplying the concentration of
each radiological COC in the sediment by an
external dose conversion factor. Radiation
doses from these three pathways were added
together for a total radiation dose. Total
radiation dose was calculated for both the
maximum and average COC concentrations in
applicable media.

Radiation doses to avian species were calculated
for the consumption of contaminated food
items. It is consewatively assumed fiat each
avian species subsists entirely on a diet of
contaminated minnows or Iargemouth bass, as
appropriate for the given avian species. The
radiation dose for the avian species was
calculated by multiplying the concentration of

the COC in the food source by the food
consumption rate, arrd by a species-specific dose
conversion factor.

The calculation of dose conversion factors for
ingestion forallavian species is similar. For
purposes of these calculations, the animals are
assumed to pnssess similar metabolic processes
as humans with regard to retention and
excretion of radioisotopes; the chemistry of
radioisotopes in the animals’ bodies is assumed
to be the same as that of humans. Equations
from the International Commission on
Radiological Protection were used to predict the
uptake rate and body burden of radioactive
material over the lifespan of the animals, which
is assumed to be one year. All isotopes were
assumed to be uniformly distributed throughout
the body of tie aimal. For purposes of this
calculation, the entirety of the alpha and beta
particle energies was assumed to be absorbed
within the body of the animals. Although only a
small fraction of the energy emitted by the
isotopes of concern is due to gamma rays, their
contribution to the absorbed dose is taken into
account by assuming that the animals have the
following effective radii: osprey -1.2 inches
(3 centimeters), heron -2 inches (5 centimeters),
bald eagle -4 inches (10 centimeters), and wood
stork -4 inches (1Ocentimeters). Tabulated
values (Baker and Soldat 1992) of absorbed
energy per disintegration were utilized,

Internal dose conversion factors for minnows
and Iargemouth bass were calculated by
assuming a steady-state concentration of
radioactive material within the tissues of the
animal. The absorbed dose due to particulate
radiation is calculated as described above for
avian species. For photon radiation, the
absorbed fractions are assumed to be equal to
that for a sphere of water with an effective
radius of 0.6 inches (1.4 centimeters) (minnow)
and 2.8 inches (7 centimeters) (bass) (Baker and
Soldat 1992). The external dose to minnows
and Iargemouth bass in streams is assumed to
result from two sources: the water surrounding
the fish and the sediment beneati the fish. For
purposes of the submersion dose calculation, the
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minnows and largemouth bass are assumed to
be surrounded at all times in their lifespan by an
infinite body of water with a uniform
distribution of radioactive material. The
external dose is assumed to arise entirely from
photon radiation. Tabulated values (Baker and
Soldat 1992) of immersion dose conversion
factors were utilized. External dose conversion
factors from exposure of minnows and
Iargemouth bass to sediment on the bottom of
the streams were calculated using the
MicroShield computer code.

B.1.2.2 RISK CHARACTERIZATION

B.1.2.2.I Non-Radiological

As identified by EPA (1995a), the preliminary
risk characterization step in the ecological risk
assessment process compares exposure point
contaminant concentrations with screening
levels protective of ecological receptors, or
contaminant doses to TRVS. Once this step was
completed for this study, the results were
reviewed to determine whether little or no
ecological risk is associated with the Proposed
Action at the sites or if additional information
must be generated to verify that ecological
receptors are at risk, Prior to the comparisons
described above, tie maximum and average
concentrations of inorganic contaminants at
each site were compared to hvo times the
avemge concentrations in background samples.
Inorganic COPCS that did not have maximum or
average concentrations in excess of wo times
the background concentration were excluded
from further consideration. This step is
performed since concentrations of inorganic
can be naturally high and not indicative of
contaminant releases (EPA 1996c).

The ratio of the exposure point contaminant
concentration to the screening level is called the
Hazard Quotient (HQ), and is defined as
follows:

HQi = EPCi/ESLi

where: HQi = Hazard Quotient for COPC “i”

(unitless)

EPCi = Exposure Point Concentration

for COPC “~ (ugikg or mg/kg)

ESLi = Ecological Screening Level for

COPC “i” (ugikg or mg/kg)

When the ratio of the exposure point
concentration to its respective screening level
exceeded 1.0, adverse impacts were considered
possible, and the COPC was retained as COC.
The HQ value should not be construed as being
probabilistic; rather, it is a numerical indicator
of the extent to which an exposure point
concentration exceeds or is less than a screening
level. When HQ values exceed 1.0, they are an
indication that ecological receptors are
potentially at risk; additional evaluation or data
may be necessary to confirm with greater
certainty whether ecological receptors are
actually at risk, especially since most screening
levels are conservatively derived. Furthermore,
otier factors, such as low frequency of
detection, may mitigate potential risks for a
COC with an elevated HQ value. Because of
the conservatism inherent in most screening
level derivation, EPA Region III (EPA 1994)
has suggested that HQs greater than one are
indicative of low to moderate potential risk,
HQs greater than 10 are indicative of moderate
potential risk; and HQs greater than 100 are
indicative of high potential risk. However,
these classifications were used only as a general
guide, and individual exceedances of screening
levels and HQ values were each scrutinized.

The use of HQs is probably the most common
method used for risk characterization in ERAs.
Advantages of this method, according to
Bamthouse et al, (1986), include the following:

. The HQ method is relatively easy to use, is
generally accepted, and can be applied to
any data.
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. The method is useful when a large number
of contaminants must be screened.

This method of risk characterization has some
inherent limitations. One primary limitation is
that it is a “no/maybe” method for relating
toxicity to exposure, Also, itusessinglevahres
for exposure concentrations and screening levels
and does not account for the variability in both
these pammeters nor for incremental or
cumulative toxicity. To address cumulative
toxicity, HQs were summed for all contaminants
with simikir modes ofaction ina given medium
toobtain a Hazard Index (HI). Although similar
to an HQ in that asrHI value of one or greater
indicates potential risk, the HI should be
interpreted with caution. The HIvalue may
exacerbate the preceding uncertainties in the
assessment. Forexample, most ofan HI value
may be due to a single contaminant that has a
high HQ but a low frequency of detection.
Also, ecological toxicity is not necessarily
additive even ifmodes ofaction are similar. As
mentioned above, multiple contaminants may
have synergistic, and even ameliorating, effects.

The comparisons described above are presented
in site-specific screening tables to select COCS
for each individual waterbody assessment
section. Screening tables include the frequency
of detection for each COPC, as well as the
exposure point concentration, and as mentioned
earlier, contaminant-specific screening levels.
Note that due to the absence of extensive non-
radiological data for Lower Three Runs and
Steel Creek, the data and results were not tabled.
Some contaminants were present in some media
for which no suitable screening values were
available. In tiese instances, these
contaminants were conservatively retained as
COCS and qualitatively assessed. For
comparison of doses to TRVS, the HQ metiod

was also used. HQ values for each exposure
route were summed to obtain a HI based on all
exposure routes.

B.1.2 .2.2 Radiological

For radiological contaminants, the preliminary
risk characterization step in the ecological risk
assessment process compares exposure point
contarrrinant concentrations with screening
levels (background), and, for the remaining
radionuclides, radiation dnses to the guideline
doses described earlier. For tiis study, the
results of the preliminary risk characterization
were reviewed to determine if ecological risk is
associated with the Proposed Action at the
waterbodies or if additional information must be
generated to verify that ecological receptors are
at risk.

Again, as a screening value, the maximum and
average concentrations of radiological
contain inants at each site were compared to two
times the average concentrations in background
samples. Radiological COPCS that did not have
maximum or average concentrations in excess
of two times the background concentration were
excluded from fiu’tber consideration. Any
inorganic concentration less tharr two times the
background concentration may not be indicative
of a contaminant release (EPA 1996c) and can
be considered statistically insignificant
considering the applicable dose limits.
Radiological doses were compared to DOE
radiation dose limit for aquatic organisms of
1.0 rad per day (DOE Order 5400.5). For
terrestrial organisms, this ERA used a radiation
dose limit of 0.1 rad per day. The International
Atomic Energy Agency has concluded that there
is “no convincing evidence from the scientific
literature that chronic radiation dose rates below
1 milligray per day (36.5 rad per year) will harm
animal or plant populations” (IAEA 1992).

B.1.3 Uncertainty Analysis

Uncertain is associated witilll aspects of the ERA, with a discussion of how they may affect
ERA process. This section provides a summary the final risk values and conclusions. Some
of the general uncertainties involved in this additional discussion of site-specific

B-19



DOE/EIS-0268

uncertainties are also contained in site-specific
assessment sections below.

Once an ERA is complete, the results must be
reviewed and evaluated to identify the &pes and
magnitudes of uncertainties involved. Relying
on results from a risk assessment without
consideration of uncertainties, limitations, and
assumptions inherent in the process can be
misleading. If numerous conservative
assumptions are combined in the ERA process,
the resulting calculations will propagate the
uncertainties associated with each of those
assumptions. The resulting hias is toward
overpredicting risks. Thus, both the results of
the risk assessment and the uncertainties
associated with those results must be considered
when making risk management decisions.

Generally, risk assessments carry two types of
uncertainty: measurement and informational,
Measurement uncertainty refers to the
variability inherent in measured data. The risk
assessment reflects the accumulated variances
of the individual values used for several
different parameters. Informational uncertainty
stems from the limited availability of necessary
information, Ofien the gap between what is
needed and what is available is significant
information regarding the effects of some
contaminants on wildlife receptors, the
biological mechanism of a contaminant, the
impact of physiological differences on exposure
pathways, or the behavior of a contaminant in
various environmental media is often absent.

Uncertainty is associated with each of the steps
of the risk assessment process:

. Uncertainty in preliminary problem
formulation can result from limited
information regarding contaminant sources,
release mechanisms, and exposure routes.

. Uncertainty in the ecological effects
characterization arises from the quality of
tie existing screening values and toxicity
data to support a determination of potential
adverse impacts to ecological receptors.
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. Uncertainty associated with the exposure
assessment includes the methods used and
the assumptions made to determine
exposure point concentrations or calculate
contaminant doses.

● Uncertainty in risk characterization includes
that associated with combining conservative
assumptions made in earlier activities.

B. I.3.1 UNCERTA~TY IN T~
PRELIMINARY PROBLEM
FORMULATION

For the most part, ecological risk assessments
are performed to assess the potential for current
or future risks given a constant environmental
scenario. Although ERAs are occasionally
conducted that are based on modeled data for
changing environmental conditions in the
future, uncertainties are introduced into the
process when assessing potential risks for a
future scenario that is not fully understood. In
particular, fluctuating water levels in the future
under the Proposed Action introduce variables
that are difficult to fully account for in the
assessment. This includes uncertainty involved
in determining contaminant migration and
exposure routes. For example, mercury may be
resuspended in the water column from
fluctuating water levels, but it is difficult to
predict the magnitude of such contaminant
migration and the extent to which receptors may
be adversely affected.

B.1.3.2 UNCERT~TY IN THE
ECOLOGICAL EFFECTS
CHARACTERIZATION

A great deal of uncertainty in this risk
assessment arises from the nature and quality of
the available toxicity data used to derive
screening levels. This uncertainty is reduced
when similar effects are observed across
species, strain, sex, and exposure route; when
the magnitude of the response is clearly dose
related, and when postulated mechanisms of
toxicity are similar for laboratory and wildIife
species. Most screening levels are based on the
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most conservative assumptions possible.
Although an inherent level of consewatism is

needed in a screening-level ecological risk
assessment to ensure that the most sensitive

receptors are protected, conservative screening
levels may heavily overestimate potential risks

and the resulting HQ values may be misleading,

Both ambient water quality criteria (as used in
Region, 4 screening levels) and many sediment
screening values used in this assessment are
based on laboratory studies that do not take into
account mitigating or ameliorating physical and
chemical conditions in the environment.
Therefore, uncertainty is introduced into the
assessment, and the results tend to overestimate
potential risks.

In addition, ERAs, unlike human health risk
assessments, must consider risks to many
different species. Calculation of risk values for
every potential receptor species is not possible.
For this ERA, conservative screening levels
protective of a wide range of ecological
receptors were sought. The underlying
assumption associated with the use of these
screening levels is that contaminant
concentrations in excess of these values are
indicative of potential impacts to actual
receptors inhabiting the area. However, species-
specific physiological differences that may
influence an organism’s response to a
contaminant or subtle behavioral differences
that may increase/decrease a receptor’s contact
with a contaminant are seldom known. Also,
some contaminants were present in some media
for which no suitable screening levels were
available, and as a result, they could not be
quantitatively assessed. For these reasons, the
use of screening levels, while necessary, will
introduce error into the results of an assessment.

Individual receptor species were chosen for
modeling of potential risks from exposure to
mercury. ASdiscussed earlier, toxicity
reference values were obtained for each species.
Since”no toxicity tests have been conduc!.ed for
the receptors chosen, laborato~ toxicity ~ata
from similar species were obtained and
extrapolated. Toxicity data for the mallard were

used to extrapolate for the bald eagle and wood
stork, and rat toxicity data were used for the
cottontail rabbit, Both the mallard and rat are
generally considered to be sensitive to
contaminants. Therefore, the use of data for
these organisms may increase the chances tiat
potential risks are being over-predicted.
Nonetheless, the use of toxicity data for species
other than those investigated in the modeling
introduces uncertainty.

B.1.3.3 UNCERTAINTY IN THE
EXF’OS~ ASSESSMENT

Uncertainty in the exposure assessment arises
mainly in the methods used to obtain exposure
point concentrations. The maximum detected
contaminant concentrations were generally used
to represent the highest contaminant
concentrations to which ecological receptors
might be exposed. If the samples evaluated in
this ERA are representative of contaminant
concentrations associated with the sites, then
this approach is conservative and should
overestimate potential risks to ecological
receptors. The maximum concentration of a
contaminant in a given medium may have been
collected in a “hot spot” of contamination, and
may be much higher than the remaining values
in the data set. Again, although use of
maximum values is appropriate for screening in
an ERA, they may grossly overpredict potential
risks. To somewhat mitigate these
uncertainties, average concentrations were also
used, but they do not fully account for the
uncertainties involved in selecting exposure
point contaminant concentrations.

Also, several input parameters were used in the
modeling calculations for each receptor. To
maintain a relatively high level of conservatism
in this screening-level assessment, worst-case
values were used to calculate risk values for
each receptor (e.g., exposure to maximum
concentration of mercury in fish for the wood
stork and eagle). However, it is highly unlikely
that the very consewative values used for each
exposure parameter will hold true in the
environment. The use of several of these
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assumptions in the calculations increases the B.1.3.4 UNCERTAINTY IN T= RISK
chances that the risks are over-predicted, CHARACTERIZATION
introducing uncertainty into the results.

Uncertainty in the risk characterization is
Furthemrore, data used to obtain exposure point affected by all aspects of the ERA process
contaminant concentrations and contaminant described in tbe above sections. Uncertainty in
concentrations in fish for the mercury modeling risk characterization also stems, in part, from
were obtained from several different sources. the fact that different components of the ERA
Although each of these studies was scrutinized are combined and compared in this step. Each

to determine if it was adequate for its use in this of those components already contains different
assessment, the use of data from different types of uncertainty, as discussed above. Thus,
sources contributes to uncertainties. For uncertainties may be propagated when these
example, laboratory analyses were perfomred by components are combined. To try to reduce the
different Laboratories which may have different overall uncertainty in the risk assessment, the
detection limits in their methods, slightly weight of evidence approach is used to make
different analytical protocols, and so forth. risk decisions. This approach takes the results

of all aspects of the assessment into account,
including the uncertainties, to make
determinations of potential risk/no risk.

B.2 PAR POND

The major elements of preliminary problem
formulation, ecological effects assessment, and
exposure assessment for the Par Pond ERA are
discussed in Section B. 1. Hence, only the risk
characterization results and discussion are
presented in this section.

B.2.1 NON-RADIOLOGICAL
CONTAMINANTS

Risk Characterization - Results

The results of the risk characterization step for
each aspect of the Par Pond assessment are
presented below.

Surface Water

In Par Pond surface water, barium (HQ = 4.62),
beryllium (HQ = 2.83), and cadmium (HQ =
1.52) bad HQ values in excess of one
(Table B-6). These three metals also had
average concentrations with HQs greater than 1
(Table B-7). Since no suitable site-specific
background data were available, concentrations
were not compared to IWOtimes the average
background concentration.
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Sediments

Only the maximum concentration of mercury
exceeded its sediment screening level, with a
HQ value of 3.72 (Table B-8). Most
contaminants’ maximum concentrations did not
exceed two times the average background
concentration. Thallium was conservatively
retained as a sediment COC since the maximum
detected concentration exceeded two times the
average background concentration and no
suitable sediment screening level was available.
Acetone was conservatively retained as a
sediment COC since no suitable screening level
was available. No inorganic contanrinants had
average concentrations in excess ofhvo times
their background concentrations (Table B-9).
Acetone was also conservatively retained as a
COC under the average scenario since no
suitable screening level was available.

Surface Soil

Manganese (HQ = 3.96) and mercury (HQ =
4.8) were present in maximum concentrations in
excess of screening levels (Table B- 10).
Thallium was conservatively retained as a COC



Table B-6. Selection of surface water contaminants of concern for Par Pond maximum contain inant concentrations.

Average

Background Maximl)m

Contaminant of Potential Frequency of (Reference) Detected Surface Water I-lazard

Corlcern Detection COncen[ratiO]la Cotlcentratio!lb Screening I,evelc Quotienld Retaitlcd as a COC?

Irlorganics (~g(l,)

Aluminum 8/8

Antimony

Arsenic

Barium

Berylliuln

Cadmium

Cobalt

Iron

Manganese

Nickel

Sclcniu]n

Thalliu!n

Zinc

3/8

5/8

81g

l/g

I/8

2/8

8/8

8/8

2/8

3/8

2/8

3/8

NAC

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

79

3

4

[8

I .5

I .0

2

318

73

5

3

2.7

4

87

160

I 90

3.9

0.53

0.66

3

I,000

80

87.7

5

4

58.9

091

0.02

0.02

4,62

2.83

1.52

0.67

0.32

0.91

0.06

0.6

0.68

0.07

No - dots not exceed scrccnit]g Ievcl

No - does not exceed screetling level

No - does not exceed scrccni!,g level

Yes - cxcccds screening ICVCI

Yes - exceeds screening Ievcl

Ycs - exceeds screening Icvcl

No - does not exceed scrccning Ievcl

No - does not exceed scrccning Icvcl

No - does riot cxcecd screcr,ir]g ICVCI

No - does not excccd scrccning Icvcl

No - does not excccd scrccnin8 Icvel

No - does !]ot excccd screc!lit]g ICVCI

No - does not cxcced scrccning Ievcl

a. No suitable data was available.

b. Source: Paller a!ld Wike ( 1996b).

c, SCc T?blc 13-1.

d. No hazard quotient was calculatedif tbe representative concentration did lnotexceed two times the average background or if no screeuing Icvcl was available.

e. NA = Not available.



Table B-”,. Selection of surface water contaminants of concern for Par Pond average contaminant concentrations.

Average

Backgmut]d

Contaminantof Potential Frequency of (Refcre.ce) Avcmgc Surface Water

Concern

Hazard

Detection COncerltrationa Conccntrationb Screening Levclc Quotic.td Retained as a COC?

Inorganic (pg/L)

Aluminum

Antimony

Arsenic

Barium

Beryllium

Cadmium

Cobalt

Iron

Manganese

Nickel

8/8

3/8

5/8

8/8

I/8

I/8

2/8

8/8

8{8

2/8

~AC

NA

NA

NA

NA

NA

NA

NA

NA

NA

47

2

2.5

10.5

I.4

I

2

272.s

40

3.5

87

160

190

3.9

0.53

0.66

3

I ,000

80

87,7

0.54

0.01

0.01

2.69

2.64

1,52

0.67

0.27

0,5

0.04

Sclcnitlm 3/8 NA 2,5 5 0.5

Thalliu[n 2/8 NA 2.5 4 0.63

Zinc 3/8 NA 3 58.9 0.05

No - does not exceed scrccning Ievcl

No - does not exceed screening level

No - dots not exceed screening Ievcl

Yes - exceeds screening level

Yes - exceeds screening Icvcl

Yes - exceeds screening lcvci

No - does not exceed scrccr]in8 Icvel

No - does not exceed scrccni!lg level

No dots not excccd screening level

No - dots not exceed scrccning level

No - dots not cxcccd screening !CVCI

No - dots not cxcced screening Icvel

No - does IIOt cxcecd scrccning ICVCI

a. No suitable data was available.

b. Source: Paller and Wikc ( 1996b),

c. Sce ‘~ab)e B-1.

d. No hazard quotient was calculated if the rcprcscntative concentration did not exceed two times the average background or if no scrccni”g Ievcl was available.

c. NA = Not available.



Table B-8. Selection of sediment contaminants of concern for Par Pond lnaximum cnntam in ant concentrate ions.

Average

Backgrot[rld Maximum Sediment

COntamialant of Potential Frcqllcllcy of (Rcfcrcncc) Detected Screening Ilamrd

Con.crn Delcct ion Concentratior]a ConcentratiOna [.cvcib Q.otientc Retained as a COC?

hlorganics (!nglkg)

Ahltninutn 4/4 6,456 2,100 NAd . . . No - dots not exceed [WO tinles the average backgrou!ld

Antimony I/4 2,7 4 12 . . . No - does not exceed two times the average background

Arsenic I/4 2.5 4 7.24 --- No - does not exceed two times the average background

Barium 4/4 43,4 24.7 NA . . . No - does not exceed two times the average background

BcryRium 4/4 02 0.1 NA . . . No - does not exceed two tbnes the average backgroutld

Chrotniuln 4/4 6.6 3,2 52.3 --- No. does not exceed two tbnes OIe average background

Cobalt 4/4 0.6 0.7 NA . . . No - does not exceed two tilncs tbc average backgroutld

Copper 4/4 3.3 2.4 18.7 --- No - dots r]ot exceed two times [be average backgro,snd

Lead 414 5.7 6.1 30.2 --- No - does not exceed two tilnes the average background

Manganes. 414 137.4 396.2 460 0.86 No - dots not exceed screening level

Mercury 127/149 0.067 0.484 0.13 3.72 Yes - exceeds t,vo times the hackgraund and scrccning

level

Nickel 4/4 2,5 1.3 15.9 . . . No - does not cxcccd two times tbc average bxckgrou”d

Selenium I/4 2.8 4 NA . . . No - does not exceed two times the average hackgrou”d

‘Iballium 2/4 3.0 6.4 NA . . . Yes - exceeds t,vo times OICaverage background a!lcl “o

suitable screelli!]g Ievcl available

Vanadiu]n 414 9.9 5.5 NA . . . No - does not exceed two titnes the average backgro,~nd

Zinc 414 6.6 5.2 124 . . . No - dots not cxcccd two tirncs the average backgro”rld

Orga,lics (ug/kg)

Acetone 4/4 I 8.7 20.6 NA . . . Yes - no suitable screcrlirlg Icvc[ available

Xylene 2[4 0.18 0.46 25 0.02 No - does not cxcccd scrccning level

a. Srn!rce: Paller and Wike ( 1996a).

b. Scc ‘~ablc B-2.

c. No hazard quotient was calculated if tbe representative concentration did not exceed two times the average background or if no screening level was available.

d. NA = Not available.
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Average

Background Sediment

COlltalni]l ant Or I>otential Vrcqucncy of (Reference) Average Screening Hazard

Concern Delcctiorl Co]lccldratiOna COncentratiOn~ Levelb Quotie!llc Retained as a COC?

l“organics (mglkg)

Ahltninum 4/4 6,456 1,619 NAd . . . No - does not exceed two times the average backgroutld

Alltimony I/4 2.7 3.4 12 . . . No - does not exceed two titnes the a.cragc background

Arsenic l/4 2,5 3.4 7.24 . . . No does not exceed [,VO times the average background

Bariutn 4/4 43.4 17,2 NA . . . No - does tlot cxcccd two times fbc average background

13crylliur71 4/4 0.2 0.1 NA No does not .xceed two times tbc average background

Cbro!niutn 4/4 6.6 2,4 52.3 . . . No - does not cxcccd two times the average backgrot!nd

Cobalt 4/4 0.6 0.5 NA . . . No - dots not exceed IWO times the average background

Copper 4/4 3.3 1.8 18.7 . . . No - does not exceed two tirncs the average backgrou!]d

lead 4/4 5.7 4.1 30.2 . . . No - does not excccd two times the average background

Manganese 414 I 37,4 169.1 460 . . . No - dots not cxcccd tbvo times the average backgro[!nd

Mercury 127/1 49 0.067 0.077 0.13 No - does not excccd two times the average background

Nickel 4/4 2.5 I I 5.9 . . . No - does not excccd two times the average background

Selenium l/4 2.8 3. I NA . . . No - does not excccd two times the average background

Thallium 2/4 3.0 4. I NA . . . No - does not exceed two times !be average backgroltnd

Vanadiulll 4/4 9.9 3.6 NA . . . No - does !lot excccd two times tbe average background

Znc 4/4 6.6 3.3 124 . . . No - does not exceed two times lbc average bstckground

Organics (~Lg/kg)

Acetone 4/4 18.7 16.2 NA . . . Ycs -no suiiable screening Icvcl available

Xylcllc 2/4 0.18 0.28 25 0.01 No - does nol exceed scrccning Ievcl

a. Source: Pallcr and Wike (1996a).

b, Scc Table B-2,

c. No hazard quotient was calculated if the rcprcscnlalive collcenlration did not cxcecd lwo times the average background or if no screening level was available,

d. NA = Not available.

-m--Dua -n---am -n --



I
I APPENDIX C. OCCUPATIONAL AND PUBLIC HEALTH IMPACTS

I

:1
I
1
1
I

I

I
I
I



&

c-1

c-2

c-3

c-4

c-5

C-6

c-7

C-8

c-9

c-lo

C-11

C-12

C-13

LIST OF TABLES

L-Lake - Radiological doses associated with the No-Action Alternative and
resulting health effects to the offsite maximally exposed individual (current use)
and the general public ......................................................................................................

L-Lake Radiological doses associated with the No-Action Alternative and
resulting health effects to the maximally exposed individual (future use) ......

L-Lake - Nonradiological hazard indexes and cancer risks associated with the
No-Action Alternative for the offsite maximally exposed individual (future use) ........

L-Lake - Involved worker (current use) radiological doses associated with the
No-Action Alternative and resulting health effects .........................................................

L-Lake - Involved worker (fiture use) radiological doses associated with the
No-Action Alternative and resulting health effects .........................................................

L-Lake - Uninvolved worker radiological doses associated with the No-Action
Alternative and resuiting health effects ...........................................................................

L-Lake - Involved worker (current use) nonradlological hazard indexes and cancer
risks associated with the No-ActIon Altematlve .............................................................

L-Lake - Involved worker (future use) nonradiological hazard indexes and cancer
risks assomated with theNo-Action Altematlve ..... .... . .. ...... ... .......... .. .. . .. .... .. ..

L-Lake - Radiological doses from atmospheric releases associated with the Shut
Down and Deactivate Alternative and resulting health effects to the offsite
maximally exposed individual. ........................................................................................

L-Lake - Radiological doses from aqueous releases associated with the Shut Down
and Deactivate Alternative and resultirrg health effects to the offsite maximally
exposed individual ...........................................................................................................

L-Lake - Radiological doses from atmospheric releases associated with the Shut
Down and Deactivate alternative and resulting health effects to the offsite
pOpulation .........................................................................................................................

L-Lake - Radiological doses from aqueous releases associated with the Shut Down
and Deactivate Alternative and resulting health effects to the offsite population..., .......

L-Lake - Offsite maximally exposed individual nonradiological hazard indexes
and cancer risks from atmospheric releuses associated with the Shut Down and
Deactivate Alternative. ...... .. ......... ... ..........................................................................

&

c-1

c-2

C-3

c-4

c-5

C-6

c-7

C-8

C-9

c-lo

C-n

C-12

C-13

I
I
I
I
I
I
!
I
I
I
I
I
I
I
1
I
1



i

I
I
I
I
I
I
I
I
1
I
u
1
i
1
1
i
i
I

DOE/EIS-0268

C-14

C-15

C-16

C-17

C-18

C-19

C-20

c-2 1

c-22

C-23

C-24

C-25

C-26

C-27

C-28

C-29

L-Lake - Offsite maximally exposed individual nonradiological hazard indexes and
cancer risks from aqueous releases associated with the Shut Down and Deactivate
Alternative ........................................................................................................................

L-Lake - Involved worker (current use) radiological doses associated with the

Shut Down and Deactivate Alternative and resulting health effects ..... .. .. ...... .... ..

L-Lake - Involved worker (futnre use) radiological doses associated with the
Shut Down and Deactivate Alternative and resulting health effects . . ... .... ... ...... ...

L-Lake - Uninvolved worker (L-Area) radiological doses associated with the
Shut Dom and Deactivate Alternative and resulting health effects

L-Lake - Uninvolved worker (P-Area) radiological doses associated with the
Shut Down and Deactivate Alternative and resulting health effects,., .

L-Lake - Uninvolved worker (R-Area) radiological doses associated with the

Shut Down and Deactivate Alternative and resulting health effects .

L-Lake - Involved worker (cument use) nonradiological hazard indexes and cancer
risks associated with the Shut Down arrd Deactivate Altematlve .

L-Lake - Involved worker (future use) nonradiological hazard indexes and cancer
risks associated with the Shut Down and Deactivate Altematlve

L-Lake - Uninvolved worker (L-Area) nonradiological hazard indexes and cancer
risks associated with the Shut Down and Deactivate Altematlve

L-Lake - Uninvolved worker (P-Area) nonradiological hazard indexes and cancer
risks associated with the Shut Down and Deactivate Altematlve . . .

L-Lake - Uninvolved worker (R-Area) nonradiological hazard indexes arrd cancer
risks associated with the Shut DOW and Deactivate Altematlve . .. .... ... ....... .......... ..

Pen Branch - Involved worker (current use) radiological doses associated with the
No-Action Alternative arrdresulting health effects .........................................................

Pen Branch - Involved worker (fntnre use) radiological doses associated with the
No-Action Alternative and resulting health effects .........................................................

Foumrile Branch - Involved worker (c.umentuse) radiological doses associated with
the No-Action Alternative and resulting health effects ...................................................

Fornmile Branch - Involved worker (future use) radiological doses associated with
the No-Action Alternative and resulting health effects ..................................................

Steel Creek - Involved worker (cument use) radiological doses associated with the
No-Action Alternative and resulting health effects .........................................................

C-iii

C-14

C-15

C-16

C-17

C-18

C-19

C-20

C-2 1

c-22

C-23

C-24

C-25

C-26

C-27

C-28

C-29



DOEIEIS-0268

C-30

C-3 1

C-32

c-33

c-34

c-3 5

C-36

c-37

C-3 8

c-39

C-40

c-4 1

C-42

c-43

c-44

c-45

C-46

Steel Creek - Involved worker (future use) radiological doses associated with the
No-Action Alternative and resulting health effects .......................................................

Steel Creek - Involved worker (current use) radiological doses associated with the
Shut Down and Deactivate Alternative and resulting health effects.. . . . . .. .. . . . . . . . . . .. . . . . . . . . . .

Steel Creek - Involved worker (future use) radiological doses associated with the
Shut Down and Deactivate Alternative and resulting health effects ......................

Steel Creek - Involved worker (current use) nonradiological hazard indexes and
cancer risks associated with the Shut Down and Deactivate Altematlve, .......................

Steel Creek - Involved worker (future use) nonradiological hazard indexes and
cancer risks associated with the Shut Down and Deactivate Altematlve ........................

Par Pond - Radiological doses associated with the No-Action Alternative and
resulting health effects to the offsite maximally exposed individual ........................

Par Pond - Radiological doses associated with the No-Action Alternative and

resulting health effects to the general public .... .............. .................................................

Par Pond - Nonradiological hazard index associated with the No-Action Alternative
for the offsite maximally exposed individual (future use) ..............................................

Par Pond - Involved worker (current use) radiological doses associated with the
No-Action Alternative and resulting health effects ........ .................................................

Par Pond - Involved worker (fiture use) radiological doses associated with the
No-Action Alternative and resulting health effects .........................................................

Par Pond - Uninvolved worker (L-Area) radiological doses associated with tie
No-Action Alternative and resulting health effects .........................................................

Par Pond - Involved worker (current use) nonradiological hazard indexes and cancer
risks associated wlththeNo-Action Altematlve .............................................................

Par Pond - Involved worker (future use) nonradiological hazard indexes and cancer
risks associated wlthtieNo-Action Altematlve .............................................................

Par Pond – Uninvolved worker (L-Area) nonradiological hazard indexes and cancer
.

risks associated w]th theNo-Action Altematlve .............................................................

Combined radiological doses associated with the No-Action Alternative and
resulting health effects to the offsite maximally exposed individual (current use) .........

Combined radiological doses associated with the No-A~tion Alternative ~d
resulting health effects to the offsite maximally exposed individual (future use)

Combined radiological doses associated with tie No-Action Alternative and resulting
health effects to the general public ..................................................................................

C-30

C-31

C-32

c-33

c-34

c-35

C-36

c-37

C-38

c-39

C-40

C-41

C-42

c-43

c-44

c-45

C-46

I
I
I
1
I
I
I
I
I
1
I
1
B
f
I
I
I
I
IC-iv



1
I
1
I
1
I
1
1
I
s
1
I
1
#
8
1
1
I
I

DOE/’EIS-O268

c-47

C-48

c-49

c-so

c-5 1

C-52

c-53

c-54

c-55

C-56

C-57

C-58

c-59

C-60

C-61

C-62

C-63

Combined nonradiological hazard indexes associated with the No-Action Alternative
for members of the public (current use) ...........................................................................

Combined nonradiological hazard indexes and cancer risks associated with the
No-Action Alternative for members of the public (future use)

Combined involved worker (current use) radiological doses aud resulting impacts
associated with the No-Action Alternative ......................................................................

Combined involved worker population (current use) radiological doses associated
with the No-Action Alternative . . ..... .. .......... ................. .......... ......... . ....... . ... ... .

Combined involved worker (fihsre use) radiological doses associated with tie
No-Action Alternative .....................................................................................................

Combined involved worker population (future use) radiological doses associated
with tfre No-Action Alternative .... ..... ........ .. .. ....... ... ............. ........... ............ .... .....

Combined uninvolved worker radiological doses and resulting impacts associated
with the No-Action Alternative .. .......... ................. ............ ...... .. ..... ...... ............. ....

Combined uninvolved worker population radiological doses aud resulting impacts
associated with the No-Action Alternative ......................................................................

Combined nonradiological hazard indexes and cancer risks associated with the
No-Action Alternative for the involved worker (current use) .

Combined nonradiological hazard indexes and cmrcer risks associated with tie
No-Action Altemativeforthe involved worker (fiture use) ...........................................

Combined nonradiological hazard indexes associated with the No-Action Alternative
for uninvolved workers ....................................................................................................

Combined radiological doses associated witi tie Shut Down aud Deactivate
Alternative and resulting health effects to the offsite maximally exposed individual

Combined radiological doses associated with the Shut Dom and Deactivate
Alternative aud resulting health effects to the general public . . . . .

Combined nonradiological hazard indexes arrd cancer risks associated with the
Shut Down and Deactivate Alternative for members of the public .................................

Combined involved worker (current use) radiological doses associated with the
Shut Down arrd Deactivate Alternative ............................................................................

Combined involved worker population (current use) radiological doses associated
with the Shut Down arrd Deactivate Alternative ..............................................................

Combined involved worker (future use) radiological doses associated with the
Shut Down aud Deactivate Alternative ............................................................................

c-47

C-48

c-49

C-50

c-5 1

C-52

c-53

c-54

c-55

C-56

c-57

C-58

c-59

C-60

C-6 1

C-62

C-63

c-v



C-63

C-64

C-65

c-66

C-67

c-68

C-69

C-70

Combined involved worker (future use) radiological doses associated witi the
Shut Down and Deactivate Alternative ............................................................................

Combined invOlved worker population (future use) radiological doses associated
with the Shut Down and Deactivate Altemat]ve .................................'...........................

Combined uninvolved worker radiological doses and resulting impacts associated
with the Shut Down and Deactivate Altematlve ..............................................................

Combined uninvolved worker population doses and resulting impacts associated
wtti the Shut Down and Deactivate Altematlve ..............................................................

Combined nonradiological hazard indexes and cancer risks associated with the
Shut Down and Deactivate Alternative for tie involved worker (current use) ... . .........

Combined nonradiological hazard indexes and cancer risks associated with the
Shut Down and Deactivate Alternative for the involved worker (future use) .

Combined nOnradiological hazard indexes and cancer risk associated witi the
Shut Down and Deactivate Alternative for uninvolved workers .... ... ........ ... .

Assumed human healtb exposure parameters .................................................................

C-63

C-64

C-65

c-66

C-67

c-68

C-69

C-70

C-vi

I
1
I
I
I
I
:
I
I
1
1
K
t
I
s
I
I
I
1



TableC-l. L-Lake -Radiological doses associated withtlle No-Actio)I Alternative andresulting health effects totheoffsite maximally exposed
individual (current use) and the general public, a

Maximallyexposed individual Offsite population
Annual Probability Lifetime Probability Annual Number Lifetime Number

dose of fatal dosee of fatal dose of fatal doscc of fatal
Exposure pathway (rem) cancerd (rem) cancerd (person-rem) cancersd (person-rem) cancersd

Ingestion:

Soil 5.7.10-1 I 2.8x10-14 9,9.10-10 5.0.10-13 5.2xI0-7 2.6x10-10 9.OXIO-6 4.5.10-9

Soil dermal 1.1.10-11 5,6xI0-15 2.O.1O-10 9.8xI0-14 1,0.10-7 5. IXIO-11 1.8.10-6 8.9x10-10

Leafyvegetables 9.8.10-9 4.9xI0-I’2 1.7.10-7 8.6,10-11 8.9.10-5 4.5x1o-8 1,6xIO-3 7.8x I0-7

Othervegetables 7.7xlo-~ 3.8xI0-11 1.3xI0-6 6.7x10-lo 7.0.10-4 3.5.10-7 1,2.10-2 6. IXIO-6

Meat 4.8.10-9 2.4x10-12 8.3xI08 4.2xI0-11 4.3.10-5 2.2xI0-8 7,6.10-4 3.8x I0-7

Milk 1,7xIO-8 8.7xI0-12 3,1XI0-7 I.s.lo-lo 1.6x10-4 8.0.10-8 2.8x I0-3 L4x I0-6

Subtotal 1.1.10-7 5.5,10-11 1.9xI0-6 9.5.10-10 9.9.10-4 5.0.10-7 l,7xi0-2 8,7xI0-6

Inhalation:

Air 4.OXIO-8 2.OXIO-11 7.0XI07 3.5.10-10 3.6.10-4 1.8.10-7 6.3x 1O-3 3.2x I0-6

Resuspension 2.7x I0-11 1.4.10-14 4.8x1O-10 2.4.10-13 2,5.10-7 1.2.10-10 4.3x I0-6 2:2x10-9

Subtotal 4.OXIO-8 2.OXIO-11 7.OXIO-7 3.5.10-10 3.6.10-4 1.8xI0-7 6.3x I0-3 3,2x I0-6

Total 1.5.10-7 7,5.10-11 2.6x10-fI 1.3.10-9 I.4X1O-3 6.8.10-7 2.4x I0-2 I ,2X10-5

a, Forthe No-ActionAlternative,generalpublic dosesresultonly from thevolatiliation oftritium from L-Lake,
b. Theoffsite lnaximallyexposed individualisamember of thepublic residingatthe SRSboundary.
c. Offsitepopulationwithin 80kilometers (50miles)of SRS.
d. Basedonarisk of 0,00051atentfatal cancersperperson-remofradiation exposure@CRPl993).
e, Basedona70-year exposureperiod, Dosesarecorrected forradioactivedecayoverthe exposureperiod.



Table C-2. L-Lake - Radiological doses associated with the No-Action Alternative and resulting health effects to the maximally exposed

individual (future use),a

Annual dose (rem)b Probability of Lifetime dose (rem)d Probability of

Exposure Pathway Recreational Offsite Total fatal cancerc Recreational Offsite Total fatal carrcerc

Ingestion:

Finfishe 3.8.10-4 NAf 3.8.10-4 1.9,107 1.3x I0-2 NA 1.3xl&2 6.5x1 o-6

Leafy vegetables NA 9.8x I0-9 9.8.10-9 4.9x1O-I2 NA 9.9.10-10 9.9.)0-10 5,0.10-13

Other vegetables NA 7,7x I0-8 7.7x I0-8 3.8x10-11 NA 1,3.10-6 1.3x I0-6 6.7x10-lo

Meat NA 4,8x I0-9 4.8.10-9 2,4x I0-12 f4A 8.3.10-8 8.3x I0-8 4.2x 1O-II

Milk NA 1.7x I0-8 1,7x IO-8 8.7x10-f2 NA 3.1,10-7 3. IXIO-7 1.5.10-10

Soil L2xlo-tl 5.7.10-11 6.9x I0-I I 3.4.10-14 2,1.10-10 9.9,10-10 1.2.10-9 6,0x t0-t3

Soil dermal 1,7,10-9 1,1.10-11 1,7.10-9 8,6xl&13 3.OXIO-8 2,0.10-10 3,0.10-7 l.s.lo-lf

Subtotal 3.8x I0-4 1.I.10-7 3,8x I0-4 1.9XI0-7 1.3.10-2 1.7x I0-6 1.3x I0-2 6.5,10-6

Inhalation:

Air 2.9x I0-9 4.OXIO-8 4.3x I0-8 2,1.10-11 5. Ix IO-8 7.0,10-7 7.5.10-7 3.7.10-10

Resuspension 3.9x I0-12 2.7x I0-11 3. I.1O-II I,6x I0-14 6.8,10-11 4.8x1010 5.4. IO1O 2.7x I0-13

Subtotal 2.9x I0-9 4.OXIO-8 4,3x I0-8 2.1.10-11 5.1x Io-8 7.0.10-7 7.5.10-7 3.7 XI0-10

Total 3.8x I0-4 I,5XI0-7 3,8x1 O-4 1.9.l&7 1.3x I0-2 2.6x I0-6 1.3x I0-2 6.5x I0-6

a. The future land use scenario assumes recreational use of L-Lake, Doses to the maximally exposed individual result from exposure pathways related to
tritium volatilization and contaminants existing in the surface water.

b. The dose received by the maximally exposed individual living at the site boundary (same as for current use).
c. Based on a risk of 0,0005 latent fatal cancers per person-rem of radiation exposure @CRP 1993).
d. Base4 fi~ a 70-year exposure period, Doses are corrected for radioactive decay over the exposure period.
e, The fish ingestion dose was calculated using the measured concentration of cesium- 137 in L-Lake fish: 0.833 pCi/g of edible flesh (Arnett, Mamatey, and

Spitzer 1996).
f. NA = not applicable; tbe contaminant is not transferred tbrougb the listed exposure pathway.



Table C-3. L-Lake - Nonradiological kazard indexes and cancer risks associated witk tke No-Action Alternative for tke offsite maximally

exposed ind i,vidual (future use),a

Hazard quotient Cancer risk
Exposure pathway Barium Magnesium Manganese Vanadium Hazard indexb Beryllium Total annual IJifeti]nec

Ingestion:

Finfish I,lxl&2 4.3.10-4 5.OXIO-2 1.8.10-4 6.2x I0-2 l,6x10-7 1,6.10-7 1.I.10-5

Swimming 7.5.10-6 1.IXIO-6 1,7,10-5 2.4x !0-6 2.8x I0-5 1.1.10-9 1.1.10-9 7.7x I0-8

Swimming dermal I,5X1O-5 4.4.10-7 3.3.10-5 4.7.10-5 9.5.10-5 4.4x 1o-8 4.4x1 o-8 3. IXIO-6

Shoreline dermal 3.5,10-5 I, Ix106 7.8x I0-5 1.1.10-4 2.2x I0-4 1.o.l&7 1,0.10-7 7.ox!o-6

Shoreline 4. IXIO-6 6.2.10-7 9.2x I0-6 1.3x I0-6 1.5.105 6,2x10-lo 6.2x10-lo 4,3x I0-8

Total 1.1.10-2 4.3.10-4 5.OXIO-2 3.4.10-4 6.2x I0-2 3.1.10-7 3.1.10-7 2.1.105

a. The future land use scenario assumes recreational use of L-Lake. Impacts to the maximally exposed individual result from exposure pathways associated
with contaminants existing in the surface water. The maximally exposed individual (current use) is not exposed to any nonradiological contaminants,

b, Hazard index is the sum of hazard quotients added across exposure pathways or pollutants.
c, Based on a 70-year exposure period.



Table C-4. L-Lake - Involved worker (current use) radiological doses associated with the No-Action Alternative and resulting health effects,a

Individual worker Worker population
Annual dose Probability of Lifetime dose Probability of Annual dose Number of Lifetime dose Number of

Exposure pathway (rem) fatal cancerc (rem)d fatal cancerc (person-rem) fatal cancers. (Pe,~on.rcm)d fatal cancer~c

Ingestion:

Soil I,4XI0-10 5.6.10-14 6. Ix1O-10 2,4x I0-13 9.8x I0-9 3.9x I0-12 4.3x I0-8 1.7.10-[[

Soil dermal 1,2,10-1[ 4.6x I0-IS 5.0.10-11 2.0.10-!4 8.Ix IO-10 3.2x I0-13 3.5.10-9 1,4.10-12

Subtotal 1.5.10-10 6. Ix IO-14 6.6.10-10 2.6x I0-13 1.IXIO-8 4.2x I0-12 4,6x I0-8 1.8x I0-11

Inhalation:

Air 5.OXIO-8 2.OX1O-II 2,2.10-7 8.6.10-11 3.5x I0-6 1.4XI0-9 1.5XI0-5 6,0x I0-9

Resuspension 6.8,10-11 2.7x I0-14 2.9.10-10 1.2X10-13 4.7.10-9 1.9x10-i2 2.1x Io-8 8,2x I0-12

Subtotal 5.0x I&8 2,0.10-1[ 2,2.10-7 8,6.10-11 3.5x I0-6 I,4XI0-9 1.5.10-5 6.1.10-9

Total 5.OXIO-8 2.0.10-11 2.2.10-7 8.7x 10-11 3.5x I0-6 1.4,10-9 1s,10-5 6.1.10-9

a. For the No-Action Alternative, workers are exposed to pathways associated with tritium volatilization and contaminants in tbe surface water.
b. Tbe number of involved workers is estimated to be 70.
c. Based on a risk of 0.0004 latent fatal cancers per person-rem of radiation exposure (NCRP 1993).
d. Based on a 5-year exposure period, Doses are corrected for radioactive decay over tbe exposure period.



Table C-5. L-Lake - Involved worker (future use) radiological doses associated with the No-Action Alternative and resultitlg IIealtb effects.a

Individualworker Workerpopulation
Annual Probabilityof Lifetime Probabilityof Annualdose Numberof Lifetimedose Numberof

Exposure pathway dose (rem) fatal cancerc dose (rem)d fatal cancerc (person-rem) fatal ca”cersc (Person.rem)d fatal canccrsc

Ingestiotl:

Soil .3.1.10-9 1.2.10-12 4,2x I0-8 1,7.10-11 2,2.10-7 8.7x10-11 2.9x I0-6 1.2.10-9

Soil der[nal 1.9X1O-10 7.7.10-14 2.6.10-9 1.0.10-12 I.3x1o-8 5,4x I0-12 1.8x I0-7

Subtotal

7.2x 10-11

3.3.10-9 1.3x I0-12 4.4x I0-8 I,8x I0-11 2.3x I0-7 9.2x 10-1I 3.lxl@6 L2x1o-9

Inhalation:

Air 1. IX IO-6 4.4.1010 1.5.10-5 5.9XI0-9 7,7,.10-5 3. IXIO-8 1.0.10-3 4,1,10-7

Resuspension I,5XI0-9 5,9.10-13 2.OXIO-8 8.OXIO-12 I,OXIO-7 4.2x 10-11 1.4x I0-6 5.6x10-lo

Subtotal 1.IXIO-6 4.4.10-10 1.5.10-5 5.9.10-9 7.7.10-5 3. IXIO-8 1.O.10-3 4.1.10-7

Total I, IX IO-6 4.4.10-10 1.5.10-5 5.9.10-9 7.7.10-5 3. IXIO-8 1.0.10-3 4.1.10-7

a. For the No-Action Alternative, workers are exposed to pathways associated with tritium volatilization and contaminat)ts in the surface water.
b, The number of involved workers is esti]nated to be 70,
c. Based on a risk of 0.0004 latent fatal cancers per person-rem of radiation exposure (NCRP 1993),
d. Based on a 25-year exposure period. Doses are corrected for radioactive decay over tbe exposure period,



Table C-6. L-Lake - Uninvolved worker radiological doses associated with the No-Action Alternative and resulting health effects.a

Individual workerb Worker popuiationc
Annual dose Probability of Lifetime dose Probability of Annual dose Number of Lifetime dose Number of

Exposure pathway (rem) fata] cancerd (rem)e fatal cancerd (person-rem) fatal cancersd (person-rem)e fatal cancersd

Ingestion:

Soil 5,5xlo-11 2.2x1~14 7.4 XIOI0 3.OXIO-13 I.4x1o-8 5.5x I0-12 1.9 XI0-7 7.4 XI0-11

Soil dermal 3.5x I0-12 1.4XI0-15 4.7 XI0-11 1.9 XI0-14 S.sxlo-lo 3.5 XI0-13 I,2x I0-8 4.7x 1O-I2

Subtotal 5.8x I0-11 2,3x I0-14 7.9 XI0-10 3,1 XI0-13 I.5x1o-8 5.9x I0-12 2,0x I0-7 7.9 XI0-11

Inhalation:

Air 2. OXIO-8 7,8x Iw12 2.6x 10-7 I.oxlo-lo 4.9x I0-6 2. OXIO-9 6,6 XI0-5 2.6x I0-8

Resuspension 2.7x I0-11 1.lxl&14 3.6x10-lo I,5XI0-13 6.8x I0-9 2.7x1O-I2 9,1x I0-8 3.6x I0-11

Subtotal 2.OXIo-8 7.8x I0-12 2.6x1 O-7 I.oxlo-lo 4.9x I0-6 2,0x I0-9 6.6 XI0-5 2.6x 1O-8

Total 2,0x I0-8 7,8x I0-12 2.6x I0-7 I.lxlo-lo 4.9x 1o-6 2.OXIO-9 6.6 X1O-5 2.6x I0-8

a. For the No-Action Alternative, the uninvolved worker is exposed only to pathways associated with the volatilization of tritium from L-Lake,
b, The maximally exposed uninvolved worker is located at L-Area,
c. L-Area, Total uninvolved workers estimated to be 25 I (Simpkins 1996).
d. Based on a risk of 0.0004 latent fatal cancers per person-rem of radiation exposure @CRP 1993).
e. Based on a 25-year exposure period, Doses are corrected for radioactive decay over the exposure period.

-----R ------ m---m- -



Table C-7. L-Lake - Involved worker (current use) oonradiological hazard iodexes and cancer risks associated with the No-Action Alternativc,a

Hanrd quotient Cancer risk
Exposure pathway Barium Magnesium Manganese Vanadium Hazard indexb Beryllium Total annual Lifetimec

Ingestion:

Shoreline dermal 2,3x I0-7 7.0.10-9 5.3.10-7 7,4,10-7 1,5.10-6 7.0.10-7 7.0.10-10 3.5.10-9

Shoreline 5.6x10-5 8.5x I0-6 1,3.10-4 I,8x10-5 2,1.10-4 8.4x I0-9 8.4x I0-9 4.2x I0-8

Total 5.6x10-5 8.5x I0-6 I.3X1O-4 1.9X10-5 2,1.10-4 9.1.10-9 9.1.10-9 4.5x I0-8

a. For the No-Action Alternative, workers are exposed to pathways associated with tritium volatilization and contaminants in the surface water,
b. Hazard index is the sum of hazard quotients added across exposure pathways or pollutants,
c. Based on a 5-vear exuosure ueriod,



Table C-8. L-Lake - Ilwolved worker (futllre use) nooradiological hazard indexes and cancer risks associated with tbe No-Action Alternative.a

Hazardquotient Cancerrisk
Exposure pathway Barium Magnesium Manganese Vanadium Hazard indexh Beryllium Total annual Lifetimec

Ingestion:

Shoreline dermal 3.8x I0-6 1.2x I0-7 8.9x I0-6 1.2.10-5 2.5x I0-5 1.2x I0-8 1.2.10-8 2.9x I0-7

Shoreline 6.1x IO-~ 9.3.10-7 1.4.10-5 2.0.10-6 2.3x I0-5 9,2x10-lo 9.2x10-lo 2.3x I0-8

Total 9.9x I0-6 1.OXIO-6 2.3x I0-5 1.4.10-5 4.8.10-5 1.3x I0-8 I,3x I0-8 3.1.10-7

a. For the No-Action Alternative, workers are exposed to pathways associated with tritium volatilization and contaminants in the surface water.
b Ifazard index is the sum of hazard quotients added across exposure pathways or pollutants, :
c, Based ona25-year cxposureperiod,



Table C-9. L-Lake -Radiological doses from atmospheric releases associated with tl}e Shut Downand Deactivate Alternative ar]drcsu1tii]g

health effects to the offsite maximallv exuosed individual,a

Lifetime
Annual dose (rem)b Probability of dose Probability of

Exposure Pathway CS-137 CO-60 Pu-239/240 Pm-146 U-2331234 Total fatal c.ancerc (rem)d fakd cancerc

Ingestion:

Soil 4.6x10-t2 9.2x10-i5 1.4xl&12 5.4,10-17 I.4x1o-I2 7S.10-12 3.7. IV15 3.6x10-lo 1.8x10-13

Soil dermal 9.2x10-13 4,9. !0-15 2.8x10-lo 1.8x10-15 5.9.10-11 3.4.10-10 1,7.1013 2.4x I0-8 1.2.10-11

Leafy green vegetables 2.8x I0-8 5.5.10-11 8.3x I0-9 3.2x I0-13 8.7.10-9 4,5x I0-8 2.2.10-11 2.2.10-6 1,1.10-9

Other vegetables 2,6x I0-8 5.2.10-11 7.4.l@9 2.9x I0-13 7.9xl@9 4.2x I0-8 2,1:,10.11 2.0.10-6 1.0.10-9

Meat L2xl@8 2,3x10-11 8.6x10-14 3.3,10-14 3s.10-11 1,2.10-8 5.8.1012 4.1.10-7 2,0 XI0-10

Milk 1,3.10-7 7.3,10-11 5.6x10-13 4.2x I0-J5 3.3.10-9 1.3.10-7 6.7x1W11 4,8x I0-6 2.4x10-9

Subtotal 2.OXIO-7 2.0.10-10 1.6x IO-8 3.3.10-13 2.0.10-8 2.3x I0-7 1.2.1010 9.4x I0-6 4.7.10-9

Inhalation:

Air 3.4.10-10 8.4x I0-12 1.9x I0-8 2.4x I0-13 7.7.10-8 9.7x I0-8 4.8.10-11 6.7x I0-6 3.4,10-9

Resuspension 2.9x I0-12 7.4.10-14 I,7X1O-10 2.1.10-15 6.7x10-lo 8.4x10-to 4.2x I0-13 5.9x I0-8 2.9x I0-11

Subtotal 3.4.10-10 8.4x10-12 1.9x I0-8 2.4.10-13 7.8.10-8 9.7x 1o-8 4.9.1O-II 6.8.10-6 3.4.10-9

External:

Soil 7.4x I08 1.3.10-9 2.3.10-13 1,7.10-11 8.5.10-12 7.5.10-8 3.8x1OII 2.7x I0-6 1.3.10-9

Air 4.2xl@12 7.7.10-14 2,9x I0-18 9.5x I0-16 3.0x Io-16 4,3x1o-I2 2.2.10-15 1.5.10-10 7.6x10-13

Subtotal 7.4x108 1.3.10-9 2.3x I0-13 1.7.10-11 8.SXIO-12 7.5x I0-8 3.8xl@ll 2.7x I0-6 1.3.10-9

Total 2.7x10-7 1.5.10-9 3.5.10-8 1.8x I0-11 9.7.10-8 4,0,10-7 2,0xltilo 1.9.10-5 9.4,10-9

a. Forthe Shut Down and Deactivate Alternative, thegeneral public exposures result from theatmospheric andaqueous transpoti ofexposed L-Lake
sediments.

b. Theoffsite maximally exposed individual isamember of thepubIic residing atthe SRSboundary.
c. Based onarisk of O,00051atent fatal cancers perperson-retn ofradiation exposure @CRPl993).
d. Based ona70-year exposure period. Doses arecorrected forradioactive decay overthe exposure period.



Table C-10. L-Lake Radiological doses from aqueous releases associated with the Shut Down aod Deactivate Alternative and resulting health

effects to the offsite Inaximally exposed individual.a

Lifetime
Annual dose (rem)b Probability of dose Probability of

Exposure Pathway CS-137 CO-60 Pu-239/240 Pm-146 U-2331234 Total fatal cancerc (rem)d fatal cancerc

Ingestion:

Drinking Water 3.0.10-10 2.5x I0-12 7.7.10-10 4. Ix Io-12 I .4X 10-9 2,5x I0-9 1.2 X1O-I2 1.6x I0-7

Finfish

8. I.1O-II

7.6x I0-9 1.0.10-11 2.4x I0-9 1.3x I0-12 8.6x10-lo 1.1x I&8 5.4x10-12 4.9.10-7

Swimming

2.5x10-to

5.0.10-13 4.2x10-15 1.3x I0-12 6.8,10-15 2.3x I0-12 4,1x I0-!2 2.1x Io-15 2.7x10-lo 1.3.10-13

Swimming Dermal 1.oxlo-t3 9. Ix Io-16 2.6x10-lo 2.3x1o-I3 9.7x I0-12 2,7x10-lo 1.4.10-13 1,9.10-8 9.4.10-12

Shoreline Dermal 6.6.10-16 1.5.10-17 1.7.10-12 1.5.10-15 6.9x I0-14 1.8x I0-12 8,9x10-1~ 1,2.10-10 6.2.10-14

Shoreline I,3XI0-!4 1.Ix Io-16 3.4,10-14 L7x I0-16 6.OXIO-t4 1.1.10-13 5,4,10-17 7.0.10-12 3.5.10-15

Subtotal 7.9.10-9 1.3.10-11 3.4,10-9 5.7.1012 2.3.10-9 1.4x I0-8 6.8x I0-12 6.7.10-7 3.4.10-10

External:

Swimming 6,9x 1o-I4 5.6x 10-15 4.6x1o-I9 1,9.10-14 3.8x I0-17 9.4.10-14 4.7.10-17 2.6x 1o-I2 1,3.10-15

Boating 3.5 XI0-14 2.8x I0-15 2.3x I0-19 9.5.10-15 1,9.10-17 4.7.10-14 2,4x I0-17 I.3x1o-I2 6.6.10-16

Shoreline 1.8x I0-12 I,2x I0-13 4.6x10-17 4.4.10-13 1.9.10-15 2.4x1O-I2 1.2x I0-15 6,7x I0-11 3.4.10-14

Subtotal 1.9x I0-12 1.3.10-13 4.6x10-17 4.7.10-13 2,0.10-15 2.5x I0-12 I.3X1O-I5 7. I.10-11 3.5 XI0-14

Total 7,9 XI0-9 1.3.10-11 3.4,10-9 6,1x10-t2 2.3x I0-9 I,4x I0-8 6.8x I0-12 6.7x I0-7 3.4.lo-to

a. For the Shut Down and Deactivate Alternative, tbe general public exposures result from the atmospheric and aqueous trarrspoti of exposed L-Lake
sediments.

b. For aqueous releases, the offsite maximall y exposed individual is a member of tbe public residing along the Savannah River near the SRS boundary wbo
uses the river as a drinking water source and for recreational activities and consumes fish caught in the river.

c. Based on a risk of 0,0005 latent fatal cancers per person-rem of radiation exposure (NCRP 1993),
d. Based on a 70-year exposure period. Doses are corrected for radioactive decay over the exposure.
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Table C-1 1. L-Lake - Radiological doses from atmospheric releases associated with the Shut Down and Deactivate Alternative and resulting

health effects to the offsite copulation.a

Lifetime
population

Population annual dose (person-rem)b Number of dose Number of
Exposure Pathway CS-137 CO-60 Pu-239/240 Pm-146 U-233/234 Total fatal cancersc (Person-rem)d fatal cancersc

Ingestion:

Soil 5.2x I0-9 8.6x IOJ2 I,2X10-9 2.4.10-14 I.2x1o-9 7,6x1 O-9 3.8.10-12 3.5 XI0-7 1.8x10-lo

Soil de.~j! I .0,10-9 4.5xl&12 2.4x I0-7 8.lxl&ll 5. IXIO-8 2.9x I0-7 1.4.10-10 2.OXIO-5 1.OXIO-8

Leafy green vegetables 3.2x l&5 5.2x I0-8 7.OXIO-6 1,4.lvfo 7.4x I0-6 4.6x I0-5 2,3.10-8 2.1.10-3 1.1.10-6

Other vegetables 3.0.10-5 4,9x I0-8 6,3x I0-6 1.3.10-10 6.7x I0-6 “4,3,10-5 2.2.10-8 2.0.10-3 9.8x I0-7

Meat 1.3,10-5 2.2x 1O-8 7.3.10-11 I.5.1O-II 2,9x I0-8 1.3.10-5 6.6x 10-9 4.6x !0-4 2.3x I0-7

Milk 1.5.10-4 6.8.10-8 4.8xl Vlo I.9x1o-I2 2.8.10-6 1,5.10-4 7.6.10-8 5.3.10-3 2.7.10-6

Subtotal 2.2.10-4 1.9,10-7 1.4,10-5 2.9x10-lo 1.7.10-5 2.5x I0-4 1.3,10-7 9.9.10-3 4.9x I0-6

Inhalation:

Air 3.8x I0-7 7.8x 10-9 I,6x10-5 1,1.10-10 6.5x 1O-5 8.2x 10-5 4,1x I0-8 5.7. !0-3 2,9x I0-6

Resuspension 3.3.10-9 6.9x 10-1I 1.4.10-7 9.5.10-13 5.7.lb7 7.1.10-7 3.6xl@lo 5.OXIO-5 2.5.10-8

Subtotal 3,8x I0-7 1,5.10-8 1.6x10-5 1.1.10-10 6.5x I0-5 8.2x10-5 4. IXIO-8 5.8x I0-3 2.9x I0-6

External:

Soil 8.4x I0-5 1.2.10-6 l,9xlfr-lo 7.5.10-9 7.2x I0-9 8,5x I0-5 4,3.10-8 3.0.10-3 1.5x I0-6

Air 4.8x I0-9 7.2xltill 2.5xl&15 4.2x I0-13 2.6x I0-13 4.9,10-9 2.4xl&12 1.7.10-7 8.6.10-11

Subtotal 8.4x I0-5 I,2x I0-6 1.9.10-10 7.5.l@9 7.2.10-9 8.5x 10-5 4,3x I0-8 3.0.10-3 1.5x I0-6

Total 3.0.10-4 I,4x I0-6 3.0.10-5 7.9 XI0-9 8.2xl@5 4.2x I0-4 2.1x Io-7 1.9.10-2 9.3x I0-6

a. For the Shut Down and Deactivate Alternative, tbe general public exposures result from the atmospheric and aqueous transport of exposed L-Lake
sediments.

b. Offsite population within 80 kilometers (50 miles) of SRS.
c. Based on a risk of 0.0005 latent fatal cancers per person-rem of radiation exposure (NCRP 1993).
d. Based on a 70-year exposure period. Doses are corrected for radioactive decay over the exposure period,



Table C-12. ,-Lake - Radiological doses from aqueous releases associated with the Shut DOWI)and Deactivate Alternative and resulting health

effects to the offsite uouulatiojl.a

Total
Port Wentworth BeauforWJasper Total population population

Annual dose Lifetime dosel> Annual dose Lifetime doseb annual dose Number of lifetime doseb Number of
Exposure pathway (person-rem) (person-rem) (person-rem) (person-rem) (person-rem) fatal cancersc (person-rem) fatal cancersc

Drinking Water:

CS-137 1,5.10-6 5,0.l@5 4.0.10-6 1.4.10-4 5.5x1o-6 2.7x I0-9 1.9.10-4 9,5.10-8

CO-60 2.8xI0-9 2,1x I&8 7.3.10-9 5.6xI0-8 1.0.10-8 5.0.10-12 7,7x lo-~ 3.8.1O-II

Pu-239/240 3.0.10-6 2.1x1o-4 7.8xl&6 5.5.10-4 1.1.10-5 5.4.10-9 7.6x I0-4 3.8.10-7

Pm-146 4.2x I09 3.4xI0-8 I,2x I08 9.5xI0-8 1.6XI0-8 8.1xIO-12 1.3X1O-7 6.4x 10-~1

U-2331234 5.IXIO-6 3.6x1O-4 1,4.10-5 9,8.10-4 1.9.10-5 9.5.10-9 I,3X1O-3 6.7.10-7

Total 9,5x I0-6 6.2x I0-4 2.6x10-5 1,7.10-3 3.5,10-5 1.8XI0-8 2.3x I0-3 1.IXIO-6

a. For aqueous releases, doses are calculated for tbe 65,000 (Arnett, Mamatey, and Spitzer 1996) people using the Savannah River as a source of drinking
water (Port Wentworth. Georgia and Beaufort and .krsuer Counties. South Carolina).

b. Based on a 70-year exposure ~eriod. Doses are corre~ted for radioactive decay over the exposure period.
c. Based on a risk of 0,0005 latent fatal cancers per person-rem of radiation exposure (NCRP 1993),
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Table C-13. L-Lake - Offsite n3aximally exposed individual aonradiological hazard iadexes and cancer risks from attnospheric releases

associated with the Shut Down and Deactivate Alternative.a

Hazard quotient hazard Annual cancer risk Lifctirnc

Exposure Pathway Manganese ‘~hallil!!n Antitno,ly Cadmium Lead i“dcxb Cadmi~]m Bcrylliu!n Arsenic ‘Iotal cancer riskc

ingestion:

Soil 3.3.10-12 2.8x10-7 2.0.10-8 2.2.109 1.2.10-8 3,1 XI0-7 NAd I,6x10-13 4.7.10-13 6.3.10-13 4.4.10-1[

Soil der]nal 6.4x I0-!2 5,4xI0-8 3.9xl@7 a.6.lo-8 2.2xI0-7 7.s.10-7 NA 6.2x I0-12 1.9.10-13 6.4x I0-12 4.5.10-10

Leafy green vegefablcs 2.OXIo-8 1.7.10-3 1.2.10-4 1.4.10-5 6.7.105 1.9.10-3 NA 9.5.10-10 2.8x 10-9 3.8.10-9

Other vegetables

2.6x 10-7

2,1.10-8 1.5,10-3 1.0.104 1.4.10-5 5.9.10-5 1.7.10-3 NA 8.3x10-lo 2.5x I0-9 3.3.10-9 2.3.10-7

Meat 1.7.10-JO 1.4.10-3 2.5x1 o-6 1.6x10-7 1.4xi@6 1.4.10-3 NA 1.6x10 -11 l.l~lo-lo 1.3 XI0-JO 9. I.10-9

Milk 4.7.109 2.2.10-3 7.8x I0-6 9.3x I0-6 4,5.10-6 2.2.103 NA 1.3.10-12 1.1.10-10 1.2 XI0-10 x 1.10-9.

Subtotal 4.7x Iv8 6.5x I0-3 2,3.10-4 3.7.10-5 1.3.10-4 6.9x I0-3 0.0.100 1.8x10-9 5.6.10-9 7.4.10-9 5.2.10-7

Air 1.8.10-8 3,1.10-5 2.2.10-6 NA 1.3.10-6 3.5 XI0-5 7.3.10-12 3.5,1011 4.6x10-lo 5.0.10-10 3.5.10-8

Resuspcasinn 1.6x10-lo 2,7.107 1.9.108 NA I, IXIT8 3.0.10-7 6.5.10-14 3.1.1013 4.0x Io-12 4.3. [0-12 3.0.10-10

Subtotal 1.8.10-8 3.2.10-5 2.3x I0-6 0.0,100 1,3.106 3.5.10-5 7.3x10-12 3.5,10-11 4.6x10-10 5.0.10-10 3.5x I@8

rotal 6.5.10-8 6.5x10-3 2.4.104 3.7.10-5 1,4.10-4 6.9x I0-3 7.3x I0-12 L8x10-9 6.OX 10-9 7.9.10-9 5.5.10-7

a. Impacts to [he maximally exposed individual result from exposure pathways associated wifh contaminants in the exposed L-Lakesediments,

b. hazard index is the sum of hazard quotients added across exposure pathways or pollutants.

c. Based on a 70-year exposure period.

d. NA = not applicable; the contalninant is not transferred through the Iistcd expos”rc pathway.



Table C-14. L-Lake - Offsite nraximal 1y exposed individual nonradiological hazard indexes and cancer risks from aqueous releases associated

with tl]e Sl]ut Down and Deactivate Alternative,a

Ilazard quolicnt Hazard
l<xposureI>alhway

Annual cancer risk I.ifetimc
Manganese Thallium Antimony Cadmium Lead indexb Beryllium Cadmium Arsenic cancer risk.

lngestio!l:

Drinking Water 1.9.10-9 1.6x I0-3 4.2,10-6 1.3.10-7 1s.10-6 1.6x I0-3 6.7x10-i2 NAd 4.2.10-11 4.9.10-1 I

Finfish

3.4.10-9

9.3.10-9 2.1.10-1 1.0.10-5 3.3.10-7 1.8,10-6 2,1.10-[ 1.6x I0-12 NA 5.2.10-11 5,4.10-11 3.8x I0-9

Stvimlning 3.1.10-12 2.7x I06 6.9.109 2.2.10-(0 2.4x I0-9 2.7.10-6

Swirnrning Demail

l.lx Io-14 NA 6.9x Io14 8.0x Io-14 5.6x 10-i2

6.2.10-)2 5.4. [0-7 [.4.10-7 8.7x 10-lo 9.7x I0-12 6.8.107 4.4.10-13 NA 2,7x I0-14 4.7.10-13 3.3.10-11

Shoreline Dcrrnal 4.1.10-14 3.6x I0-9 9.2x10-lo 5.8x10 -11 1.6.10-!1 4.6.10-9 3.0.10-15 NA 1.8 XI0-16 3.2x I0-15 2.2.10-13

Shoreline 8.2x I0-14 7.3.10-8 [.8.10-10 5.8x I0-12 6.5x I0-11 7,3x I08 3.0.1016 NA 1.8.10-15 2.1,10-15 1.5.10 -[3

Total LIXIO-8 2.1.10-1 1,4,10-5 4.6x I0-7 3.3.106 2.1.10-1 8,8x I0-12 0,0. I 00 9.4.10-11 1.0.10-10 7.2x I0-9

a. Inlpacts 10 the tnaximally exposed itldividual result from expostlre pathways associated with contaminants in the exposed L-lake sediments.

b. Ilazard index is the sum of hazard quolients eddcd across exposure palhtvays or pollutants.

c. Based on a 70-ycnr expost]re period.

d. NA = not npplicabl% cadtnium is not an ingestion carcinogen,



Table C-15. L-Lake - ]nvolved worker (current use) radiological doses associated with the Shut Down and Deactivate Alternative and restllting

healtl~ effects,a

Annual dose (rem) Probability I,ifetimc Probability Population Number Population Number

Pu-2391 U-2331 of fatal dose of fatal annual dose of fatal lifetime dose of fatal
Exposure Pathway CS-137 CO-60 240 Pm-146 234 Total cancerb (rem)c cancerb (person-rcrn)d cancersb (person-rem)c,d cancersb

lngestiofl:

Soil 1.6.10-7 1.4.10-9 5.9 Y.I&8 1.3x I0-11 L3x1o-7 3.5.10-7 1.4.10-10 1.7.10-6 6,8x I0-lo 2.5.10-5 9.8.10-9 L2X10-4 4.8x l&8

Soil Dcrmal L4x1o-8 3.tx Io-lo 4.9.10-6 1.9x10-lo 2.5.107 5.2.10-6 2.1.10-9 2.6x10-5 1.0.10-8 3,6x10~ 1.5.l&7 1.8.10-3 7.3.10-7

Subtotal 1.7x I0-7 L7x10-9 5.0.10-6 2,0x10-lo 3.8x1 o-7 5.6.106 Z.ZXIO-9 2.8.10-5 I, IX IO-8 3.9.104 L6x!0-2 1.9.10-3 7.8.10-7

Inhalation:

Resuspcnsiol] 2.1.10-9 2.2x10-lo 1.4x I0-7 l.lx Io-11 1,2.10-6 1.3.106 5.4x10-lo 6.7x1 o-6 2.7x10-~ 9.4.10-5 3.8,10-8 4.7. !04 1.9.107

Subtotal 2. fx109 2,2x Io-10 1.4x I0-7 1.1.10-11 1.2.10-6 L3x1o-6 5,4x10-lo 6,7x10-6 2.7x I0-9 9.4.lm5 3.8.108 4.7.10-4 1.9.10-7

Ex(erolal:

Soil 2.2.10-4 1.5.105 7.9x10-lo 3.5x10-7 4.1.10-8 2,4x I0-4 9.4x I08 LI.1O-3 4.4,10-7 L6x10-2 6.6.10-6 7.7x I0-2 3.1.10-5

Subtotal 2,2x I0-4 1.5.10-5 7.9x10-lo 3.5x I07 4.1.10-8 2,4.10-4 9.4.108 LI.1O-3 4.4.10-7 1.6x102 6.6.l@6 7.7.10-2 3.1.10-5

Total 2,2x I0-4 L5x1o-5 5,1.10-6 3.5x I0-7 1.6x I0-6 2,4.10-4 9,7x Im8 1. IX IO-3 4.5.10-7 L7x1o-2 6.8XIV6 7.9,10-2 3.2.10-s

a. For the Shut Down and Deactivate Alternative, tbe itlvolved worker exposures result from direct contact with and atmospheric resuspcnsiotl of {he exposed L-Lake

sediments.

b. Based on a risk of 0.0004 latent fntal cancers per person-rem of radiation exposure (NCRP 1993).

c, Based on a 5-year exposure period. Doses arc corrected for radioactive decay over [bc exposure period.

d. The lnu]nbcr of involved workers is estimated to bc 70.



Table C-16. L-Lake - involved worker (future use) radiological doses associated with the Shut Down and Deactivate Alternative and resulting

health effects.a

Populatiorl

Population lifctitlle

Annual dose (rem) Probability Lifetime Probability annual dose Number of dose Number

Pu-239/ U-2331 of ralal dose of fatal

Exposure Palb$vay

(persOn- fata)

CS-137 CO-60

(person- of fatal

240 P!n- 146 234 Total cancerb (rem)c cancerb rctn)d cancersb rem)c>d vdllccrsb

lngestiOrl:

Soil 3.6x I0-6 3. OXIO-8 1.3.10-6 3.OXIO-lo 2.8x I0-6 7.7x I&6 3.1.10-9 1.7x I0-4 6.8.10-8 5.4.10-4 2.2x I0-7 1.2x I0-2 4.8x I0-6

Soil Dcrjnal 2.3.10-7 s.1 .10-9 8.2x [0-5 3.2x I0-9 4.2.10-6 8.7.10-5 3.5x IO-8 2.2.10-3 8.7x Iv7 6. Ix Io-3 2.4x I0-6 1.5x I0-I 6. IX IO-5

Subtotal 3.8xl@6 3.5x I0-8 8.3. !0-5 3.5x I0-9 7.0.106 9.4x I0-5 3.8x I0-8 2.3.10-3 9.3.10-7 6.6x10-3 2.6.10-6 1.6x10-I 6.5.10-5

Inhalation:

Rcs.sper,sion 4.6x 10-8 4.9x10-9 3.2x I0-6 2.3x10-10 2.6x 10-5 2.9.10-5 1.2.10-8 7.3x 10-4 2.9.10-7 2,0.10-3 8.2x I0-7 5. IX IO-2 2.0.10-5

subtotal 4.6x I0-8 4.9.10-9 3.2x IO-6 2.3x 10-1o 2.6x I0-5 2.9x 10-5 1.2x I&8 7.3x 10-4 2.9x 10-7 2.0 XI O-3 8.2.10-7 5. IX IO-2 2.0. IO-5

External;

Soil 3.8.10-2 2.8.10-3 1,4.10-7 6.2.10-5 7.2.10-6 4.1.10-2 I,6x10-5 7.4x10-I 3.0.10-4 2.9x IO0. I, Ix IO-3 5.2x101 2.1.10-2

Subtotal 3.8.10-2 2.8x10-3 1,4.10-7 6.2.10-5 7.2xI0-6 4.lxl&2 1.6x10-5 7.4x10-t 3.OXIO-4 2.9x100 1.1.10-3 5.2xIoI 2.1.10-2

Total 3.8.10-2 2,8.10-3 8.7.10-5 6.2xI0-5 4,0X10-5 4.1.10-2 1.6x10-5 7.5xI0-1 3,0.10-4 2,9x100 l, fxIO-3 5.2xIOl 2.1.10-2

a. For the Shut Downand DeactivateAltcrnalivc,tbc involved\vorkerexposuresres[]ltfromdirect contactwith and ionospheric rest]spcnsiorl of [hc exposed L-1.akc
scdimcr,ts.

b. f3ased on a risk of 0.0004 latent fatal .ancers per pcrs.n-rem of radiation exposure fNCRP 1993).

c. Based on a 25-year exposure period, Doses are corrected for radioactive decay over the exposure period.

d. “fbc nulnber of involved workers is estimated to bc 70,



Table C-17. L-Lake - Uninvolved worker (L-Area) radiological doses associated with the Shut Down and Deactivate Alternative and restilting

healtk effects.a

Popniation PODulatio]l

annt~al Ii’[clime

Annual dose (rem)b Probability Lifetime Probability dose Number of dose Numhcr of

PU-2391 of fatal dose of fatal (pcrson- fatal (persOn- fatal

Exposure Pathway CS-137 CO-60 240 Pnr- 146 U-233/234 Iolal canccrc (renr)d canccrc rctn)c canccrsc rem)d.c canccrsc.,

Ingestion:

.,

Soil 2,9xl&ll 2.4.10-13 I.OXIO-ll 2.3x10-t5 2.3xI0-11 6.3.1011 2.5x10-14 1.4x10-9 5.6xI0-13 1.6xI0-8 6.3.10-12 3.5.10-7 1.4x10-lo

Soil Dennal 1.8x10-12 4.1xIO-t4 6.6xl&10 2,5x10-14 4,2x10-lo 1.1xIO-9 4,3.10-13 2.7x10-8 LIx IO-n 2,7.10-7 l.l.l O-[O 6.8.106 2.7. [0-9

Subtotal 3.1.10-11 2.8.10-13 6.7x10-lo 2.7xl&14 4.4x10-lo 1.lxl@9 4,6x I0-13 2.8x I08 Lfx IO-n 2.9x I0-7 l.lx IO-lo 7. IxI06 2.9x10-~

lnbal ation:

Air 1.7x10-9 1.8x10-10 1.1x IO-7 8.5,10-12 1.0,10-6 1. IxI06 4.4x10-lo 2,8x10-s 1. IX IO-8 2.8.10-4 LIXIO-7 7.0.10-3 2.8x I0-6

Resuspension 1.8x1011 1.9x J0-12 L2x10-9 9.2.10-14 1.1.10-8 1.2.10-8 4.8x I0-12 3. OXIO-7 1.2.10-1o 3.0x I06 I.2x1o-9 7.5.10-5 3.0.10-8

Stlbto[al 1.7x10-9 1.8x10-lo LIXIO-7 8,6x10 -12 1.0x I06 I, IX IO-6 4.5x10-10 2,8x10-s I, IXIW8 2.8x10-4 1.1.10-7 7.OXIO-3 2.8.10-6

External:

Soil 3.1x IO-7 2.2x I0-8 1.1x IO-12 4.9x1010 9.9x10-11 3.3x I07 1.3x10-lo 6. IxI06 2,4x I0-9 8.3x I0-5 3.3x I0-8 1.5x I0-3 6,1x10-7

Air 1.4x10-11 LIx IO-12 1.2x10-17 2.2x10-14 2.5x10-t5 L5x10-11 6.0 XIO-15 2.7x10-lo LIx IO13 3.8x I0-9 L5x10-t2 6,9.10-8 2.8x10-11

Subtotal 3. IxI07 2.2.10-8 1.1.10-12 4.9x10-lo 9.9x10-11 3.3.10-7 1.3x10-lo 6.1xIO-6 2.4.10-9 8.3xI0-5 3,3xI08 1,5.10-3 6.1xIO-7

Total 3. Ix IO-7 2.2x I0-8 LIXIO-7 5.o.10-1o LO.10-6 1.5,106 5.8x10 -10 3.4x10-5 L4x I0-8 3.7x I04 1.5x I0-7 8.6x I0-3 3.4x106

a. For the Shut t)own and f3cactivate Alternative, the ullil,volved worker is exposed by the atmospheric transport of exposed L-Lake scdime”ts.

b. The nraximally exposed uninvalvcd worker is located at L-Area.
c, Ilascd on a risk of 0.0004 tatent fatal cancers per person-rem of radiation exposure @CRP 1993).

d. Based on a 25-year exposure period. Doses are corrected for radioactive decay over the exposure period.

c. I.-Area. Total uninvolved work.rs estima!ed 10 bc 25 I (Simpkins 1996).



Table C-18. L-Lake - Uninvolved worker (P-Area) radiological doses associated with the Shut Down and Deactivate Alternative and resulting

health effects.a

Population Poptdation

annual Ii fctime

Annual dose (rem) Probability Lifetime Probability dose Number

Pu-2391

dose Number of

of fatal dose
Exposere; .L,tway

of fatal (person- of fatal (person.
CS-137 CO-60 240

fatal
I>In- 146 U-2331234 Total cancerb (rem)c cancerb rem)d canccrsb rcm)c,d canccrsb

Inges[iot]:

Soil 8.5.10-12 7.1xIo-14 3.1XIO-12 7,0x10-1~ 7.0xIo-12 1.9.10-11 7.5x10-15 4,1x10-lo 1.7xIO13 2.0XIO-9 7,9x I0-[3 4.4.10-8 1.7xI0-11
Soil Dermxl 5.3.10-13 1.2.10-14 2.0x IOlo 7.5x I0-15 1.3.10-1o 3.3x1010 1.3x10-i3 8,1x10-9 3.3.10-12 3.4.10-8 1.4x I0-11 8.5.10-7 3.4x I0-lo

Subtotal 9.0.10-12 8.3.10-14 Z. OXIO-l O 8.2x10 -15 1,3.10-(0 3.4x10-10 1.4x I0-13 8.5.10-9 3.4.10-12 3.6.10-8 1.4.10-11 9.OX IO-7 3.6x10-lo

Inhalation:

Air 5.0.10-10 5.3x I0-!I 3.4.10-8 2.5x I0-12 3,0.10-7 3.4.10-7 1.3x I0-lo 8.4x I0-6 3.4x10-9 3,5.10-5 1.4x I0-8 8,8.10-4 3,5.10-7

Resuspensio[l 5.4.10-12 5,7x I0-13 3,7x I0-[0 2.7.10-14 3,2x I0-9 3.6x10-9 1.4x I0-12 9,0.10-8 3.6x10 -11 3.8x I0-7 1,5.10-10 9,5x I0-6 3.8.10-9

Siibtotal 5.1.10-10 5.4,1o-II 3.4.10-8 2.5xl@12 3,0.10-7 3.4x I0-7 1.3x10-lo 8.5x I0-6 3.4x10-9 3.6x10-5 1.4,10-8 8.9.10-4 3.6xl&7

External:

Soil 9.1.10-s 6.5.10-9 3.4.10-13 I,4x10-10 2.9 Y10-11 9,8x I0-8 3.9x10 -11 I,8x10-6 7,1.10-10 1.0 XI O-5 4,1x I0-9 1.9x10-4 7.5x10-s

Air 4.3.10-12 3,3.10-13 3.6x10-18 6.6x10 -15 7.6.10-16 4,6x Io12 1.9x Iv15 8.4x10-li 3.4x I0-14 4.9.10-10 1,9.10-13 8.8.10-9 3.5x I0-12

Sebtotal 9. IX IO-8 6.5xt0-9 3.4x I0-13 1.4x I0-10 2.9x I0-11 9.8x I0-8 3.9.10-11 1.8.106 7.1x Io-ltJ 1.OXIO-5 4.1.10-9 1.9.10-4 7.5x I0-8

‘rotai 9.2.10-8 6.6.10-9 3,5.10-s 1.5.10-!0 3.OXIO-7 4.4.10-7 1.7x10-lo 1.0.10-5 4.1.10-9 4.6.10-5 I,8x I0-8 1.1x10-3 4.3.10-7

a. For tbe Shut Down and f3cactivatc Alternative, the uninvolved worker is exposed by the atmospbcric transport of exposed L-Lake sediments.

b. Based on a risk of 0.0004 latent fatal cancers per person-rem of radiation exposure PCRP 1993).

c. Based on a 25-year exposure period, Doses are corrected for radioactive decay over tbc exposure period.

d. P-Area. ‘~otal uninvolved workers csti!rrated to bel 05 (Simpkins 1996).
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Table C-19. L-Lake - U]]iavolved worker (R-Area) radiological doses associated with the Shtlt DOWIIai]d Deactivate Alternative and resulti]]g

health effects.a

Population Population

anll.al Ii fctime

Annual dose (renr) Probability Lifetime Probability dose Number dose Number

PU-2391 of fatal dose

Expos[jrc Pathway CS-137 CO-60

of fatal (perso]l- of fatal (person- of fatal

240 Pm- I 46 U-233/234 ‘~otal cancerb (rem)c canccrb rcm)d cancersb rcln)c.d canccrsb

Ingestion;

Soil 3.2x IO12 2.7x I0-14 1,2.10-12 I,2x I0-12 2.7x10 -12 7.1x Io-t2 2.8x10-t5 1.6xl Vlo 6,3x10 -14 3.5:* 10-tl 1.4.10-14 7,9xl@lo 3.1x Io-t3

Soil f3crmal 2.0x IO13 4.5x I0-15 7,5x I0-11 2,8x10-15 4.6.10-11 1.2x10-t O 4.9x I0-14 3.OXIO-9 1.2.10-12 6.1 *10-10 2.4x I0-13 1.5.10-8 6,1x i0-t2

Subtotal 3.4x10-12 3.2.10-14 7,7.10-11 3.1.10-15 4.9x10-11 1.3x10-10 5.1x IO-14 3,2.10-9 I,3x10-12 6.4:*10-10 2.6.10-13 L6x1o-8 6,4xl&12

Inhalation:

Air 1.7x10-lo 1.8.10-11 1.2.10-8 8.9.10-13 1,0.10-7 1.2x I0-7 4.7x IoII 2.9.10-6 1.2x I0-9 5.8x I0-7 2.3x10-lo L5x I0-5 5.8x I0-9

Rcsuspensiorl 2.0x Io-12 2. Ix Io-13 1.4x10-lo l.ox Io-14 1.2.10-9 1.3x I0-9 5.3x I0-13 3,3,10-8 L3XIOII 6,6x10-9 2.7x I0-12 L7x10-7 6,6x I0-11

Subtotal I,7x I0-10 1.9.10-11 1.2.108 9,0x I0-13 I, IXIO-7 1.2x I~7 4.7.10-11 2.9.10-6 1.2 X10-9 5,9x I0-7 2,3x Io-lfJ L5x I0-5 5.9x I~9

External:

Soil 3.4.10-8 2.4x I09 1.3.10-13 5.5x10il 1.1.1O-11 3.6x I@8 L5x I0-11 6.6x10-7 2.7.10-10 1.8x10-7 7.3x I0-11 3.3x I0-6 L3.10-9

Air 1.5.10-12 1. Ix Io-13 1.2x Io-18 2.3x IO15 2.6x10-16 1.6.10-12 6.5x10-t6 2.9x10-11 1.2x10-14 8.1:.10-12 3.2.10-15 1.5x10-lo 5,9x10-14

Subtotal 3.4.10-8 2,4x10-9 L3x10-13 5,5xl@ll 1.1.1O-11 3.6x I0-8 1.5x10-11 6.6xl&7 2,7x10-10 L8x10-7 7.3x I0-11 3.3x I0-6 L3x I0-9

Iota! 3,4.10-8 2.4.10-9 1,2.10-8 5,6x10 -II 1.1x IO-7 1.5.10-7 6.2x10-11 3.6x IT6 I,4x10-9 7.7x10-7 3.lxl@lo 1.8x10-5 7,2x I0-9

a. For the Shut Down and Deactivate Alternative, the uninvolved worker is exposed by the atmospheric transport of exposed L-Lake sediments.

b. Based on a risk of 0.0004 latent fatal car,cers pcr person-rcrn of radiation exposure (NCRP 1993),

c. Based on a 25-year exposure period. Doses are corrected for radioactive decay over the exposure period,

d. R-Area. Total uninvolved workers estimated to bc five (Simpkins 1996).



Table C-20. L-Lake - Involved worker (current use) nonradiological hazard indexes and cancer risks associated with the Shut Down and

Deactivate Alternative.a

tlazard quotient Ilazard Cancer risk

Exposure Pathway

Lifctirne

Manganese Thallitlm Antimony Lead Cadmium Indexb Cadmium Beryllium Arsenic Total annual ~a”ccr [i~kC

Itlgestioll:

Soil 9.5.10-8 5.3.10-3 3.8x I04 2.3.10-4 4,5.10-5 6.0.10-3 NAd 3.1.10-9 9.7.109 1.3.10-8

Soil Dcrmal

6.4x I0-8

7.8x I0-8 4.5.10-4 3.2x I0-3 9.5.10-5 7.4.10-4 4.5.10-3 NA 4.9x I0-8 1.6x I0-9 5. IXIO-8 2,5.10-7

Subtotal 1.7,10-7 5.8x I0-3 3.5.10-3 3.2x I0-4 7.8x10~ 1.0.10-2 0.0.100 5,2x 10-s 1.1.10-8 6.4x 10-s 3.2.107

hrhala[ ion:

Resuspension 9.4x I o-8 1.1.104 7.7x1 o-6 1.5.10-5 NA 1.3.10-4 4. I.10-11 1.2.1010 1.7.10-9 1.9.10-9 9.3.10-9

Subtotal 9.4.10-8 LIX1O-4 7.7x I0-6 1.5.10-5 0.0.100 1.3.10-4 4.1.10-11 1.2.10-10 1.7.10-9 1.9.10-9 9.3.10-9

Total 2.7x I0-7 5.9. I 0-3 3.6x I0-3 3.4.10-4 7.8x 10-4 [.[,10-2 4.[.10-11 5.3.10-8 [.3.10-S 6.6.10-$ 3.3.10-7

a. For the Shl]l Down and Dcactivatc Alternative, the involved worker exposures result froln direct contact with and atmuspberic rcsuspcnsio]] of the exposed L-Lake

sediments.
b. Hazard index is the su!n of hazard quotients added across exposure pathways or poOutants.

c. Based on a S-year exposure period,

d, NA = not app[icablq the contaminant is not transferred through the listed exposure pathway.

------ E----- -----m -



Table C-21. L-Lake - Involved worker (future use) nonradiological I]azard indexes and cancer risks associated with the Shut Down and

Deactivate Alternative.a

Ifazard quotient lfazard Cancer risk I.ifctimc

l~xposure Pathway Manganese ThaOiu#n Antimony Lead Cadmium [ndexb Cadmium Beryllium Arsenic Total annual cancer risk.

Ingestion:

Soil 2.1,10-6 1.2.101 8,4x I0-3 5.0.10-3 9.9.l@4 1,3.101 NAd 6.8,10-8 2.2.10-7 2.9.10-7 7.2x10b

Soil Dcr!nal 1.3x I0-6 7.5,10-3 5.3x I0-2 1.6x 10-3 1.2,10-2 7.4.102 NA 8.2x I0-7 2.7.10-8 8.5.10-7 2.1.10-5

Subtotal 3.4x I&6 1.3.10-1 6.1x Io-2 6.6x 10-3 1.3.10-2 2,1.101 0.0.100 8,9x I0-7 2.5x I0-7 1,1.106 2.8x I0-5

lnhala{iou:

Resuspension 2,1.10-6 2.4x I0-3 1.7,10-4 3.3.10-4 NA 2.9x I0-3 9.0,10-10 2.7x I0-9 3.7x I0-8 4. IX IO-8 1.OX IO-6

Subtotal 2.1.106 2.4x I0-3 1.7,10-4 3.3.10-4 0.0.100 2.9.10-3 9.0.10-10 2.7x I0-9 3.7.10-8 4. IX IO-8 1.0.10-6

Total 5.5x I0-6 1.3.10-1 6.1.10-2 6.9.10-3 L3x1o-2 2.1.10-1 90,10-10 8.9x I0-7 2.8x 10-7 1,2.10-6 2.9x I0-5

a, I:or the Shut DO,”” and Dcactivatc Alternative, the involved worker exposuresresult fro!n direct contact with and atmospheric resuspension of tbc exposed L-Lake

sedilnents

b. l-fazard index is tbc sum of hazard quotients added across exposure path!vays or pollutants.

c. Based on a 25-year exposure period.

d. NA = not applicable; Ihc contaminant is not transferred through the listed exposure pathway.



Table C-22. L-Lake - Uninvolved worker (L-Area) nonradiological hazard indexes and cancer risks associated witk the Sllut Down and

Deactivate Alternative,a

Hazard quotien~ Hazard Annual cancer risk

Exposure Pathway Manganese

I.ifetfmc

‘rhallium An[imony Cadmiunr Lead Indcxb Cadmium BcryOium Arscrlic Total cancer riskc

Ingestion:

Soil 1.7.lo-fl 9.4.107 6.7x10-8 7.9.10-9 4.0.10-8 1.1.10-6 NAd 5.5.10-13 1.7.10-12 2,3x I0-12 S.6X10-11

Soil Deroral [.1.10-11 6.OXIO-8 4.2x I0-7 1.0.107 I,2x I0-8 6.OXIO-7 NA 6.8x10 -12 2.2.10-13 7.1x Io-i2 1.8.1010

Subtotal 2.8,10-11 1.OX IO-6 4.9,10-7 1,1.10-7 5.2.10-8 1.7x I0-6 0.0,100 7.4x10-t2 1.9.10-12 9.3.10-12 2.3x I0-10

Inhalation:

Air 7.5x 1o-8 8.5x I0-5 6.1.10-6 NA 1.2.10-5 1.0.10-4 3.2.10-11 9.6.10-11 1,3.10-9 1.4.10-9 3.6x I0-8

Resuspension 8.1x IO-lo 9.3,10-7 6.6,10-8 NA 1.3.10-7 LIXIO-6 3.5.10-13 1.1,10-12 1.5.10-1[ L6x I0-11

Subtotal

4.1,10-10

7.5x I0-8 8.6.10-5 6.1.10-6 0.0.100 1.2.10-5 LOX1O-4 3.2.10-11 9.7, [0-11 L3X1O-9 1.4.10-9 3.6x I0-8

‘rolal 7.5x I0-8 8.7.105 6.6.10-6 1.1.10-7 1.2.10-5 1.1,10-4 3.2x I0-11 1.1.10 -[0 1.3.10-9 1.4.10-9 3.6x I0-8

a. For tbe Shut Down and Deactivate Alternative, tbc uninvolved tvorkcr is exposed by the at[nospheric transport or exposed L-Lake sedinrents.

b. Ilazard index is the sun, of bamrd quoticnls added across exposure p~thways or pollutar)ts,

c. Based on a 25-year exposure period,

d. NA = not applicab[c; tlIc conta,nitlanl is not (rnnsrerred thro(]gb tbc listed exposure pathway.

-------



Table C-23. L-Lake - Uni]wolved worker (P-Area) nonradiological hazard indexes and cancer risks associated with the Shut Down and

Deactivate Alterllative.a

Ilazard quotient I-lazard Annual catlcer risk Lifctirne

Exposure Pathway Manganese Thallium Antimony Cadmium Lead indexb Cadmium BcryOium Arsenic Total cancer riskc

Ingestion:

Soil 5.0xIo-12 2.8x10-7 2,0.10-8 2.3xl&9 1.2.10-s 3.1.10-7 NAd 1.6x10-13 5.I.10-13 6.7xI0-13 1.7.10-11

Soil Denrral 3.2.10-12 1.8.10-8 L2xI0-7 2.9xI0-8 3.8xI09 1.7. !0-7 NA 2.1.1o-12 6.4x I0-!4 2.lxlo-12

Subtotal

S.3XI0-11

8.2x I0-12 3,0.10-7 1,4.10-7 3.2.108 1.6.108 4.9.10-7 0.0.100 2.2.10-12 5.7.10-13 2,8x10-12 7.O.1011

Inhalation:

Air 2.3.108 2.6x10-5 1.8.10-6 NA 3.6.10-6 3.1.10-5 9.7x 10-12 2.9x I0-11 4.0.10-10 4.4.1010 LIX1O-8

Rcsuspe!lsiorl 2.4x 10-io 2.7.10-7 2. OXIO-8 NA 3.8x10-8 3.3.10-7 1.0.10-13 3. I.10-13 4.3x10-12 4.7x I0-12 1.2 XI0-10

Subtotal 2.3x I0-8 2.6.10-5 1.8 XI0-6 0.0,100 3.6.10-6 3.1.10-5 9.8xl&12 2,9x 10-1 I 4.o.1o-1o 4.4,1010 1. IX IO-8

Total 2.3x I0-8 2.6x 10-5 1.9.10-6 3.2x I0-8 3.6x I0-6 3.2x I0-5 9.8xlm12 3.1.1o-11 4.OXIO-10 4.4.10-10 1. IX IO-8

a. For the Shut Down and Dcaclivate Alternative, the uninvolved worker is exposed by the atmospheric transport of exposed L-1.akc sediments.

b. Flazard index is lhe suIn of hazard quotients added across exposure pathways or pollatanls.

c, Based on a 25-year exposure period.

d. NA = not applicabl% the contaminant is not transferred through the listed exposure pathway.



Table C-24. L-Lake - Uninvolved worker (R-Area) nonradiological hazard indexes and cancer risks associated with the Shut Down and

Deactivate Alternative.a

I-fazard quotient Hazard Annual cancer risk I,ifctimc

Exposure Pathwny Manganese Thallium Antimony Cadtnium Lead Indexb Cadlnium Beryllium Arsenic Total cancer riskc

lngcs[ ion:

Soil 1.9.10-12 1.0.10-7 7.5.10-9 8.8.10-10 4s.10-9 1.1.10-7 NAd 6.1x IO-i4 1.9.10-13 2,5.10-13 6.3x I0-12

Soil Dermal 1.2,10-12 6.6x I09 4.7x I0-8 1. IX IO-8 1.4.10-9 6.6.10-8 NA 7.5.10-13 2.4x I0-14 7.8x I0-13 1.9.10-11

Subtotal 3.1.10-12 1. I.10-7 5.5.10-8 1.2x I0-8 5.9.109 L8x I0-7 0.0.100 8. Ix Io-13 2.1 XIO-13 1.O.10-12 2.6x 10-1 I

[nhalation:

Air 7.7.10-9 8.8.10-6 6.3x I0-7 NA I,2x I0-6 LI.105 3.3.10-12 [.0.10-11 1.4.10-10 I.s.lo-lo 3.8x I0-9

Resuspensio]l 9. OXIO-J I 1,0.10-7 7.4.10-9 NA L4x I0-8 1.2.10-7 3.9.10-14 1.2x I0-13 1.6x I0-12 1.8x10-12 4.4.10-11

Subtotal 7.8.10-9 8.9.10-6 6.4.10-7 0.0.100 1,2.10-6 1.1,10-5 3.4.10-12 I.oxlo-11 1.4,10-10 L5XI0-10 3.8x I0-9

Total 7.8xI0-9 9.0. Io-6 6.9.10-7 1.2.10-8 1.2.10-6 LI.105 3.4xI0-12 L1.lo-11 L4.1010 L5XI0-10 3.9,10-9

a. For the shut Dow” and f3cacdvateAjter”ativc,the uninvolved worker is exposed hy the atmospheric llanSpOrt of exposed L-Lake scdimenls.

b. Ifazard index is the sum of hazard quotients added across exposure pathways or pollutants.

c. Based OXIa 25.year exposure period,

d. NA = not applicable the contaminant is not transferred through the Iistcd exposure pathway,

--- m-- ------ ------



Table C-25. Pen Branch - Involved worker (current use) radiological doses associated with the No-Action Alternative and resulting health

effects.a

Individual worker Worker population
Annual Probability Lifetime Probability Annual Number Lifetime Number

dose of fatal dose of fatal dose of fatal dose of fatal
Exposure pathway (rem) cancerc (rem)d cancerc (person-rem) canccrsc (person-rem)d cancersc

Ingestion:

Soil 4.4.10-10 1.8x I0-13 5.9.10-9 2.4x I0-12 3.1.10-8 1.2.10-11 4.1.10-7 1.7.10-10

Soil dermal 3.7.10-11 1.5.10-14 5.0.10-10 2.0.10-13 2,6x I0-9 1.0.10-12 3.5x I0-8 1.4.10-11

Subtotal 4.8.10-10 1.9.10-13 6.4.10-9 2.6.10-12 3.3x I0-8 1.3.l&ll 4.5.10-7 1.8x10-lo

Inhalation:

Resuspension 1,4.10-11 5.4.10-15 1.8x10-lo 7.3.10-14 9.5.10-10 3.8x I0-13 1.3x I0-8 5. Ix Io-12

Subtotal 1,4.10-11 5,4.10-15 1.8x10-lo 7.3.10-14 9,5.10-10 3.8x I0-13 1.3x I0-8 5.1x Io-12

Total 4,9.10-10 2,ox1o-I3 6.6x 10-9 2.6x I0-12 3.4x1 o-8 1.4.10-11 4,6x I0-7 1.8x10-lo

a. For the No-Action Alternative, tbe involved worker exposures result fronr increased concentrations of tritium in surface water
b. The number of involved workers is estimated to be 70,
c. Based on a risk of 0,0004 latent fatal cancers per person-rem of radiation exposure (NCRP 1993),
d. Based on a S-year exposure period, Doses are corrected for radioactive decay over the exuosure Deriod,



Table C-26. Peil Braock - I]wolved worker (future use) radiological doses associated with the No-Action Altertlative and resulting healtk
effects ,a

Individual worker Worker population

Annual Probability Lifetime Probability Annual Number Lifetime Number
dose of fatal dose of fatal dose of fatal dose of fatal

Exposure pathway (rem) cancerc (rem)d cancerc (person-rem) cancersc (person-rem)d cancersc

Ingestion:

Soil 9.9xl@9 4.0x Io-12 1,3.10-7 5,3.10-]1 6.9x 10-7 2.8x10-lo 9.3x I0-6 3.7.10-9

Soil dermal 6.2x1010 2.5.10-13 8.4x I0-9 3.4x10-12 4,4x I0-8 1,7,10-]] 5.9.10-7 2.3x10-lo

Subtotal I, IXI08 4.2x I0-12 I .4.10-7 5.7.10-11 7.4.10-7 2.9x10-lo 9.9.10-6 4.0.10-9

Inhalation:

Resuspension 3. OX IVIO 1.2.10-13 4.0.10-9 1.6x10 -12 2. IxIo-8 8.4x I0-12 2,8.10-7 1,1.10-10

Subtotai 3.o.l&lo 1.2.10-13 4.0.10-9 I,6x I0-12 2,1.10-8 8.4x I0-12 2,8x I0-7 1,1.10-10

Total 1. IxI08 4.3.10-12 1,5.10-7 5.8x 10-11 7.6x I0-7 3.0.10-10 1.OX IO-5 4.1.10-9

a. For the No-Action Alternative, the involved worker exposures result from increased concentrations of tritium in surface water,

b. The number of involved workers is estimated to be 70,
c. Based on a risk of 0,0004 latent fatal cancers per person-rem of radiation exposure (NCRP 1993),
d. Based on a 25-year exposure period. Doses are corrected for radioactive decay over the exposure period.

-- ”---- ------ ------



Table C-27. Forrrnrile Brancl] - Involved worker (current use) radiological doses associated with the No-Action Alternative and resulting I]ealtb

effects.a

Individual worker Worker population
Annual Probabilityy Lifetime Probability Annual Number Lifetime Number

dose of fatal dose of fatal dose of fatal dose of fatal
Exposure pathway (rem) cancerc (rem)d cancerc (person-rem) cancersc (person-rem)d cancersc

Ingestion:

Soil 5.8x10-tl 2.3x I0-14 7,8x10-lo 3.1.10-13 4,1.10-9 I,6x I0-12 5.5x I0-8 2.2.10-1 I

Soil dennal 4.9x I0-12 2,0x I0-15 6.6.10-11 2,7x I0-14 3.5.1O-10 1.4.10-13 4,6x I0-9 1.9x I0-12

Subtotal 6.3x10-11 2.5.10-14 8.5x10-lo 3.4 X1O-I3 4.4.10-9 I,8x I0-12 5.9x I0-8 2.4x 10-11

Inhalation:

Resuspension 1.8x I0-12 7.2.10-16 2,4x10-11 9.7,10-15 1.3.lo-lfJ 5.0.10-14 1.7.10-9 6.8x I0-13

Subtotal 1.8x10-12 7.2x I0-16 2.4.10-11 9.7.10-15 1.3.10-10 5.0.10-14 1.7.10-9 6.8.10-13

Total 6,5x IOII 2.6x10-14 8.7x10 -10 3.5XI0-13 4.5 XI0-9 I,8x I0-12 6. IXIO-8 2.4x 10-11

a, For tbe No-Action Alternative, the involved worker exposures result from increased concentrations of tritium in surface water.
b. The number of involved workers is estimated to be 70.
c, Based on a risk nf 0.0004 latent fatal cancers per person-rem of radiation exposure (NCRP 1993),
d. Based on a 5-year exposure period. Doses are corrected for radioactive decay over the exposure period.



Table C-28. Fourmile Branch - Involved worker (future use) radiological doses associated with the No-Action Alternative and resulting health

effects.a

Individual worker Worker population

Annual Probability Lifetime Probability Annual Number Lifetime Number

dose of fatal dose of fatal dose of fatal dose of fatal
Exposure pathway (rem) carrcerc (rem)d cancerc (person-rem) carrcersc (person-rem)d cancersc

Ingestion:

Soil 1.3,10-9 5.2x I0-13 1.7x I0-8 7.OXIO-12 9,1x I0-8 3.6x I0-11 I,2x1o-6 4.9.10-10

Soil dermal 8.2x10-lo 3.3,10-14 1.1.10-9 4.4,10-13 5.8.10-9 2,3.10-[2 7.7x I0-8 3.1.10-11

Subtotal 1.4,10-9 5.5.10-13 I,9x I0-8 7.4x I0-12 9.7x I0-8 3.9 X1O-II 1,3.10-6 5.2x10-lo

Inhalation:

Resuspension 4,1.10-11 1.6x10-t4 5.4.lo-lfJ 2.2.10-13 2.8xl@9 I, IXIO-12 3,8x I0-8 1.5.10-11

Subtotal 4, I.1O-II 1.6x10-r4 5.4.10-10 2.2x1o-I3 2.8x I0-9 1,1.10-12 3,8x I0-8 1.5.10-11

Total 1,4.10-9 5,7 XIOJ3 1.9x I0-8 7.7.10-12 1,0.10-7 4,0 XI0-11 I.3x1o-6 5.4.10 -[0

a. Forthe No-Action Alternative, theinvolved worker exposures result from increased concentrations oftritium in surface water,
b. Thenumber ofinvolved workers isestimatcdtobe70.
c. Based onarisk of O,00041atent fataIcancers perperson-rem ofradiation exposure ~CRPl993).
d. Based ona25-year exposure period, Doses arecorrected forradioactive decay overthe exposure period,

------- ------- -



Table C-29. Steel Creek -l]lvolved worker (currel]t use) radiological doses associated witilthe No-Action Alternative andresultil]g healtl]

effects.a
Individual worker Worker population

Annual Probability Lifetime Probability Annual Number Lifetime Nulnber
dose of fatal dose of fatal dose of fatal dose of fatal

Exposure pathway (rem) cancerc (rem)d cancerc (person-rem) cancersc (person-rem)d cancersc

Ingestion:

Soil 3.1.10-10 1,2.10-13 4,2.10-9 I,7x I0-12 2.2.10-8 8.7x I0-12 2,9x I0-7 1.2.10-10

Soil dertnal 2.6x10-11 1.1.10-14 3,5.10-10 1.4.10-13 I,8x10-9 7.4.10-13 2.5x I0-8 9.9.10-12

Subtotal 3.4.10-10 1,3,10-13 4.5.10-9 1.8x10-12 2.4.10-8 9.4.10-12 3.2x l&7 1,3,10-10

Inhalation:

Resuspension 9.6x I0-12 3.8.10-15 1,3.10-{0 5.2x I0-14 6.7x10-lo 2.7x I0-13 9.O.10-9 3.6.10-12

Subtotal 9.6x I0-12 3.8x I0-15 1.3.10-10 5.2x I0-14 6,7x10-lo 2.7.10-13 9.0.10-9 3,6x I0-12

Total 3.5 XI0-10 1.4.10-13 4,7.10-9 1.9x I0-12 2.4x I0-8 9.7x10-12 3.3.107 I,3. IO-10

a. Forthe No-Action Alternative, theinvolved worker exposures result from increased concentrations oftritium in surface water,

b. Thenumber ofinvolved workers isestimatedtobe 70.

c, Based onarisk of O.00041atent fatal cancers perperson-rem ofradiation exposure (NCRPl993).

d. Based ona5-year exposure period. Doses arecorrected forradioactive decay overthe exposure period.



Table C-30.

effects.a

Steel Creek - Itlvolved worker (future use) radiological doses associated with the No-Actioi] Alternative a!]d resulting health

Individual worker Worker population

Annual Probabi Iity Lifetime Probability Annual Nu]nber Lifetime Nunlber
dose of fatal dose of fatal dose of fatal dose of fatal

Exposure pathway (renl) cancerc (rem)d c.ancerc (person-retrr) cancersc (person-rem)d cancersc

Ingestion:

Soil 7.0.10-9 2,8.10-12 9.4x I0-8 3.8x I0-11 4,9,10-7 2.0.10-10 6.6 XI0-6 2.6x 1O-9

Soil dermal 4.4.10-10 1.8x I0-13 5.9.10-9 2.4x I0-12 3.1.10-8 1.2.10-11 4.1.10-7 1.7.10-10

Subtotal 7.4.10-9 3.OXIO-12 1.0.10-7 4.0.10-11 5.2x I0-7 2,1.10-10 7.OXIO-6 2.8x I0-9

Inhalation:

Resuspension 2,1.10-10 8.4x I0-14 2.8x I0-9 1,1.10-12 1.5.10-8 5.9.10-12 2.0.10-7 7.9.10-1[

Subtotal 2.1.10-10 8.4.10-14 2.8x I0-9 1.1.10-12 1.5x I0-8 5.9x I0-12 2.0.10-7 7,9,10-11

Total 7.6x I0-9 3. Ix Io-12 I.0.10-7 4.1.10-11 5.4.10-7 2. IXIO-10 7.2x I0-6 2,9.10-9

a. Forthe No-Action Alternative, theinvolved worker exposures result from increased concentrations oftritium in surface water.
b. Thenumber ofinvolved workers isestimatedtobe 70.
c. Based onarisk of O.00041atent fatal cancers perperson-rem ofradiation exposure @CRPl993).
d. Based ona25-year exposure period. Doses arecorrected forradioactive decay overthe exposure period,

------- -D --



TabIe C-31. Steel Creek -l]lvolved worker (currellt use) radiological doses associated witIltl]e Shut Dowt]and Deactivate Altcrnativeat]d

resulting health effects.a

Population Population

annl]al Ii fetitne

Individual atrnual dose (rem) I>robability Lifclime Probability dose Nunlber dose Number

Pu-239/ of fatal dose of Fdtal (person- of fatal (pcrsOn- Of fatal

Exposure Pathway CS-137 CO-60 240 Pm-146 U.233/234 Total canccrb (rem)c canccrb rcm)d canccrsb rcm)c,d canccrsh

lngcst ion:

Shoreline Der!nal 1.2x Io12 2.7x I0-14 3.1 XI O-9 2.8x10 -12 1.2x10-lo 3.3x I0-9 1.3.10-12 1.6x I0-8 6.5x I0-12 2,3x10-7 9, fxI0-11 l.!x Io-6 4.5x I0-lo

Shorclille 1.4x10 -11 1.2x Io13 3.6x10 -11 2.0.10-13 6.4x10 -11 l.]x IO-10 4.6x I0-14 5.7x10-lo 2.3x10 -13 8.0x Iv9 3.2xt0-12 4.OX IO-8 1.6x10 -11

Subloial 1.5x I0-11 1.5.10-13 3.2x10-9 3.0.10-12 1.9x10-lo 3.4xI0-9 1.3x10-f2 1.7xI0-8 6.7.10-12 2.4.10-7 9.4.10-11 1.2xI0-6 4.7xI0-lo

External:

Shoreline 3.1. [0-8 2.2.10-9 8.1xIO-13 8.3x10-9 3.4xI0-11 4.2xI08 I,7x I0-11 1.9xI0-7 7.4.10-11 2,9.10-6 1.2xI0-9 1,3.10-5 5.2x10-9

Subtotal 3. Ix1o-8 2.2.10-9 8.1xIO-t3 8,3xI0-9 3.4xIo-11 4.2.108 1.7.10-11 1.9xI07 7.4xI0-11 2.9X10-6 1.2xI0-9 1.3.10-5 5.2.10-9

Total ,, 3.1XIO-8 2.2x1o-9 3.2xI0-9 8.3xl&9 2.2x10-lo 4.5xI0-8 1.8xI0-11 2,0.10-7 8.1xIO-fl 3.1.10-6 1.3xI0-9 1.4xI0-5 5.7.10-9

a. Fortbe Shut Downand Deactivate Alternative, tbcinvolvcd workcrexposures result fromthc aqueous transpoti ofexposcd l.-[.akc~edimcnts in Steel Creek

b. Bascdon ariskof0.0004 lalentfa[al canccrs p.rperso!l-reln ofradiation expos.revCRPl993),

c. Bascdon a5.yearexposurc period. Doses arccorrccted forradioactive decay over[heexposurc period.

d. Then. mberofinvolved workers isestimatcdtobc 70,



Table C-32. Steel Creek -Illvolved worker (future use)radiological doses associated witllthe Shut Down and Deactivate Alternative and

resulting health effects,a

Population Population

annual Ii fetimc

Individual annual dose (rem) Probability Lifetime Probability dose Number dose

Pu-2391

Number of

of fatal dose
Exposure Pathway CS-137

of fatal (person- of fatal (person.

CO-60 240
fatal

Pm-146 U-233/234 Total cancerb (rem)c canccrb rem)d cancersb rem)c,d cancersb

Ingesliol]:

Shorclioe Dermal 2.0x IO-11 4.5x I0-13 5.2,10-8 4.7.10-11 2.1.109 5.4x I0-8 2.2.10-1( 1.4. I&6 5.4xl@lo 3,8.106 1.5x I0-9 9.5.10-5 3.8.10-8

Shoreline 3.2x10-lo 2.7x10 -12 8.1x IO-Io 4,3xl&!2 1.5x10-9 2.6x10-9 1.1x10 -12 6.4.10-8 2.6x I0-11 1.8x10-7 7.4x I0-11 4.5x I0-6 I,8x10-9

S[)btotal 3.4x10-lo 3,2x I0-12 5.3.10-8 5.1.10-11 3.6x I09 5.7.10-8 2.3x10-fl 1.4x I0-6 5.7x10-lo 4.0.10-6 1.6x I0-9 9.9.10-5 4.0.10-8

External:

Sborclinc 6,8x10-7 4,9x10-8 1.8x1011 1.9x I0-7 7.5x10-lo 9.2x I07 3.7x10-to 1.5.10-5 6.4x I0-9 6.4.10-5 2.6x I0-8 1.OXIO-3 4,1.10-7

Subtotal 6.8x10-7 4.9x I0-8 1,8.10-11 1.9x I0-7 7,5x10-lo 9.2.10-7 3.7x10-lo 1.5.10-5 6.4x10-9 6.4x I0-5 2,6x I0-8 1.OXIO-3 4. IX IO-7

“Sotal 6.8x10-7 4.9x I0-8 5.3.10-8 1.9.10-7 4.3x I0-9 9.7.10-7 3.9x10-lo L6x I05 6.8x10-9 6.8.10-5 2.7x I0-8 I. IX1O-3 4.5x I0-7

a. For tbc Shut Down and Deactivate Alternative, the invoived worker exposures result from the aqueous transport of exposed I,-Lake sediments in Steel Creek.

b. Dasedon ariskof O.00041atent fatal cancers pcrpcrson-rem ofradiation exposure ~CRPI993).

c. Bascdon a25-ycarcxposure period. Doscsarcdecay corrected forradioactive decay overthecxposurc period.

d. Thenumher ofinvolvcd workers iscstinrated to bc 70,



Table C-33. Steel Creek -Ij]volved worker (current use) llol)radiological hazard indexes al~dcancer risks associated witllthe Shut Dowlla!ld
Deactivate Alternative,a

Hazard quotient Hazard Annual cancer risk Lifetime

Exposure Pathway Manganese Thallium Antimony Lead Cadmium Index Beryllium Arsenic Total cancer riskc

Ingestion:

Shoreline Dernral 7.4.10-11 6.6.10-6 1.6.10-6 2,9.10-8 I. IX1O-7 8.4x I0-6 5.3x I0-12 3.3x1o-I3 5.7x I0-12 2.8x I0-11

Shoreline 8.7.10-11 7.7.10-5 1.9.10-7 6.9x I0-8 6.1x IO-9 7.7.10-5 3.1.10-13 1.9x I0-12 2.2x I0-12 1.1.10-11

Total 1.6x10-10 8.4x I05 1,8.10-6 9.8x I0-8 I. IX1O-7 8.6x10-5 5.7x10-12 2,2x I0-12 7.9x I0-12 3,9x I0-11

a. Forthe Shut Down and Deactivate Alternative, tlleuninvolved worker isexposed bytheaqueous transpoti ofexposed L-Lake sediments in Steel Creek.
b. Hazard index isthesum ofhazard quotients added across exposure pathways orpollutants,
c. Based 0na5-vcar exDOsurc!Jerind.



TabIe C-34. Steel Creck-Itlvolved worker (future use) tlonradiological l]azard i]Idexes andcancer risks associated witl]the Shut Dowt]at]d

Deactivate Alternative.a

Hazard quotient Hazard Annual cancer risk Lifetime

Exposure Pathway Manganese ‘1’hallium Antinrony Lead Cadmium Index Beryllium Arsenic Total cancer riskc

Ingestion:

Shoreline Dertnal 1.2.10-9 1,1.10-4 2.7x I0-5 4.9.10-7 I,8x I0-6 1.4.10-4 8.9x 1O-II 5.5x I0-12 9,5x10-lo 2.4.10-9

Shoreline 2.OXIO-9 1,7.10-3 4.4x I0-6 1.5x I0-6 1.4.10-7 1.7.10-3 7.1x Io-12 4.4.10-11 S.lxlo-11 1.3XI0-9

Total 3.2.10-9 1.8x I0-3 3.2x10-5 2.0.10-6 1.9.10-6 1.8.10-3 9,6.10-11 4.9x I0-11 I,5XI0-10 3.6x I0-9

a. Forthe Shut Down and Deactivate Alternative, theuninvolved worker isexposed bytheaqueotis transpofl ofexposed L-Lake sediments in Steel Creek.
b. Hazard indcxis tllesum ofhazard quotients added across exposure pathways orpollutants,
c, Based orra25-year exposure period.



Table C-35. Par Pond -Radiological doses associated witl~tl]e No-Action Alter]lative atldresulting health effects totheoffsite maximally

exposed individua],a

Probability Lifetime Probability
Individual annual dose (rem)b of fatal dose of fatal

Exposure pathway Cesimn-137 Cobalt-60 Total cancerc (rem)d cancerc

Ingestion:

Soil 1.2x I09 2.2.10-13 I,2x I09 6. Ix IO-13 4,2x I0-8 2.lxlo-11

Soil dermal 2.4x1O-10 I, IX IO-13 2.4x IOI0 1,2x Io-t3 8,5x I0-9 4,2x I0-12

Leafy vegetables 2. OXIO-8 3,6x I0-12 2.OXI&8 9.8x10-12 6,8 XI0-7 3,4 XI0-10

Other vegetables 2,0x I0-8 3.4x I0-12 2. OXIO-8 9.8x1O-I2 6.8 XI0-7 3.4 X1O-10

Meat 8,6x I0-9 l,5x10-12 8,6x I0-9 4.3x1O-12 3.OXIO-7 I,5XI0-10

Milk 9,4x I0-8 4.8x I0-12 9,4x I08 4,7 X1O-11 3.3x I0-6 1.6x I0-9

Subtotal 1.4XI0-7 I.4X1O-II l,4xl&7 7.2x I0-11 5.ox1o-6 2.5x I0-9

Inhalation:

Air 2.4x 10-8 5.5 X1O-II 2.4x 108 I,2XI0-11 8,5x I0-7 4,2x I0-10

Resuspension 2.4x1O-10 5.7xlo-f3 2.4x IO-10 I,2x I0-13 8.5x I0-9 4.2x I0-12

Subtotal 2.4x1 O-8 5,7 XI I)-11 2.4x108 I.2X1O-II 8,5x I0-7 4,2x IO-10

External:

Soil 6,3x I0-6 9.6x 10-9 6,4x I0-6 3.2x1 O-9 2.2x1 O-4 1. IXIO-7

Air 3. IX1O-10 5. IX IO-13 3,1 XI I)-10 1.5xlo-13 1. Ix1o-8 5.4x I0-12

Subtotal 6.3x I0-6 9.6x I0-9 6.4x I0-6 3,2x I0-9 2.2x I0-4 1. IXIO-7

Total 6. SXIO-6 9.8x I0-9 6.5xl&6 3,3 X1O-9 2,3x I0-4 1. IXIO-7

a, Forthe No-Action Alter!lative, thegeneral public exposures result from theatmospheric transpoti ofexposed Par Po!ld sediments.

b. Tbeoffsite lnaxilnally exposed individual isamember oftllepublic residing attbe SRSboulldary,

c. Based onarisk of O,00051atent fatal cancers perperson-rem ofradiation exposure @CRPl993).

d. Based ona70-year exposure period. Doses arecorrected forradioactive decay overthe exposure period.
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Table C-37. Par Pond - Nonradiological hazard index associated with the No-Action Alternative for the
offsite maximally exposed individual (future use).a

Hazard quotient

Exposurepathway Mercruy Thallium Hazard indexb

Ingestion:

Soil 5.3 X1O-7 1.4X1O-7 6.7x1 O-7

Soil dernral 4.9x1 o-6 2.6x I0-8 5.ox1o-6

Leafyvegetables 9.1x Io-6 2.2x1P6 1.1X1O-5

Other vegetables 9.9x 10-6 2.OX10-6 1.2X10-5

Meat 4.9 X1O-5 1.8X1O-6 5.1 X1O-5

Mik 2.6x1 O-6 2.9x1 o-6 5.6 X1O-6

Subtotal 7.8x10-5 9.3x1 o-6 8.7x I0-5

Air 5.7 X1O-5 4.2x1 o-6 6. Ixl&5

Resuspension 5.7 X1O-7 4.3x1 o-8 6. Ix1o-7

Subtotal 5,7xlti5 4.3x1 o-6 6.1x1 O-5

Total 1.4X1O-4 1.4X1O-5 I.5X1O-4

a. For the No-Action Alternative, tbe general public exposures result from tbe atmospheric transport of exposed
Par Pond sediments. No carcinogenic constiments are released.

b. Hazard index is the sum of hazard quotients added across exposure pathways or pollutants.
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Table C-38. Par Pond Involved worker (current use) radiological doses associated with the No-Action Alternative and resulting health effects.a

Probability I.ifetimc Probability Population Nuorber Population Number
Annual dose (rem) of fatal dose of fatal annual dose

Exposure path way

of fatal lifetime dose of fatal

Cesium-137 CobaIt-60 ‘To[al cancerb (rem)c cancerb (person-rcxn)d ca.cersb (Person.rem)c,d .ancer~b

hlgesti on:

Soil 3.1.l&7 6.1.10-1o 3.1.107 1.2.10-10 1.5.10-6 5.9.10-10 2.2X 105 8.7.10-9 1.0.104 4.1.10-8

Soil denrral 2.5x I0-8 1.4.10-10 2.6.10-8 1.0.10-11 1.2 X10-7 4.8x [0-1 I 1.8x10~ 7.2x10-lo 8.5.106

Subtotal

3.4.10-9

3.4.10-7 7.5 XIOJ0 3.4. [0-7 1.3. [0-10 1.6,10-6 6.3x10 -{o 2.4x I0-5 9.4.10-9 1.1.104 4.4.10-$

Inbalat ioil:

Resuspension 3.9.10-9 9.9.10-11 4.0.10-9 1.6x10-12 1.9.108 7.5x I0-12 2,8.10-7 1.1.10-10 1.3xl&6 5.3.10-10

Subtotal 3.9.10-9 9.9.10-1 I 4.0,109 1.6x10-12 1.9x I@8 7.5.10-12 2.8x 10-7 1.1.10-10 1.3.10-6 5.3.1010

Extcr”al :

Soil 4.1.10-4 6.9.10-6 4.2.10-4 1.7.10-7 2.OXIO-3 7.8.10-7 2.9.10-2 1.2.10-5 1.4.10-1

Subtotal

5.5.10-5

4.1.10-4 6.9x I0-6 4.2.10-4 1.7.10-7 2,0 X10-3 7.8x I0-7 2.9x I0-2 1.2x I0-5 1.4,10-( 5.5,10-5

Total 4.1.10-4 6.9xl@6 4,2> 10-4 1.7.10-7 2. OXIO-3 7.9.10-7 2.9x I0-2 I,2X105 1.4 XI0-I 5.5,10-5

For tbe No-Action ARcrnative, tbe involved worker exposures result from direct contact with and atmospheric resuspension of the exposed Par Pond sedi!ncnts,

~. Based on a risk of 0.0004 latent fatal cancers per person-rem of radiation exposure ~CRP 1993),

c. Based on a 5.year exposure period, Doses are corrcc[cd for radioactive decay over the exposure period,

d. Tbe number of involved workers is cs!imated to be 70.



Table C-39. Par Pond - Involved worker (future use) radiological doses associated with the No-Action Alternative and resulting health effects,a

Probability Lifetime ProbabiIity Population Number Population Number
Individual annual dose (rem) Or fatal dose of fatal annual dose of fatal lifetime dose of fatal

EXpOS1lrCpath>vay Cesium - I 37 CobaO-60 Total cancerb (re,n)c canccrb (person-ccm)d. cane.rsb (p.rson-rem)c.d canccrzb

Ingestion:

Soil 6.7.106 1.3xI0-8 6.7x10-~ 2.7.10-9 1.3.104 5,1,10-8 4.7.104 1.9.10-7 8.9xI0-3 3.6.10-6

Soil dermal 4.2x I0-7 2.1 XI O-9 4.2.10-7 1.7.10-10 8.0,10-6 3.2x I0-9 2.9.10-5 1.2.10-8 5.6x1 o-4 2.2x I0-7

Subtotal 7.1.10-6 1.5.10-8 7. IxI06 2,9.l@9 1.4.104 5.4.10-8 5.0.10-4 2.0.10-7 9.5.10-3 3.8x I06

inhalation:

Resuspension 8.6.108 2.1 XI O-9 8.8.10-8 3.5.10-11 1.6.10-6 6.6.10-10 6.2x 10-6 2.5x I0-9 1.2.10-4 4.6x I0-8

Subtotal 8.6.10-8 2,1.10-9 8.8.10-8 3.5.IVII 1.6.10-6 6.6.10-10 6.2.10-6 2.5x I0-9 I,2x I0-4 4.6.108

Extcrtl al:

Soil 2.3.10-2 3.8.104 2.3x I0-2 9.4.10-6 4,4 XI0-I 1,8.10-4 1.6x100 6.5x I0-4 3.1.101 1.2.10-2

Subtotal 2.3x I0-2 3.8x I0-4 2.3x I0-2 9.4.10-6 4.4.10-1 1.8x I0-4 1.6x100 6.5.10-4 3.1.101 1.2.10-2

‘~otal 2.3x I02 3.8x I0-4 2.3.10-2 9.4x 10-6 4.4.10-{ 1.8x10-4 1.6x100 6.5x I0-4 3. IX1OI 1.2.10-2

a, For the No-Action Alternative, the involved worker exposures result from direct contact with and atmospheric resuspension of tbe exposed Par Po]ld sediments.

b. Based on a risk of 0,0004 latent fatal catlcers per person-rem of radiation exposure (NCRP 1993).

c. Based on a 25-year exposure period, Doses arc corrected for radioactive decay over the exposure period,

d. ‘~he number of involved workers is estimated to be 70.



Table C-40. Par Pond - Uninvolved worker (L-Area) radiological doses associated with the No-Action Alternative and resulting health effects,a

Probability Lifclime Probability Population Number

Individual annual dose (rem)b

POpukdiOn Number

of fatal dose of fatal annual dose of fatal Iifctime dose of fatal

Exposure pathway Ccsium-137 Cobalt-60 Total cancerc (renr)d cancerc (person-rem)c cancersc (person-rem)d,e ca”cersc

Ingestion:

Soil 2.1.10-11 4,2x I0-14 2.1.10-1[ 8.4x I0-15 4.oxl&lf3 1.6.10-13 2.2.10-9 8.8x 10-13 4.2x10g 1.7.10-11

Soil dermal 1.4x I0-12 7.5.10-15 1.4x I0-J2 5.5x I0-16 2.6x10-tl 1.OXIO-14 1.4.10-10 5.8x I0-14 2.7.10-9 1.1.10-12

Subtotal 2.2 XI13-11 5.o.lo-r4 2.2.10-11 9. O.1015 4.3.10-10 I,7XI0-13 2.4x 10-9 9.4.10[3 4.5,10-8 1.8x I0-11

hlbahrtion:

Air 4.4.10-10 I.lxlo-11 4.5.10-10 1.8x!0-13 8.4.10-9 3.4x I0-12 4.7.10-8 1.9.10-11 8.9x I0-7 3.5.1010

Resuspension 4.4x I0-12 I, IX IO-13 4.5x I0-12 L8x I0-15 8.4.10-11 3.4.10-14 4.7.10-10 I,9XI0-13 8,9x I0-9 3.s.10-12

Stabtoad 4.4.10-)0 I.1.lo-11 4.5xl@lo 1.8x1013 8.4x I0-9 3.4x1012 4.7. [0-8 1.9xlo-lf 8.9x I0-7 3.5.1O-10

External:

Soil 7.5x I0-8 !.3.10-9 7.6.10-8 3. I.10-11 1.4x I0-6 5.7.10-10 8.0.10-6 3.2.109 1.5 XI0-4 6.0.10-8

Air 3.7x I0-12 6.7.10-14 3.8x I0-12 1.5xlo-t5 7.lxlo-fl 2.8x IV14 4.OXIO-10 1.6x I0-13 7.4.10-9 3.0.10-12

Subtotal 7.5.10-8 1.3.109 7.6x I0-8 3. IX IO-11 1.4x I06 5.7.lo-lf3 8.O.10-6 3.2.10-9 L5.104 6. OXIO-8

To[al 7.5x I0-8 1.3.10-9 7.7. IP8 3. I.10-11 1.4x I0-6 5.8x!0-lo 8.1.10-6 3.2x 10-9 1.5.10-4 6. f.l&8

a. For tbe No-Action Alternative, [he uninvolvcci worker is exposed by the atmospheric transport of exposed Par Pond seitimcn[s.

b. Tbc ]naximally exposed uninvolved worker is located at l.-Arca.

c. Based on a risk of 0.0004 Iatcnt fatal cancers per person-rc!n of radiation exposure (NCRP 1993).

d. Based o“ a 25-year exposure period. Doses are corrcc[cd for radioactive decay over the exposure period.

c. L-Area. Total uninvolved workers estimalcd to be 251 (Simpkins 1996).



Table C-4I. Par Pond. Involved worker (current use) nonradiological hazard indexes and cancer risks
associated with the No-Action Altemative.a

Hazard quotient

Exposure pathway Mercmy Manganese Thallium Hazard indexb

Ingestion:

Soil 5,6x 1O-6 5.3x1 o-8 1.1x1o-6 6.8X1O-6

Soil dermal 2.3x1 O-5 4.5x 1o-8 9.5x1 o-8 2.4x1 O-5

Subtotal 2.9x1 O-5 9.8x1 o-8 1.2x1o-6 3.OX1O-5

Inhalation:

Resuspension 4.OX1O-7 5.2x1 o-8 2.3x1 o-8 4.8x1 O-7

Subtotal 4.0.10-7 5.2x1 o-8 2.3x1 o-8 4.8x I0-7

Total 2.9x 1o-5 1.5xl&7 1.2x1 O-6 3. IX1O-5

a. Fortie No-Action Alternative, theinvolved worker exposures result from direct contictwitimd
atmospheric resuspension of theexposed Pm Pond sediments, Theworker isnotexposed to any
carcinogenic contaminants.

b. Huardindex istiesum ofh=wdquotients added across exposure pathways orpoIlutmts,



DOE/EIS-0268

Table C-42. Par Pond - Involved worker (future use) nonradiological hazard indexes and cancer risks
associated with the No-Action Altemative.a

Hazardquotient

Exposurepathway MercuV Manganese Thallium Hazardindexb

In~estion:

Soil 1.3 X1 O-4 1.2x1 o-6 2.5x1 O-5 1.6x10-4

Soil demal 3.9 X1 O-4 7.5 XI0-7 1.6 X1 O-6 3.9 X1 O-4

Subtotal 5.2x I0-4 2.ox1o-6 2.7x1 O-5 5.5 X1 O-4

Inhalation:

Resuspension 8.8X1O-6 1.2xI0-6 5.OX1O-7 l.l XIO-5

Subtotal 8.8 XI0-6 1.2x1 o-6 5.OX1O-7 1.1 X1 O-5

Total 5.3 X1O-4 3.2x1 o-6 2.7x1 O-5 5.6x1 O-4

a. For the No-Action Alternative, the involved worker exposures result from direct contact with and atmospheric
resuspension of the exposed Par Pond sediments. The worker is not exposed to any carcinogenic contaminants.

b. Hazard index is the sum of hazard quotients added across exposure pathways or pollutants.
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Table C-43. Par Pond – Uninvolved worker (L-Area) nonradiological hazard indexes and cancer risks
associated with the No-Action Altemative.a

Hazardquotient

Exposure pathway Mercury Manganese Thallium Hazard indexb

Ingestion:

Soil 1.1X1O-10 1.OX1O-I2 Z.lxlo-11 I.3X1O-10

Soil dermal 3.4X1O-10 6.3x1O-13 I.4x1O-12 3.4 XI0-10

Subtotal 4.5 X1.O-10 1..6x10-12 2.2 X1O-1I 4.7 X1O-10

Inhalation:

AiI 1.2x1 o-8 1.5X1O-9 6.6X1O-10 1.4x1 o-8

Resuspension 1.2X1O-10 I.6x10-11 6.9x1O-I2 1.4X1O-10

Subtotal 1.2x1 o-8 1.5 X1 O-9 6.6X1O-10 1.4x1 o-8

Total 1.2x1o-8 1.5X1O-9 6.8X1O-10 1.5x1o-8

a. For the No-ActionAlternative,the involvedworker exposuresresult fromthe atmospherictransport of exposed
ParPond sediments. Theworker is not exposed to any carcinogenic contaminants.

b. Hazard index is the sum of hazard ouotients added across exDosure r)athwavs or pollutants.



Table C-44. Combined radiological doses associated with the No-Action Alternative and resulting health effects to the offsite maximally

exposed individual (c.orrent use),a

Probabili~y Probability
Individualannualdose(rem) of fatal Individuallifetimedose (rem)c of fatal

Exposure Pathway 1,-Lake Par Pond Conlbined cancerb L-Lake Par Pond Combined cancerb

Ingestion:

Soil 5.7.10-11 1.2.10-9 1.3.10-9 6.4x10-13 9.9.10-10 4.2x I0-8 4.3x I0-8 2.2.IWII

Soil Derlnal 1,1.10-11 2.4x10-lo 2.6x10-lo 1.3.10-13 2.0.10-10 8SXI0-9 8.7.109 4.3x I0-12

Leafy Vegetables 9.8.10-9 2.0.10-8 2.9x I&8 1.5.10-11 1.7.10-7 6.8.10-7 8.5.10-7 4.2x10-lo

Other Vegetables 7.7x I0-8 2.0x I@8 9.7.10-8 4,8.10-11 1.3.10-6 6.8x 10-7

Meat

2. OX IO-6 1.0.10-9

4.8x10-9 8.6x 10-9 1.3.10-8 6.7x Io12 8.3x I0-8 3.0.10-7 3.8.10-7 1.9.10-10

Milk 1.7.10-8 9.4. !0-8 1.!.10-7 5.6x 10-11 3.1.107 3.3x I0-6 3.6.10-6 L8x I09

Subtotal 1,1.10-7 1.4.10-7 2.5x I0-7 1.3.10-10 1.9x I0-6 5.OXIO-6 6.9x I06 3.5.10-9

Inhalation:

Air 4.0.10-8 2.4x I0-8 6.4x I0-8 3.2x I0-11 7.0.10-7 8.5x I0-7 1.5.lo-~ 7.7.10-!0

I<esuspensiol> 2.7x 10-11 2.4x10-Io 2.7x 10-lo 1.4,10-13 4.8x 10-lo 8.5x 10-9

Subtotal

9.0.10-9 4.5x I0-12

4.0.10-8 2.4x I0-8 6.4x I o-8 3.2.10-11 7.0.10-7 8.5x I0-7 1.5x I0-6 7.7.10-10

External:

Soil 0.0.100 6.4x I0-6 6.4.10-6 3.2x l&9 0.0.100 2.2x I0-4

Air 0.0.100

2.2x I0-4 1.1.10-7

3.1.10-10 3. I.10-10 1.5xlo-13 0.0.100 1. IX IO-8

Subtotal 0.0.100

1. IX IO-8 5.4x I0-12

6.4.10-6 6.4x I0-6 3.2.109 0.0.100 2.2.10-4 2.2x I0-4 1.1.10-7

Total 1.5.107 6.5.10-6 6.6% 10-6 3.3x l&9 2.6x I0-6 2.3x I0-4 2.3.104 1. fxlo-7

a. For the current land use scenario, the offsite maximally exposed individual is a member of the public residing at the SRS boundary,
b. Based on a risk of 0.0005 latent fatal cancers per person-rem of radiation exposure (NCRP 1993).
c. Based on a 70-year exposure period. Doses are corrected for radioactive decay over the exposure period,
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Table C-45. Combined radiological doses associated with the No-Action Alternative and resulting health effects to the offsite maximally

exposed individual (future use).a

Probability Probability
Individual annual dose (rem) of fatal Individual lifetime dose (rem). of fatal

Exposure Pathway L-Lake Par Pond Combined cancerb L-Lake Par Pond Combined cane.erb
Ingestion:

Finfisb 3.8.10-4 NAd 3.8,10-4 1.9.10-7 1.3x I0-2 NA 1.3.10-2 6.5.106
Leafy Vegetables 9.8.10-9 2.0.10-8 2.9x I0-8 I.5.1O-II 9.9.10-10 6.8.10-7 6.8X10-7 3.4,10-10
Other Vegetables 7.7x I0-8 2.0.10-8 9.7.10-8 4.8x 10-11 1,3.10-6 6.8.10-7 2.0.10-6 1.0.10-9
Meat 4.8x I0-9 8.6.10-9 1.3x I0-8 6.7x I0-12 8,3x I0-8 3.0.10-7
Milk 1.7x I0-8

3.8.10-7 1.9.10-10
9,4x I0-8 1.1.10-7 5.6x10-11 3. I.10-7 3.3x I0-6 3.6x I0-6 1.8x I0-9

Soil 6.9x 10-11 1.2.10-9 1.3.10-9 6.4.10-13 1.2x I0-9 4,2.10-8 4.4x1 o-8 2,2.10-1 I
Soil Dermal 1.7.10-9 2.4x10-lo 2.OXIO-9 9.8x I0-13 3.OXIO-8 8.5x I0-9

Subtotal
3.8x10-8 1.9,10-11

3.8x I04 1.4.107 3.8x1 O-4 1,9.10-7 I,3x1o-2 5.OXIO-6 1.3x I0-2 6.5x I0-6
Inhalation:

Air 4,3x I0-8 2.4x I0-8 6.7x I0-8 3.4,10-11 7,5.10-7 8.5x IO-7 1,6.10-6 8.0x IO-lo
Resuspension 3. IXIO-11 2.4x I0-10 2.8x I0-10 I.4.1O-I3 5.4.10-10 8.5xl&9 9.0.10-9 4.5.10-12

Subtotal 4,3x I0-8 2.5x I0-8 6.8.10-8 3.4,10-1 I 7.5,10-7 8.6.10-7 1,6.10-6 8.OXIO-lo
External:

Soil NA 6,4x I0-6 6.4.10-6 3,2x10-9 NA 2,2x I0-4 2,2x I0-4 I, IXIO-7
Air NA 3,1 XI0-10 3.1.lo-to 1.5.10-13 NA 1. IX IO-8

Subtotal

1. IXIO-8 5.4.10-12

0.o.1oo 6.4x I0-6 6.4x I0-6 3.2x10-9 0.0.100 2,2.10-4 2.2x I0-4 1. IX IO-7

Total 3,8x I0-4 6.5 XI0-6 3.8.10-4 I.9.1O-7 l,3x10-2 2.3.10-4 I,3x1O-2 6.6.10-6

a. Since there is no recreational use of Par Pond for the future land use scenario, the combined impacts are the same as those reported in Table c-2 for I,-Lake.
b. Based on a risk of 0.0005 latent fatal cancers per person-rem of radiation exposure (NCRP 1993).
c. Based on a 70-year exposure period. Doses are corrected for radioactive decay over the exposure period,
d. NA = not applicable; tbe contaminant is not transferred through the listed exposure pathway,



Table C-46. Combined radiological doses associated with the No-Action Alternative and resulting health effects to the getleral public.a

Population annual dose(person-rem) Number of Population lifetime dose (person-rem)c Number of

Exposure Pathway L-Lake Par Pond Combined fatal ~ancersb L-Lake Par Pond Combined fatal ~ancersb

Ingestion:

Soil 5.2x I0-7 4.2.10-7 9,4 XI0-7 4.7.10-10 9.OXIO-6 1.5.10-5 2,4x I0-5

Soil Dermal

1.2.10-8

1.0.10-7 8.5x 1(}-8 I .9.10-7 9.3,10-11 1.8.10-6 2.9x I0-6 4.7.lo-~ 2,4x I0-9

Leafy Vegetables 8.9x I0-5 6.8.10-6 9.6x I0-5 4.8x I0-8 1.6x I0-3 2,4x I0-4 l,8x10-3 9.0.10-7
Other Vegetables 7.0.10-4 6.8,10-6 7.1.10-4 3.5.10-7 1.2.10-2 2.4x I0-4 I,2XI0-’2
Meat

6.2.10-6

4.3 X1O-5 3.OXIO-6 4.6x I0-5 2,3x1 o-8 7.6x 10-4 1,OX1O-4 8,6x10-4

Milk

4.3 XI0-7

1.6x I0-4 3,3.10-5 1.9.10-4 9.6x I0-8 2.8x I0-3 1,1,10-3 3.9.10-3 2.0.10-6

Subtotal 9.9 X1O-4 5.OXIO-5 1.0.10-3 5.2x I0-7 1.7x I0-2 1,7.10-3 l,9x10-2 9.6x I0-6
Inhalation:

Air 3.6.10-4 8.5x I0-6 3.7.10-4 1.9XI0-7 6.3x I0-3 2.9x1 O-4 6.6.10-3 3.3.10-6

Resuspension 2.5x I0-7 8.5x I0-8 3,3. io-7 I.7XIO-10 4,3x I0-6 2;9x1o-6 7.3x I0-6 3.6x I0-9

Subtotal 3.6x I0-4 8.5.10-6 3.7.10-4 1.9 XI0-7 6.3x I0-3 2.9x I0-4 6.6x I0-3 3.3x I0-6

External:

Soil 0.0.100 2.2x I0-3 2.2.10-3 I, IX1O-6 0.0.100 7.7x I0-2 7,7x I0-2
Air

3.8x I0-5

0.0.100 1,1.10-7 I. I.1O-7 5.4.10-11 0.0.100 3,7x I0-6 3.7x I0-6 I ,9X10-9

Subtotal 0.0.100 2.2.10-3 2.2x I0-3 1.Ix Io-6 0.0.100 7.7.10-2 7.7x I0-2

Total

3.8x I0-5

1,4.10-3 2.2x I0-3 3,6x I0-3 1.8XI0-6 2,4x I0-2 7.6x 1o-2 1.0,10-1 5.0.10-5

a, Offsite population within 80 kilometers (50 miles) of SRS,
b. Based on a risk of 0.0005 latent fatal cancers per person-rem of radiation exposure (NCRP 1993),
c. Based on a 70-year exposure period. Doses are correctedfor radioactive decay over the exposureperiod,
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Table C-47. Combined nonradiological h~mdindexes associated with the No-Action Alternative for
members of the public (current use).a

Hazard index

Exposure pathway L-Lakeb Pm Pond Combined

In~estion:

Soil ~AC 6.7x1 O-7 6.7x I0-7

Soil dennal NA 5.ox1o-6 5.ox1o-6

Leafy vegetables NA l.lxlo-~ 1.1X1O-5

Othervegetables NA 1.2X10-5 I.2X10-5

Meat NA 5.1XIO-5 5.1X1O-5

Milk NA 5.6x1o-6 5.6x1O-6

Subtotal O.oxloo 8.7x1 O-5 8.7x1 O-5

Inhalation:

Air NA 6.1X1O-5 6.1x10-5

Resuspension NA 6.1x10-7 6.1x1O-7

Subtotal O.oxloo 6.1xIO-5 6.lx10-5

Total O.oxloo 1.5X1O-4 1.5X104

a. Nocwctiogenic constimentsmereleased tiomeitier L-L&e or P%Pond forcument lmduseundertie
No-ActionAlternative.

b. Nonradiologicalconstituentsnotreleased fromL-Lake.
c, NA=notapplicable; tiecontmtimt isnot~msfemed tiroughtie listed exposurepatiway.



Table C-48. Combined nonradiological hazard indexes and cancer risks associated with the No-Action Alternative for members of the public

(future use).a

Hazard index Annual cancer risk Lifetime
Exposure pathway L-Lake Par Pond Combined L-Lake Par Pondb Combined cancer riskc

Ingestion:

Fintish

Swimming

Swimming dermal

Shoreline dermal

Shoreline

Soil

Soil dermal

Leafy vegetables

Other vegetables

Meat

6.2x 1o-2

2.8x1 O-5

9.5.10-5

2.2.10-4

1s.10-5

NA

NA

NA

NA

NA

I Milk NA

NAd 6,2x 10-2 I,6x I0-7 NA 1.6x 10-7 1.1,10-5

NA 2.8.10-5 1.1,10-9 NA 1.1.10-9 7.7x I0-8

NA 9,5 XI0-5 4,4XI0-8 NA 4.4 XI0-8 3.1.10-6

NA 2.2.10-4 i ,0.10-7 NA 1.0,10-7 7.OXIO-6

NA 1,5.10-5 6.2.10-10 NA 6.2.10-10 4.3.10-8

6.7x I0-7 6.7x I0-7 NA NA NA NA

5.OXIO-6 5,0x I0-6 NA NA NA NA

1,1.10-5 1.1.10-5 NA NA NA NA

1.2.10-5 1.2 X10-5 NA NA NA NA

5,1 XI0-5 5.1.10-5 NA NA NA NA

5.6x I0-6 5.6.10-6 NA NA NA NA

Subtotal 6.2x I0-2 8,7.10-5 6.2x I0-2 3.1.10-7 0.0,100 3. I.1O-7 2,1x I0-5

Inhalation:

Air NA 6,1x I0-5 6. Ix IO-5 NA NA NA NA

Resuspension NA 6. Ix IO-7 6,1x10-7 NA NA NA NA

Subtotal O.o.1oo 6,1x I0-5 6. IxIO-5 0,0.100 0.0.100 0.0.100 0.0.100

Total 6.2x I0-2 1,5.10-4 6.2x 10-2 3. I.10-7 0.0.100 3.1.10-7 2.1.10-5

a. Assumes future recreatiorrai useof L-Lake.
b. Nocarcinogenic constituents prereleased from Par Pond for future land useunder tbe No-Action Alternative
c. Based ona70-year exposure period.
d. NA=t]ot applicabl% thecontaminal]t isnottransferred tllrough tllelisted exposure pathway.



Table C-49. Co[]]bil]ed itlvolved worker (currctlt tlse)radiological doses at]dresulti!)g i!npacts associated witlltlle No-Action Altertlative,

Individual annual dose (rem) Probability of Individual lifetime dose (re,n)c Probability of

Exposure pathway L-Lake Par Pond Combinedz fatal cancersb L-Lake Par Pond Combineda fatal cancersb

Ingestion:

Soil 1.4xlo-to 3.IXIO-7 3. IXIO-7 1.2.10-10 6.lx10-lo 1.5x I0-6 1.5x I0-6 5.9XI0-10

Soil der]nal 1.2XI0-11 2.6x1 O-8 2.6x10-8 I.OXIO-11 S.oxlo-11 1.2X10-7 1.2X10-7 4.8x 10-11

Subtotal I.sxlo-lo 3.4XI0-7 3.4XI0-7 1.3XI0-10 6.6XI0-10 1.6x lo-fJ 1.6XI0-6 6.3x10-10

Inhalation:

Air 5.0x l&8 ~Ae 5.OXIO-8 2,0XI0-11 2,2X10-7 NA 2,2X10-7 8.6XI0-11

Resuspension 6.8XI0-11 4.OXIO-9 4.OXIO-9 I.6x1O-I2 2.9x10-lo 1.9x I0-8 1.9x I0-8 7.5x I0-12

Subtotal 5.OXIo-8 4.OXIO-9 5.OXIO-8 2.OX1O-II 2,2 X10-7 1.9x I0-8 2,2 X10-7 8.6xlo-11

External:

Soil NA 4.2x1 O-4 4.2x I0-4 1.7XIW7 NA 2,0X103 2,0x I0-3 7.8x I0-7

Subtotal 0.0.100 4.2x I0-4 4.2x I0-4 1.7XI0-7 O,o.1oo 2.OXIO-3 2,0X10-3

Total 5.OXIO-8

7.8x I0-7

4.2x I0-4 4.2x I0-4 1.7xlo-7 2,2 X10-7 2.0 XIO-3 2,0 X10-3 7.9 XI0-7

a. Doses fronl tlletwo release sitcsare !lotadditive; tbecombined dose isthemaximum dose ofeither site,
b, Based onarisk of O.00041atent fatal cancers perperson-rem ofradiation exposure ~CRPl993).
c. Based ona5-year exposure period, Doses arecorrected forradioactive decay overthe exposure period,
d. NA=notapplicable; thecontaminant isnottransferred througb thelisted exposure patbway,



Table C-SO. Coinbit]ed involved worker population (currel~t use) radiological doses associated withtlle No-Action Alternative.

Population annual dose (person-rem)b Number of Population lifetime dose (person-rem)b,d Number of

Exposure pathway L-Lake Par Pond Combineda fatal cancersc L-Lake Par Pond Combineda fatal cancersc

Ingestion:

Soil 9.8x10-9 2,2.10-5 2.2x1 o-5 8.7x I0-9 4.3.10-8 1.0.10-4 1.0,10-4 4. Ix Io-8

Soil dermal 8.1x IO-lo 1.8.10-6 1,8.10-6 7.2x10-lo 3.5 X1O-9 8.5x I06 8.5.10-6 3.4.10-9

Subtotal 1.IXIO-8 2,4x I0-5 2.4x I0-5 9.4%10-9 4,6.10-8 1,1.10-4 1.IXIO-4 4.4.10-8

Inhalation:

Air 3.5x I0-6 NAc 3.5x I0-6 1,4%10-9 l,5xl&5 NA 1.5,10-5 6.OXIO-9

Resuspension 4.7.10-9 2.8x 10-7 2,8x1 O-7 I.lxlo-lo 2,1x I0-8 I,3x I0-6 1.3x I0-6 5.3.10-10

Subtotal 3.5x I0-6 2,8x I0-7 3.5xl&6 I.4X1O-9 1,5.10-5 I,3x I0-6 1.5.10-5 6. Ix IO-9

External:

Soil NA 2.9x I0-2 2.9x I0-2 I,2x I0-5 NA 1.4.10-1 1.4XI0-I 5.5 XI0-5

Subtotal 0.0.100 2.9x I0-2 2,9.10-2 1.2.10-5 0.0.100 I.4X1O-I 1.4,10-1 5.5 XI0-5

Total 3.5x I0-6 2,9.10-2 2,9.10-2 1.2.10-5 1.5.10-5 1,4XIOI 1.4.10-1 5.5 XI0-5

a. Doses from thetworelease sites arenotadditive; thecombined dose isthemaximum dose ofeithersite.
b. Thenumber ofinvolved workers isestimatedtobe 70.
c. Based onarisk of 0.00041atent fatal cancers perperson-rem ofradiation exposure (NCRPl993).
d. Based ona5-year exposure period. Doses arecorrected forradioactive decay overtbe exposure period.
e. NA=notapplicable; thecontaminant isnottransferred through thelisted exposure pathway.
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Table C-51. Combi]led involved worker (future use) radiological doses associated with the No-Action Alternative,

Individual annual dose (rem) Probabilityy Individual lifetime dose (rem)c Probability

Exposure Pathway L-Lake Par Pond Combineda of fatal cancerb L-Lake Par Pond Combineda of fatal cancerb

Ingestion:

Soil 3.1.10-9 6.7.10-6 6.7.10-6 2.7x I0-9 4.2.10-8 1.3,10-4 1.3.10-4 5. IXIO-8

Soil Dermal 1.9,10-10 4.2x I0-7 4.2x I0-7 1.7.10-10 2,6x10-9 8.0,10-6 8.OXIO-6 3.2x I0-9

Sl]btotal 3.3.10-9 7.1.10-6 7.1.10-6 2.9x I0-9 4.4x I0-8 1.4.10-4 1,4XI0-4 5.4.10-8

lnbalation:

Air 1.IX IO-6 NAd 1. IXIO-6 4.4.10-10 1.5.10-5 NA 1.5.10-5 5.9.10-9

Resuspension 1.5,10-9 8.8.10-8 8.8.10-8 3,5,10-11 2,0x I0-8 1.6.10-6 1,6.10-6 6.6,10-10

Subtotal 1.IXIO-6 8,8.10-8 l, IXIO-6 4.4xlo-fo 1.5.10-5 1,6x IO-6 1.5.10-5 5.9.10-9

External:

Shoreline 0,0.100 14A 0,0.100 0.0.100 0.0. I00 NA 0.0.100 0.0.100

Soil NA 2.3x I0-2 2.3x I0-2 9.4.10-6 NA 4.4.10-1 4.4 XI0-I 1.8x I0-4

Subtotal 0.0.100 2.3x10-2 2.3.10-2 9.4x I0-6 0.0.100 4.4.10-1 4.4.10-1 l,8x10-4

Total 1.IXIO-6 2,3x I0-2 2.3x I0-2 9.4x I0-6 L5X1O-5 4.4.10-1 4.4.10-1 1.8x I0-4

a. Doses from thetworelease sites arenotadditive; theco]nbined dose isthemaximum dose ofeither site.
b. Based onarisk of O.00041atent fatal cancers perpers6n-rem ofradiation exposure @CRPl993),
c, Based ona25-year exposure period. Doses arecorrected forradioactive decay overthe exposure period.
d. NA=notapplicable; thecontaminant isnottransferred through thelisted exposure pathway.



TabIe C-52. Cotnbi]led il]volvcd worker populatioil (future use) radiological doses associated with the No-Actiotl Alterl]ative.

Population annual dose (Person-rem)b Number of population lifetime dose (Person-rem)b,d Number of

Exposure pathway L-Lake Par Pond Combineda fatal cancersc L-Lake Par Pond Comhineda fatal cancersc

Ingestion:

Soil 2.2.10-7 4.7,10-4 4,7.10-4 I .9X 107 2.9x I0-6 8,9 xIO-3 8.9x 10-3 3.6.10-6

Soil dermal 1.3x I0-8 2.9x I0-5 2.9x I0-5 1.2x I@8 I,8x I0-7 5.6x I0-4 5.6x I0-4 2.2.10-7

Subtotal 2,3x I0-7 5.0.104 5,0 XI0-4 2.0X 107 3. IX IO-6 9.5.10-3 9.5 X1O-3 3.9x I0-6

Inhalation:

Air 7.7.10-5 NAe 7.7.10-5 3. Ix I&8 1,0.10-3. NA I.OX1O-3 4.!.10-7

Resuspension 1.0.10-7 6.2x I0-6 6.2x 1O-6 2,5x109 1.4x I0-6 I,2x I0-4 1.2x I0-4 4.6x 10-8

Subtotal 7.7X1O-5 6,2x I0-6 7.7xlo-5 3. Ix I&8 I,OXIO-4 I.2X10-4 1,0.10-3 4.1.10-7

External:

Soil NA l,6x100 1.6x 100 6.5x I0-4 NA 3.1,101 3,1 XIOI 1.2.10-2

Subtotal 0.0.100 1.6x100 1.6x100 6.5.104 0.0.100 3.1.101 3.1,101 1.2.10-2

Total 7.7.10-5 l,6x100 l,6x100 6.5x I0-4 1.OXIO-3 3.1.101 3.1.101 1.2.10-2

a. Doses from thetworelease sites arenotadditive; thecombined dose istbemaximum doseofeithcrsite.

b. Thenumber ofinvolved workers isesti]mated to be70,

c. Based onarisk of 0,00041atent fatal ca.cers perperson-rem ofradiation exposure (NCRPl993).

d. Based ona25.year exposure period. Doses arecorrected forradioactivc decay overthe exposure period,

e. NA=notapplicable; thecontaminant isnottransferred through thelisted exposure pathway.
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Table C-53. Colmbined uninvolved worker radiological doses and resulting itnpacts associated with the No-Action Alterllative.a

Individual annual dose (rem) Probability of Individual lifetime dose (rem)c Probability of

Expnsure pathway L-Lake Par Pond Combined fatal cancerb L-Lake Par Pond Combined fata] cancerb

Ingestion:

Soil 5.5.10-11 5.8x I0-12 6.1x IO-11 2.4.10-14 7.4.10-10 1.1.10-10 8.5x10-Io 3.4.10-13

Soil dermal 3.5x I0-12 3.6x I0-13 3.9x I0-12 1.5.10-15 4.7X10-1I 6.9x I0-12 5.4.10-11 2.2x I0-14

Subtotal 5.8x 10-11 6.2x I0-12 6.5x10-11 2.6x1OI4 7.9.1010 1.2XI0-10 9.0.10-10 3.6x I0-13

Inhalation:

Air 2,0x lo-~ 1,1.10-10 2,0.10-8 7.8x I0-12 2,6.10-7 2.1.10-9 2.6x I0-7 1,1.10-10

Resuspension 2.7x 10-11 1.2,10-12 2,8x1 O-II 1.1,1014 3.6xl&lo 2.3x10-11 3.9.10-10 1.5.10-13

Subtotal 2.0.10-8 I.2X1O-10 2.0,10-8 7.9x I0-12 2.6xl@7 2.3x1 o-9 2.6.10-7 1.1.10-10

External:

Soil NAd 2.OXIO-8 2,0x l&8 8. IXIO12 NA 3.8x I0-7 3.8x I0-7 1,5.10-10

Air NA 9.9,10-13 9.9.10-13 4.ox1o-I6 NA 1.9,10-11 1.9.10-11 7.4,10-15

Subtotal 0.0,100 2.0.10-8 2,0.10-8 8.Ix Io-12 O.o.1oo 3.8x I0-7 3.8x I0-7 1.5x10-lf3

Total 2,0.10-8 2,0x l&8 4,0.108 I.6x1O-II 2.6x I0-7 3.8x I0-7 6.5x I0-7 2.6x10-lo

a. The maximally exposed uninvolved worker is located in L-Area.

b. Based on a risk of 0,0004 latent fatal cancers per person-renr of radiation exposure (NCRP 1993).
c. Based on a 25-year exposure period. Doses are corrected for radioactive decay over the exposure period.
d. NA = not applicable; tbe contaminant is not transferred through the listed exposure pathway,



Table C-54, Combined uninvolved worker population radiological doses and resulting impacts associated with the No-Action Alternative.a

Population annual dose(person-rem) Number of Population lifetime dose(person-rem)c Number of

Exposure pathway L-Lake Par Pond Combined fatal cancersb L-Lake Par Pond Combined fatal cancersb
Ingestion:

Soil 1,4x 10-8 1.5.10-9 I,5x1o-8 6. Ix Io-12 1.9.10-7 2.8.10-8 2. IXIO-7 8.5x I0-11
Soil dermal 8,8.1O-10 9.2x I0-11 9.7.10-10 3.9.10-13 1.2x I0-8

Subtotal
1.7.10-9 1.4.10-8 5.4x10-12

1.5x I0-8 1.6x I0-9 1.6,10-8 6.5x I0-12 2.0.10-7 2.9.10-8 2,3.10-7 9. I.10-11
Inhalation:

Air 4.9x 1o-6 2.8.10-8 4,9.10-6 2.0.10-9 6.6.10-5 5.3X1O-7 6.6.10-5 2.7x IO-8
Resuspension 6.8.10-9 3,1xlo-fo 7.1.10-9 2.8x1o-I2 9. IXIO-8 5.8x I0-9 9.7.10-8 3.9,10-11

Subtotal 4.9x I0-6 3,1x I0-8 4,9.10-6 2,0 X10-9 6.6x I0-5 5.8.10-7 6.6x10-5 2.7x I0-8
External:

Soil NAd 5,1.10-6 5. IXIO-6 2.OXIO-9 NA
Air NA

9.6x 1O-5 9.6x 1O-5 3.8x1 o-8
2.5x10-lo 2.5x10-lo 9.9.10-14 NA 4.7.10-9 4.7.10-9 1.9.10-12

Subtotal 0.0.100 5,1x I0-6 5. Ix1o-6 2,0.10-9 0.0.100 9.6.10-5 9.6.10-5 3.8,10-8
Total 4.9x I0-6 5. IXIO-6 1.0.10-5 4.0.10-9 6.6 X1O-5 9.7.10-5 I,6x I0-4 6,5x Io-8

a. L-Area; total uninvolved workers is estimated to be 25 I (Simpkins 1996),
b, Based on a risk of 0.0004 latent fatal cancers per person-rem of radiation exposure (NCRP 1993),
c. Based on a 25-year exposure period. Doses are corrected for radioactive decay over tbe exposure period,
d. NA = not applicable; tbe contaminant is not transferred through the listed exposure pathway.



Table C-55. Colnbit~ed t]ol]radiological hazard indexes and cancer risks associated with the No-Action Alternative for the involved worker

(current use).

Hazard index Annual cancer risk Lifeti!ne
Exposure pathway L-Lake Par Pond Combineda L-Lake Par Pondb Combineda cancer riskc

Shoreline deroral 1.5x I0-6 NAd 1.5x I0-6 7. O.1O-10 t4A 7.0.10-10 3.5.10-9

Shoreline 2. IxIb4 NA 2. IXIO-4 8.4.10-9 NA 8.4x I0-9 4.2x 1o-8

Soil NA 6.8.10-’5 6.8 XI0-6 NA NA 0,0.100 0.0,100

Soil dermal NA 2.4x I0-5 2.4x I0-5 NA NA 0.0.100 0.0.100

Subtotal 2.1.10-4 3.0.10-5 ‘ 2,1x I0-4 9. IX1O-9 0.0.100 9.1.10-9 4,5x I0-8

Inhalation:

Resuspension NA 4.8x I0-7 4.8xl&7 NA NA 0.0.100 0,0.100

Subtotal O.oxloo 4.8xI0-7 4.8xl@7 NA O.oxloo 0.0.100 0.0.100

Total 2. IXIO-4 3.1.10-5 2. IXIO-4 9.1.10-9 0.0,100 9.1.10-9 4.5.10-8

a, Hazard indexes and cancer risks from the two release sites are not additive; the combined result is the maximum of either site.
b. No carcinogenic constit(lents are released from Par Pond for current land use under the No-Action Alternative.
c. Based on a 5-year exposure period.
d. NA = not applicable; tbe contaminant is not transferred tbrougb tbe listed exposure pathway.
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Table C-56. Co!nbined nonradiological hazard indexes and cancer risks associated with the No-Action A Iterative for the involved worker

(future use),

Hanird index Annual cancer risk Lifetinre

Exposure pathway L-Lake Par Pond Combined~ L-Lake Par Pondb Combineda cancer riskc
Ingestion:

Shoreline dermal 2.5x 10-5 NAd 2.5.10-5 1,2.10-8 NA 1.2x I0-8 2.9x I0-7
Shoreline 2.3x I0-5 NA 2,3x I0-5 9.2x10-lo NA 9.2x10-lo
Soil NA

2.3x I0-8
1.6x 10-4 I,6x10-4 NA NA 0.0.100 0.0.100

Soil dermal NA 3.9.10-4 3.9.10-4 NA NA 0.0.100 0.0,100
Subtotal 4.8x I0-5 5.5.l@4 5.5,10-4 1.3x I0-8 0.0,100 1.3x I08 3.1.10-7
Inhalation:

Resuspension NA 1,1.l&5 1.1.10-5 NA NA 0.0,100 O.oxloo
Subtotal 0.0,100 l,lxl&5 1.1.10-5 0.0.100 0,0.100 O.oxloo 0.0.100
Total 4.8.10-5 5.6.10-4 5.6.10-4 1,3.10-8 0.0.100 1.3x I0-8 3.1.10-7

a. Hazard indexes and cancer risks from the two release sites are not additivq the combined result is the maximuln of either site.
h. No carcinogenic cotlstituents are released from Par Pond for current land use under the No-Action Alternative.
c. Based ona25-vear cxoosureueriod.
d. NA=notappl~able; ~hecont~rninant isnottransferred through thelisted exposure pathway,
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Table C.57. Combined nonradiological hazmdindexes associated withthe No-Action Alternative for
uninvolved workers.a

Hazard index

Exposure pathway L-Lakeb Par Pond Combined

Ingestion:

Soil NAC 1.3.10-10 I.3X1O-10

Soil Dermal NA 3.4 XI0-10 3.4 X1O-10

Subtotal 0.0.100 4,7 X1O-10 4.7 X1O-10

Inhalation:

Air NA 1.4x1o-8 I.4x1o-8

Resuspension NA 1.4XI0-10 1.4X1O-10

Subtotal 0.0.100 1.4x1o-8 1.4x I0-8

Total 0.0.100 1.5x1o-8 1.5x1 o-8

a. No carcinogenic constituentsare relesed from eitherL-Lakeor Par Pond for cwent land use under the
No-ActionAlternative. The uninvolvedworker is locatedin L-Area..

b. Nonradiologicalconstituentsnot releasedtiom L-Lake.
c. NA = not applicable;the contaminant is not tmnsferredtbsough the listed exposure pathway.



Table C-58. Combitled radiological doses associated with the Shut Down and Deactivate Alternative and resulting healtl) effects to the offsite

maximally exposed iadividaal,

Individual anrjual dose (rem) Probability Individual Ii fetin]e dose (rei”)b Probability

Expos~Irc PaOl\vay L-Lake Par Pond Cotnbined of fatal cancera L-Lake Par Pond Combined of fatal canccra

Ingestion:

Drinking Water 2,5 X10-9 NAc 2.5.10-9 1.2.10-12 1.6.10-7 NA 1.6x 10-7 8.1 XIO-11

Finfisb 1. IXIO-8 NA I. IXIO-g 5.4x I0-12 4.9.10-7 NA 4.9.10-7 2,5.10-10

Swimming 4.1x Io-t2 NA 4.lx1012 2.1.1015 2.7x10-lo t4A 2,7x10-lo 1.3.10-13

Swimming Dcnnal 2.7x10-lo NA 2.7xl@lo 1.4.lo-t3 1.9x I0-8 NA 1.9.10-8 9.4x1o-I2

Shoreline DcrInal I,8x10-12 NA 1.8x10 -12 8.9x I0-16 I,2XI0-10 NA

Shorciinc

1.2.1010 6.2.10-14

1.1.10-13 NA 1,1.10-13 5.4.1O-I7 7.0x Iv12 NA 7.OX IO-12 3.5.10-15

Soil 7.5x I0-12 1.2x I0-9 1.2 X10-9 6.1x IO-13 3.6x10-lo 4.2.10-8 4.3x I0-8 2. IX IO-11

Soil Dcrmal 3.4 XI0-10 2,4x10-lo 5.8x10-lo 2.9x I0-13 2.4x108 8.5.10-9 3,2.10-8 1.6x I0-11

Le:lfy Vcgelables 4.5x I0-8 2.0.10-s 6.4x I0-8 3.2x10 -[1 2.2x I0-6 6.8,10-7 2.8x I0-6 1.4.10-9

Other Vege[abics 4.2.10-8 2. OXIO-8 6. IX IO-8 3.1.l&ll 2.0.10-6 6.8.10-7 2.7x I0-6 1.3.10-9

Meat 1.2x I0-8 8,6x 10-9 2.OXIO-8 1.0.10-1! 4. I.10-7 3. O.10-7 7. I.10-7 3.5.10-10

Milk 1.3.10-7 9.4x I0-8 2,3x I0-7 I.1.lo-lo 4.8x1 o-6 3.3.10-6 8. OXIO-6 4. O.10-9

Subtotal 2.5x I0-7 1.4. {0-7 3.9.10-7 2.8x10 -[o 1.O.10-5 5. OXIO-6 1.5.10-5

hrbalation:

7.5.10-9

Air 9.7x I0-8 2.4x I0-8 1.2x I07 6,1x10-11 6.7.10-6 8.5x l&7 7.6.10-6 3.8x I0-9

Resuspension 8.4.10-1o 2.4x10-lo 1. IX IO-9 5.4.10-13 5.9x 1o-8 8.5x I0-9

~t!btotal

6.7.108 3.4xlo-11

9.7x I0-8 2.4.10-8 1.2x I0-7 6. Ix Io-11 6.8,10-6 8.5.10-7 7.7.10-6

External:

3.8x I0-9

S\vimming 9.4.10-14 NA 9.4.10-14 4.7.10-17 2.6x I0-12 NA 2.6x I0-12 I,3XI0-15

Boating 4.7.10-14 NA 4.7.10-14 2.4x I0-17 1.3.10-12 NA 1.3x I0-12 6.6,10-16

Shoreline 2.4x I0-12 NA 2.4%10-12 1.2.10-15 6,7. [0-[1 NA

SOil
6.7x10-11 3.4.10-14

7.5x I0-8 6.4x I0-6 6.4.10-6 3.2x 10-9 2.7x I0-6 2.2.10-4 2.2.10-4 1.1,10-7

Air 4.3.10-12 3.1.1o-1o 3. I.10-10 1.6x10-13 1.5.10-10 1.IXIO-8 1.IxI08
Subtotal

5.4x I0-12

7.5x I0-8 6.4x I0-6 6.4x 10-6 3.2x I0-9 2.7.10-6 2.2x I0-4 2.2.10-4
Total

1. IX IO-7

4.2x I0-7 6.5.10-’5 6.9.10-6 3.5.10-9 1.9.10-5 2.3.10-4 2.4.10-4 1.2x I07

a, f3ased on a risk of 0.0005 latent fatal cancers per pevso!,-rcm of radiatio,l exposure ~CRP 1993).

b. Based on a 70-year cxpos”re period. Doses are corrcctcd for radioactive decay over the exposure period,

c. NA = not applicable [be contaminant is IIOt transferred tbrougb tbe Iis[cd exposure pathway.
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Table C-59. Combined radiological doses associated with the Shut Down and Deactivate Alternative and resultiog health effects to the general

public,a

Population annual dose (perso!)-rcjn) Number of Population lifetime dose (person-rem). Number of

Exposure Palhway L-Lake Par Pond Combined fatal canccrb L-Lake Par Pond Combined fatal canccrb

Ingestion:

Drinking water 3.5.10-5 NAd 3.5,10-5 1.8.108 2.3.10-3 NA 2,3x I0-3 1,1.10-6

Soil 7.6x l&9 4.2x I0-7 4.3.10-7 2.2.10-10 3.5.10-7 1.5.10-5 1.5.10-5 7.5.109

Soil f3crnral 2.9.10-7 8.5.10-8 3.7.10-7 1.9.10-10 2.0.10-5 2.9.10-6 2.3x }0-5 1,1.10-s

Leafy Vcgc(ables 4.6.10-5 6.8,10-6 5.3.10-5 2.6.10-8 2.1.103 2,4.10-4 2.3x I0-3 L2x10J6

Other Vegetables 4.3.10-5 6.8.10-6 5.0.10-5 2.5.10-8. 2.OX I 03 2.4x I0-4 2,2.10-3 1. Ix I&6

Meat 1.3.10-5 3.OXIO-6 1.6x I05 8. fxIo-9 4.6x I0-4 1.0,10-4 S.6X10-4 2.8x10-7

Milk 1.5.10-4 3.3.10-5 L8x104 9.2x108 5.3,10-3 1.1.10-3 6.5x I0-3 3.2x I0-6

Subtotal 2.9x 10-4 5.0.10-5 3.4,10-4 I.7.1O-7 1.2.10-2 1.7x lo-3 1.4x I0-2 7.0.10-6

inhalation:

Air 8.2x I0-5 8,5x I0-6 9. I.10-5 4.5x I0-8 5.7.10-3 2.9.10-4 6.0x I03 3. OX IO-6

Resuspension 7.1.10-7 8.5.10-8 8.0x IO-7 4.0.10-10 5.0.10-5 2.9x I@6 5.3.10-5 2.6x I0-8

Sublotal 8.3x I0-5 8.5x I0-6 9. IX IO-5 4.6x I0-8 5.8x I0-3 2.9x I0-4 6,1x I0-3 3.0x l&6

External:

Soil 8.5 XI0-5 2.2x I0-3 2.3.10-3 LIXIO-6 3.oxl@3 7.7x I0-2 8.0x IO-2 4.0,10-5

Air 4.9,10-9 1.1.10-7 1.1.10-7 5.6x10-11 1.7.10-7 3.7x I@6 3.9x I0-6 L9XI0-9

S[]btotal 8.5x I0-5 2.2.10-3 2.3x I0-3 1. IX IO-6 3. O.10-3 7.7.10-2 8.0x IO-2 4. O.105

Total 4.6x I04 2.3x I0-3 2.7.10-3 1.4x I0-6 2.lx[@2 7.6.10-2 9.7x I0-2 4.9 XI0-5

a, For atrnospberic pathways, offsitc popldation \vithin 80 kilometers (50 miles) of SRS; for aqueous pathway, downstream population!]tlsing Savannah River as a drinking

water so.rcc.

b. Based on a risk of 0.0005 latent fatal cancers per person-rem of radiation exposure (NCRP 1993).

c. Based on a 70-year exposure period, Doses arc corrected for radioactive decay over tbc exposure period,

d, NA = not applicabl% the contaminant is not transferred through the listed exposure pathway.



Table C-60. Combi!led nonradiological hazard indexes and cancer risks associated with the Shut Down and Deactivate Alternative for members

of the public.

Hazard Index Annual cancer risk Lifetime
Exposure Pathway L-Lake Par Pond Combined L-Lake Par Pond Combined cancer riska

Ingestion:

Drinking Water 1.6x10-3 NAb 1.6x 10-3 4.9.10-11 NA 4.9,10-1[ 3.4.10-9

Fintish 2,1.10-1 NA 2.1.10-1 5,4XI0-11 NA 5,4.10-1) 3.8x I0-9

Swimming 2,7x I0-6 NA 2.7x I0-6 8,0x I0-14 NA

Swimming Dermal

8.0x IO-14 5.6x I0-12

6.8x 10-7 NA 6,8x I0-7 4.7,10-13 NA 4,7X 10-13 3,3.10-11

Shoreline Dermal 4.6x I0-9 NA 4.6x I0-9 3.2x I0-15 NA 3.2x I0-15 2,2.10-13

Shoreline 7,3.10-8 NA 7.3x I0-8 2.1.10-15 NA 2,1x I0-15 1.5.1013

Soil 3.1.10-7 6.7x I0-7 9,8x 10-7 6.3x I0-13 t4A 6,3x I0-13 4,4.10-11

Soil Dermal 7.5.10-7 5.OXIO-6 5.7x I0-6 6.4x1O-I2 NA 6,4x I0-12 4.5.10-10

Leafy Vegetables I .9.10-3 1.1.10-5 1.9.10-3 3.8x1 O-9 NA 3.8x I0-9 2.6x I0-7

Other Vegetables I,7X1O-3 I .2.10-5 I .7.10-3 3.3.10-9 NA 3.3.10-9 2.3.10-7
Meat 1,4.10-3 5.1.10-5 l,4xl&3 1,3,10-10 NA 1.3.10-10 9,1 XI0-9

Milk 2.2.10-3 5.6x I0-6 2.2x I0-3 1.2.10-10 NA I.2X1O-10 8. Ix1O-9

Subtotal 2.2.10-1 8.5x I0-5 2.2.10-1 7.5.10-9 0.0.100 7.5.10-9 5.2x I0-7

Inhalation:

Air 3.5 XI0-5 6. IxIO-5 9.6x I0-5 5.OXIO-10 NA 5.0.10-10 3.5x I0-8

Resuspension 3.0,10-7 6,1x10-7 9.1.10-7 4.3x10-12 NA

Subtotal

4.3.10-12 3.0,10-10

3,5xl&5 6. Ix IO-5 9,6.10-5 S.oxlo-lo O.oxloo 5.0.10-10 3,5x I0-8

Total 2.2,10-1 1.5.10-4 2.2.10-I 8.OXIO-9 0.0.100 8.OXIO-9 5.6x I0-7

a. Based on a 70-year exposure period,
b. NA = not applicabl% the contaminant is not transferred through the listed exposure pathway,
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Table C-61. Cotnbined involved worker (current use) radiological doses associated with the Shut Down and Deactivate Alternative.

Probability of Probability of
Individual annual dose (rem) fatal Individual lifetime dose (rem)c fatal

Exposure Pathway L-Lake Par Pond Combineda cancerb L-Lake Par Pond Combineda cancerb

Ingestion:

Soil 3.5.107 3. I.1O-7 3.5.10-7 I.4. IO-10 I,7x I0-6 1.5.10-6 1.7.106 6.8.10-10

Soil Dermal 5.2x I0-6 2.6x I0-8 5.2x I0-6 2. IXIO-9 2.6x10-5 I ,2.10-7 2,6.10-5 1.OXIO-8

Subtotal 5.6x I0-6 3.4.10-7 5.6x I0-6 2,2x I0-9 2.8x I0-5 1.6x IO-6 2,8.10-5 1.IXIO-8

Inhalation:

Resuspension I.3.1o-6 4.0.10-9 1.3.10-6 5.4,10-10 6,7.10-6 1,9x I0-8 6.7x I0-6 2.7.10-9

Subtotal I,3x1o-6 4.0.10-9 1.3.106 5.4.10-[0 6.7.10-6 L9x1o-8 6.7x I0-6 2,7.10-9

External:

Soil 2,4x 10-4 4.2x10-4 4,2x I0-4 1.7,10-7 i.lxlo-3 2,0x I0-3 2,0x I0-3 7,8x107

Subtotal 2.4.10-4 4.2x 1o-4 4,2x I0-4 1.7,10-7 1.1.10-3 2,0x I03 2,0x I0-3 7.8x I0-7

rOtal 2,4.10-4 4.2x I0-4 4.2x I0-4 1,7,10-7 1.1.10-3 2.OXIO-3 2,0.10-3 7.9.10-7

a. Doses from the two release sites are not additive; tbe combined dose is the maximum dose of either site,
b. Based o. a risk of 0.0004 latent fatal cancers per person-rem of radiation exposure (NCRP 1993),
c, Based on a 5-year exposure period. Doses are corrected for radioactive decay over the exposure period.



Table C-62. Cotnbined involved worker population (current use) radiological doses associated with the Shut Down and Deactivate Alternative,

Population annual dose (person-renr)a Number of Population lifetime dose (person-rem~,d Number of

Exposure Pathway L-Lake Par Pond Combinedb fatal cancersc L-Lake Par Pond Combinedb fatal carrcersc

Ingestion:

Soil 2,5.10-5 2,2.10-5 2.5x 1O-5 9.8x I0-9 I,2x I0-4 1.0.10-4 1.2 X10-4 4.8x I0-8

Soil Dermal 3.6x1 O-4 I.8X1O-6 3.6x I0-4 1,5.10-7 1.8.10-3 8.5x I0-6 1.8x I0-3 7.3.10-7

Subtotal 3.9.10-4 2.4x I0-5 3.9 XI0-4 1,6.10-7 I ,9.10-3 1. IX IO-4 1.9 XI0-3 7,8.10-7

Inhalation:

Resuspension 9.4 x 10-5 2.8x I0-7 9.4,10-5 3.8x I0-8 4.7.10-4 I,3x1o-6 4.7.10-4 1.9.10-7

Subtotal 9.4,10-5 2.8.10-7 9.4.10-5 3.8x I08 4.7.10-4 I,3x I0-6 4,7.10-4 1.9.10-7

External:

Soil l,7x10-2 2,9x I0-2 2.9x I0-2 I,2x I0-5 7.7x I0-2 1.4 XI0-I 1.4.10-1 5.5.10-5

Subtotal 1.7x I0-2 2.9x I0-2 2.9x I0-2 1.2x I0-5 7.7x I0-2 1.4.10-1 1.4.10-1 5.5.10-5

Total 1.7.10-2 2,9.10-2 2,9.10-2 I,2x I0-5 7.9.10-2 1.4.10-1 1.4.10-1 5.5.10-5

a. The number of involved workers is estimated to be 70.
b. Doses from the two release sites are not additiv~ the combined dose is the maximum dose of either site,
c. Based on a risk of 0.0004 latent fatal cancers per person-rem of radiation exposure (NCRP 1993),
d. Based on a 5-year exposure period, Doses are corrected for radioactive decay over the exposure period.

9 ----- -9 ---- ------ -



Table C-63. Com biaed involved worker (future use) radiological doses associated with the Shut Down and Deactivate Alternative.

Individual annual dose (rem) Probability of Individual lifetime dose (rem). Probability of

Exposure Pathway L-Lake Par Pond Combineda fatal cmrcerb L-Lake Par Pond Combineda fatal cancerb

Ingestion:

Soil 7.7x I0-6 6.7x I0-6 7.7x I0-6 3.1.10-9 L7.1O-4 1.3.10-4 1,7.10-4 6.8.10-8

Soil Dermal 8.7x1 O-5 4.2x I0-7 8,7.10-5 3.5.10-8 2,2.10-3 8,0.10-6 2.2.10-3 8.7x I0-7

Subtotal 9,4,10-5 7. IXIO-6 9.4,10-5 3.8x I0-8 2,3x I0-3 1.4,10-4 2.3x I0-3 9.3.10-7

Inhalation:

Resuspension 2.9x I0-5 8.8.10-8 2,9x I0-5 I.2x1o-8 7.3,10-4 I,6XI0-6 7.3,10-4 2.9.10-7

Subtotal 2.9x I0-5 8.8.10-8 2.9.10-5 1.2.10-8 7.3.10-4 I.6.1O-6 7.3.10-4 2,9x I0-7

External:

Soil 4,1x I0-2 2.3x I0-2 4,1x I0-2 1.6.10-5 7.4.lo-t 4.4.10-1 7,4.10-1 3.0.10-4

Subtotal 4,1x10-2 2.3x1 o-2 4. Ix1o-2 1.6x I0-5 7.4.10-1 4.4,10-1 7,4,10-! 3.0.10-4

Total 4. IXIO-2 2,3x I0-2 4.1.10-2 1.6x10-5 7.5.10-1 4.4.10-1 7.5.10- I 3.O.10-4

a. Doses from the two release sites are not additive; the combined dose is the maximum dose of either site.
b, Based on a risk of 0.0004 latent fatal cancers per person-rem of radiation exposure @CRP 1993).
c. Based on a 25-year exposure period, Doses are corrected for radioactive decay over tbe exposure period,



Table C-64. Cotnbined involved worker population (future use) radiological doses associated with the Shut Down and Deactivate Alternative.

Population annual dose (person-rem}l Number of Population lifetime dose (person-rem)a,d Number of

Exposure Pathway L-Lake Par Pond Combinedb fatal cancersc L-Lake Par Pond Combinedb fatal cancersc

Ingestion:

Soil 5.4.10-4 4.7.10-4 5,4.10-4 2,2.10-7 1.2,102 8.9.10-3 1.2.10-2 4,8.10-6

Soil Dermal 6. IxIO-3 2,9x I0-5 6.1x IO-3 2,4.10-6 1.5.10-1 5.6x I0-4 1.5.10-1 6.1.10-5

Subtotal 6.6x I0-3 5.0.10-4 6.6x10-3 2.6x I0-6 1.6x10-I 9.5.10-3 I.6x1O-I 6.5x I0-5

Inhalation:

Resuspension 2.0.10-3 6.2x I0-6 2,0.10-3 8.2.10-7 5.1x Io-2 1.2.10-4 5. IxIo-2 2.0.10-5

Subtotal 2.OXIO-3 6.2x I0-6 2.OXIO-3 8.2x10-7 5,1x10-2 1,2.10-4 5. Ix Io-2 2.0.10-5

External:

Soil 2.9x IO0 1.6xIO0 2.9xIO0 1.1.10-3 5.2x10-l 3.1.101 5.2.101 2,1.10-2

Subtotal 2,9x100 1.6x10o 2.9x100 1.1.10-3 5.2x10-I 3.1.101 5.2x101 2.1.10-2

Total 2.9x100 1.6x100 2.9xi Oo 1.1.10-3 5.2x10-I 3.1.101 5.2.101 2. I.1O-2

a. Doses from tbe two release sites are not additive; the combined dose is the maximum dose of either site.
b. The number of involved workers is estimated to be 70,
c. Based on a risk of 0,0004 latent fatal cancers per person-rem of radiation exposure (NCRP 1993).
d. Based on a 25-year exposure period. Doses are corrected for radioactive decay over the exposure period,
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Table C-65. Combioed uninvolved worker radiological doses and resulting impacts associated with the Shut Down and Deactivate Alternative,a

Individual annual dose (rem) Probability of Individual lifetime dose (rem)c Probability of

Exposure Pathway L-Lake Par Pond Combined fatal cancerb L-Lake Par Pond Combined fatal cancerb

Ingestion;

Soil 6.3x I0-11 5.8.10-12 6.8,10-11 2.7x I0-14 1.4.10-9 1,1.10-10 1.5.10-9 6.0.10-13

Soil Dermal 1.1.10-9 3.6x10-13 1,1.10-9 4.3.l&13 2,7x I0-8 6.9x I0-12 2.7x I0-8 1.1.10-11

Subtotal 1.1,10-9 6.2x I0-12 I,2x1o-9 4.6x I0-13 2.8.10-8 1.2,10-10 2.9.10-8 1,1.10-11

Inhalation:

Air 1. IXIO-6 1.1.10-10 I, IX IO-6 4.4.10-10 2.8x I0-5 2,1.10-9 2.8x I0-5 1. IX IO-8

Resuspension 1,2.10-8 1.2.10-12 1.2x I0-8 4.8x I0-12 3.0,10-7 2.3x I0-11 3.0.10-7 1.2.10-10

Subtotal I, IXIO-6 1,2.10-10 1. IX IO-6 4.5,10-10 2.8x I0-5 2.3x I0-9 2.8x I0-5 1,1.10-8

External:

Soil 3.3.10-7 2,0x I0-8 3.5.10-7 1.4.10-10 6. IXIO-6 3.8x I0-7 6.4x I0-6 2.6.10-9

Air 1.5.10-11 9.9.10-[3 1.6.10-[1 6.4x I0-IS 2.7x10-lo I.9.1O-II 2.9x10-lo I.2X10-13

Subtotal 3,3.10-7 2,0.10-8 3.5.10-7 1.4.10-10 6.1.10-6 3.8x I0-7 6.4x IO-6 2.6.10-9

Total 1,5.10-6 2.0.10-8 1.5.10-6 5.9.10-10 3.4.10-5 3.8x I0-7 3.5.10-5 1.4x I0-8

a. The maximally exposed uninvolved worker is located in L-Area,
b. Based on a risk of 0,0004 latent fatal cancers per person-rem of radiation exposure (NCRP 1993).
c, Based on a 25-year exposure period, Doses are corrected for radioactive decay over the exposure period.



Table C-66. Combined uninvolved worker population doses and resulting impacts associated with the Shut Down and Deactivate Alternative.a

Population annual dose (person-rem) Number of Population IiRime dose (person-rem)c Number of
Exposure Pathway L-Lake Par Pond Combined fatal cancersb L-Lake Par Pond Combined fatai cancersb

Ingestion:

Soil 1.6.10-8 1.5,10-9 1.7x I0-8 6.9x10-12 3,5.10-7 2.8x1 o-8 3.8x1 O-7 1.5.10-10

Soil 13ermal 2.7xl V7 9.2x10-II 2.7x1 O-7 I. IX IO-10 6.8,10-6 1.7.10-9 6.8.10-6 2.7x I0-9

Subtotal 2.9x10-7 I,6x I0-9 2.9x1 o-7 I.zxlo-lo 7. Ix1o-6 2,9x I0-8 7,2x I0-6 2.9x1 o-9

Inhalation:

Air 2.8x10-4 2.8.10-8 2,8x I0-4 I, IX IO-7 7.0,10-3 5.3.10-7 7.0.10-3 2.8x I0-6

Resuspension 3.OXIO-6 3. I.10-10 3.0.10-6 1.2x I0-9 7.5.10-5 5.8x I0-9 7.5,10-5 3.ox1o-8

Subtotal 2,8x I0-4 3,1.lo-~ 2.8x I0-4 1,1.10-7 7.0.10-3 5,8.10-7 7.0.10-3 2.8x I0-6

External:

Soil 8.3x I0-5 5. IX IO-6 8.9x I0-5 3,5x I0-8 1.5.10-3 9.6x 1o-5 1.6x I0-3 6.5x I0-7

Air 3.8x I0-9 2,5x10-lo 4. OXIO-9 l,6xl&12 6.9x I0-8 4.7,10-9 7.3x I0-8 2.9x I0-11

Subtotal 8.3x 10-5 5. IXIO-6 8.9x I0-5 3.5x1 o-8 1.5.10-3 9.6.10-5 1.6x10-3 6.5x I0-7

Total 3.7.10-4 5. IX IO-6 3.7.10-4 1.5 XI0-7 8,6x I0-3 9.7.10-5 8.7x I0-3 3.5x I0-6

a. L-Area, Total uninvolved workers is estimated to be 251 (Simpkins 1996).
b. Based on a risk of 0.0004 latent fatal cancers per person-rem of radiation exposure (NCRP 1993),
c. Based on a 25-year exposure period. Doses are corrected for radioactive decay over the exposure period.
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Table C-67. Co!nbined nonradiological hazard indexes and cancer risks associated with the Shut Down and Deactivate Alternative for the

involved worker (current use).

Hamrd index Annual cancer risk Lifetime
Exposure Pathway L-Lake Par Pond Combineda L-Lake Par Pondb Combineda
Ingestion:

cancer riskc

Soil 6.OXIO-3 6.8,10-6 6.0x IO-3 1,3.10-8 NAd 1.3x I0-8
Soil Dermal

6.4x I08
4.5.10-3 2.4x IO-5 4.5,10-3 5.[x Io-8 NA 5.1. [0-8

Subtotal
2.5x l&7

1.0.10-2 3,0.10-5 1.0.10 -’2 6.4.10-8 0.0,100 6.4x I0-8
Inhalation:

3.2x I0-7

Resuspension 1.3XI0-4 4,8x [0-7
Subtotal

[,3.10-4 I.9.1O-9 NA 1.9.10-9 9.3 XI0-9
1.3.10-4 4.8x1 O-7 1,3,10-4 I ,9.10-9 0.0.100 1.9.10-9

Total
9.3,10-9

1,1.10-2 3.1.10-5 1.1.10-2 6.6.108 0,0.100 6.6.10-8 3.3.10-7

a, Hazard indexes and cancer risks from the two release sites are not additiv% the combined result is tbe maximum of either site,
b. No carcinogenic constituents are released from Par Pond for current land use under the No-Action Alternative.
c. Based on a 5-year exposure period,
d. NA = not applicable; the contaminant is not transferred through the listed exposure pathway.

.



Table C-68. Combined nooradiological hazard it]dexes a]ld ca]lcer risks associated with tbe Shut DOWII and Deactivate A Itertlative for the

involved worker (futt]re use),

Hazard index Annual cancer risk Lifetime

Exposure Pathway L-Lake Par Pond Combineda L-Lake Par Pondb Combineda cancer riskc

Soil 1.3.10-1 1.6x I04 1.3.10-1 2.9x I0-7 NAd 2.9x I0-7 7.2x I0-6

Soil Dermal 7.4x I0-2 3.9.10-4 7,4x I0-2 8.5x I0-7 NA 8.5x I0-7 2,1x I0-5

S1lbtotal 2.1.10-1 5.5.10-4 2,1.10-1 1,1.10-6 0.0.100 I. IX1O-6 2.8x I0-5

Inhalation:

Resuspension 2.9x I0-3 1.1,10-5 2,9x I0-3 4.1.10-8 NA 4,1x I0-8 1.OX10-6
Subtotal 2.9x I0-3 1.1.10-5 2.9x I0-3 4,1x I0-8 NA 4. IXIO-8 1.OXIO-6

Total 2.1.10-1 5.6x I0-4 2.1.101 I,2x1o-6 0,0.100 I,2x1o-6 2.9x I0-5

a, Hazard indexes and cancer risks from the two release sites are not additive; the combined result is tbe maximum of either site,
b. No carcinogenic constituents are released from Par Pond for current land use under the No-Action Alternative.
c. Based on a 25-year exposure period.
d. NA = not applicable; the contaminant is not transferred through the listed exposure pathway.



Table C-69. Cotnbined aonradio]ogical hazard indexes and cancer risk associated with tbe Shut Down and Deactivate Alternative for uninvolved

workers.

Total Hazard index Annual cancer risk Lifetime
Exposure Pathway L-Lake Par Pond Combined L-Lake Par Ponda Combined cancer riskb

Ingestion:

Soil 1.IXIO-6 1.3.10-10 1.1.10-6 2,3x I0-12 NAc 2.3.10-12 5.6.10-11

Soil Dermal 6,0x 10-7 3.4.10-10 6.0x IO-7 7.1.10-12 NA 7. Ix Io-J2 1.8x10-lo

Subtotal I,7x I0-6 4.7,10-10 1.7x I0-6 9.3x I0-12 0.0.100 9.3x I0-12 2.3x10-lo

Inhalation:

Air I.O.1O-4 I.4x1o-8 1.0.10-4 1.4.10-9 NA 1.4,10-9 3.6x I0-8

Resuspension 1.IXIO-6 1.4.10-10 1.1.10-6 1.6x 10-11 NA I,6x I0-11 4,1.10-10

Subtotal I ,0.10-4 1.4x I0-8 1,0,10-4 I.4X1O-9 0.0.100 1.4.10-9 3.6x I0-8

Total 1,1.10-4 1.5x I0-8 1.1.10-4 1,4.10-9 0.0,100 1.4,10-9 3,6x I0-8

a. No carcinogenic constituents are released from Par Pond for current land use under the No-ActionAlternative,
b. Basedon a 25-year exposure period,
c. NA = not applicable; the contaminant is not transferred through tbe listed exposure pathway.
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Table C-70. Assumed humau health exposure parameters,

Receptor Parameter value Comments Source

n
~

Offsite maximally exposed Exposure tilnc

individual (current use) and general

(o ffsile) population

Exposure frequency

Exposure dumtio”

Outdoorllndoor time fraction]

Body weight

Inhalation rate

Soil ingestion rate

Leafy vegetable il]take rate

Other vegetable intake rate

Meat intake rate

Milk intake rate

Skin area available for contact

24 brld

365 dfyr

70 yr

0.75/0.25

70 kg

20 m3/d

100 m~d

2 I kg/yr

i 63 kglyr

43 kglyr

120 L/yr

I 9,400 cm2

Ilours per day used for resident receptor in Par

Poud Baseline Risk Assessment and MEPAS

dcfau!t

Days per year - MEPAS default.

Typical full lifetime expose based on DOE NEPA

guidance and MEPAS default.

Offsi!e residentimaximaUy exposed individual

spend 75 percent of time indoors and 25 percent

of time outdoors,

EPA standard default weight of an average fidult.

EPA standard default adult breathing rate.

EPA standard default soil al)d dllst ir)gesti.” rate

for adult residents.

Site-specific data for S1{S area.

Site-specific data for SRS arc~,

Site-specific data for SRS area.

Site-specific data for SRS area.

Offsile resident’s whole body exposed. Based o“

EPA body part-specific areas for male adult,

WSRC 1992; Strengc and Chambcrlaiu

1995

Strenge and Chamberlain 1995

DOE 1993; Strcngc and Chamberlain

1995

Harnby 1993 (outdoor time fraction);

best estimate (indoor time fraction)

EPA !991

EPA 199 I

EPA 199 I

namby 1993

Harnby 1993

Hamby 1993

Hamby 1993

13PA 1989

For nqueous release pa(b,vays

under Shut Down and

Deactivate Alternative onlv:

Drinking water inlake rate 2 L/d

‘fime spent b“ating 12 hrlyr

Time spent swimming 12 hrlyr

Sborcliue exposure time 12 hrlyr

Skin area exposed during 19,400 cm2
swimming

EPA standard default for adult resident intake of EPA 1991
drinking water.

MEPAS and NRC Regulatory Guide 1.109 default. Slre!lgc a“d Cbarnberlain 1995; NRC

1977

MEPAS and NRC Regldatory Guide 1,109 default. Strengc and Chamberlain 1995; NRC

I 977

MEPAS and NRC Regulatory Guide 1.109 default. Strenge arid Cbarnbcrlain 1995; NRC

1977

Offsite resident’s whole body exposed to waler EPA 1989

while swimming. Based on EPA body part.

specific areas for male adult.

-- n-a-m -m-
,,..,,,,,,,, ,,,,,,,,,,,, ,,. , ., ,,,,,, ,,,



Table C-70. (continued).

Receptor Parameter Value Comments Source

Offsite maximally exposed Water ingestion during

individual (current use) and general swimming

[o ffsitc) population (continued) Ingestion of shoreline

sediments

Fish ingestion rate

Offsitc maximally exposed Exposure time

individual (futt!rc use)

Exposure frequency

Exposure durxtion

Ouldoorllndoor time fraction

Body weight

inhalation rate

Soil irlgestion rate

Leafy vegetable intake rate

Other vegetable intake rate

Meat intake rate

Milk intake rate

Skin area available for contact

100 mL/hr

I 00 m~br

9 kglyr

24 hrid

365 d/yr

70 yr

0.75/0.25

70 kg

20 m3/d

100 mg/d

21 k~yr

163 kg/yr

43 kglyr

I 20 Llyr

I 9,400 cm2

MEPAS default

MEPAS default

Site-specitic data for SRS area

Flours per day used for resident receptor in Par

Pond Baseline Risk Assessment and MEPAS

default,

Days per year - MEPAS default.

Typical full lifetime expose based on DOE NEpA
guidance and MEPAS default.

Offsite residel]tlmaximally exposed individual

spend 75 percent oftimc indoors atld 25 percent

of tilne outdoors.

EPA standard default weight of an average adult.

EPA standard default adult breathing rate,

EPA standard default soil and dust ingestion rate

for adult residents,

Site-specific data for SRS area,

Site-specific data for SRS area,

Site-spccitic data for SRS area,

Site-specific data for SRS area.

Offsite resident’s whole body exposed. Based o“

EPA hodv nari-soecitic areas for male adult.

Strengc and Chamberlain,, 1995

Strengc and Chambcrlai!l 1995

Ilamby 1993

WSRC 1992; Strenge and Chamberlain

1995

S1renge and Chamberlain 1995

DOE 1993; Strcnge and Chamberlain

1995

Hatnby 1993 (outdoor time fraction);

best estimate (indoor time fraction)

P:PA 199 I

EPA 199 I

EPA 1991

I-lamby 1993

Hamby 1993

Ifamby 1993

Hamhy 1993

EPA 1989

. . .

For recreational pathways on

L-Lake under No-Action

Alternative only:

‘rime spent boating 12 hriyr MEPAS and NRC Regulatory Guide 1.109 default. Strellgc and Chamberlain [995; NRC

1977

lime spent swimming 12 hrlyr MEPAS and NRC Regulatory Guide 1.109 default. Strenge and Chamberlain 1995; NRC

I 977



Table C-70. (continued).

Receptor Parameter Value Comments Source

Offsi\c !naximally exposed Shoreline exposure tilne

individual (future use) (continued)

Fish ingestion rate

Skin area exposed during

swimming

Water ingeslion during

swimming

Ingestion of shoreline

sedimct}ts

Involved worker (current USC) l:.xposure time

Exposure frequency

Exposure duration

Outdoorllndoor ti]ne fraction

Body weight

Inhalation rate

Soil ingestion rate

12 hrlyr

9 kglyr

I 9,400 Cml

100 ml.lhr

100 mg/hr

6 hrl~vk

15 wk/yr

5 yr

I.00/0.00

70 kg

1.5 m3/d

7.5 mgld

MEPAS and NRC Regulatory Guide 1.109 default

Site-specific data for SRS area.

Offsite residen~s whole body exposed to water

while swimming. Based on EPA body part-

specific areas for male adult.

MEPAS default.

MEPAS default,

Value specified in inter-office memorandum from

Harem to Sidey, Based on discussions with field

groups.

Value specified in inter-o fticc me]norandum from

Harem to Sidey. Based on discussions with field

groups.

Value specified in inter-ofticc mcmorarldum fron]

Ifamm to Sidey. Based on discussions with field

groups.

Worker spendsl 00 percent of expasurc time

outdoors.

EPA standard default weight of an average adult.

Based on daily inhalation rate of 30 rn3/d for a

worker pcrfor!ning moderate activity (24-hour

exposure time) used in Par Pond Baseline Risk

Assessment. Volume is scaled to reflect amount

inhaled during a 6 hour \vork week (1,2 hrld for

75 days per year).

Based on EPA standard default soil ingcstio” rate

of 50 m~ld for commerciallindustrial land “se
(8-hour~xposure time). Volume is scaled to reflect

amount ingested during a 6-hour \vork week

(1.2 hrld for 75 days pcr year).

Stre.ge and Cha!nbcrlain 1995; NRC

I 977

Flamby 1993

EPA 1989

Strenge and Ch~mberlain 199s

Strenge and Chamberlain 1995

I+alnln 1996

ffamm 1996

ffan]m 1996

Most conservative estimate,

EPA 1991

WSRC 1992

EPA 1991



.

I
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Table C-70. (col]ti!lued),

Receptor Parameter Value Comments Source

Involved worker (current USC) Il]gcstion of potable water NA Worker does not ingest any contaminated drinking NA

(continued) water.

Skin area available for coIItact 3,120 cm2/day Worker’s bands and ar!ns arc exposed. Based on EPA 1989

Involved worker (future USC) Exposure tbne

Exposure freq”cncy

Exposure duration

Outdoorlbldoor time fraction

Body weight

inhalation rate

Soil ingestion rate

I“gcstion of potable water

Skin area available for contact

Uninvolved ~vorker Exposure time

Exposure frequency

Exposure duration

8 hrld

250 d/yr

25 yr

I .00/0,00

70 kg

10m3/d

50 mgld

NA

3,120 cm2

8 hrld

250 dlyr

25 yr

EPA body part-specific areas for male adult.

EPA standard default exposure duration for EPA 1991; WSRC 1992

cotn]nerciallindustrial land use. Also used in Par
Pond Baseline Risk Assessment for future

condition on-Par Pond Unit worker.

EPA standard default exposure duration for EPA 1991

commerciallindustrial land USC.

EPA standard default exposure duration for EPA 199 I

commerciallind ustrial land USC.

Worker spendsl 00 percent of expos”rc time Most conservative esti”]atc.

outdoors.

EPA standard default weight of an average adult, EPA 199 I

Based on daily inhalation rate of 30 m3/d for a WSRC 1992; EPA 199 I

worker performing moderate activity (24-bOur

exposure time) used in Par Pond Baseli”c Risk
Assessment. Rate is scaled to reflect amount

inhaled during an g-hour work day.

Based on EPA standard default soil ingestion rate EPA 199 I

of 50 mtid for commerciallindustrial kind use
(8-hour exposure time),

Worker does not ingest any contaminated drinking NA

water.

Worker’s hands and arms are exposed. Based on EPA 1989

EPA body part-specitic areas for male adult.

EPA standard default exposure duration for EPA 199 I

commerciallb]dustrial land “se.

EPA standard default exposure duration for EPA 1991

commerciallindustrial land “se.

EPA standard default exposure duration for EPA 199!

commcrciallindustcial land use.



Table C-70. (contillucd),

Receptor Parameter Value Comments Source

Uninvolvedworker(continued) Outdoor/Indoortimefraction 0,75/0.25 Uninvolvedworkerspends75 percentof time Bestcsti]nafc,
indoorsand25 percentof timeoutdoors,

Body weight 70 EPA standard default weight of an average adult. EPA 199 I; NRC 1977

inhalation rate 10 m31d Based on EPA standmd default for average adult EPA 1991; NRC 1977
brealbing rate. Rate is scaled to reflect amount

inhaled during an 8-hour work day.

Soil ingestion rate 50 mgld Based on EPA sta]]dard default soil ingestion rate EPA 199 I

of 50 mgld for commerci allind ustrial land use

(8-hour exposure time).

Ingestion of potable tvater NA Worker does not ingest any contaminated drinking NA

water.

Skin area available for contact 3, I 20 Cnlz Workcr,s bands and arms arc exposed. Based on EPA 1989

EPA body part-specific areas for male adult.

-,--Dun mn
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Table D-1. Reptiles and amphibians of Savannah River Site aquatic habitats.a

Group Common name Species

Salamanders spotted salmander
marbled salamander
mole salamander
tiger salmander
two-toed amphiuma
southern dusky salamander
two-lined salamander
long-tailed salamander
dwarf salamander
dwacf waterdog
e%tcm newt
mud salamander
lesser siren
greater siren

Frogs and toads northern cricket frog
southern cricket frog
oak toad
bird-voiced treetiog
Cope’s gray treeffog
green treeffog
pine woods treefrog
barking treefiog
southern chores frog
little grass frog
ornate chores frog
crawfish frog
bulltiog
bronze frog
pig frog
pickerel frog
southern leopard &o:
carpenter frog
eastern spadefoot toad

Alligators American alligator

Tumles snapping tuflle
chicken tmtle
striped mud tmtle
eastern mud tmtle
river tooter
Florida tooter
Stinkpot
slider tmtle
spiny softshell nntle

Snakes rat snake
mud snake
rainbow snake
common kingsnake
green water snake

Ambystoma maculatum
Ambystoma opacum
Ambystoma talpoideum
Ambystoma tigrinum
Amphiuma means

Desmognathus auriculatus

Eauycea cirrigera
Eurycea longicauda

Euiycea quadridigitata

Necturus punctatus

Notophtha[mus viridescent
Pseudotriton montanus

Siren intermedia

Siren lacertina

Acris crepitans

Acris gryllus
Bufo quercicus

Hy[a uvivoca

Hyla chrysoscelis
Hyla cinerea

Hyla femoralis
Hyla gi-atiosa

Pseudacris nigrita
Pscudacris ocularis

Pseudacris ornata

Rana areolata
Rana catesbeiana

Rana clamitans
Rana ~Iio

Rcma palustris

Rana sphenocephala
Rana virgatipes

Scaphiopus holbrooki

Ailigator mississippiensis

Chelydra serpentine

Deirochelys reticularia

Kinosternon bauri
Kinosternon subrubrum

Pseudemys concinna
Pseudemysfloridana

Sternotherus odoratus

Trachemys scripts

Trionyx spinlfei-us

Elaphe obsoleta

Farancia abacura
Farancia e~trogran ma

Lampropeitis getulus

Nerodia cyclopion
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Table D-1. (continued).

Group Commonname Species

Snakes (continued) red-belliedwater snake Nerodia eiychrogaster

banded water snake Nerodia fasciata

brown water snake Nerodia t~ispilota
glossy crayfish snake Regina rigida
queen snake Regina septemvittata
black swamp snake Seminatrix pygaea
brown snake Storeria de~i
eastern ribbon snake Thamnophis sauritus
garter snake Thamnophis sirtnlis
cottonmouth Agkistodon piscivorous

a. Sources: Scott, Patterson, and Giffm (1990);Gibbonsand Semlitsch(1991),

D-2
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Table D-2. Birds of Savannah R]ver Site streams, reservoirs, wetlands, and adjacent forests.a

Group Common name Species

Ducks and duck-like birds Canada goose
mallard
black duck
gadwall
green-winged teal
blue-winged teal
American widgeon
northern shoveler
common merganser
ring-necked duck
lesser scaup
bufflehead
ruddy duck
hooded merganser
pied-billed gebe
wood duck
purple gallinule
common gallinule
Sora
American coot

Seabirds/gulls black tern

Wadiig birds black-crowned night heron
great blue heron
little blue heron
tricolored heron
green heron
white ibis
great egret
snowy egret
killdeer
long-billed dowitcher
northern phalarope
American tiiga
least bittern
American bittern
wood stork

Fowl-1ike birds wild turkey
bobwhite quail
American woodcock

Pigeons and doves mourning dove
rock dove

Birds of prey black vulture
turkey vulture
great homed owl
common ni@thawk
red-tailed hawk
red-shouldered hawk
bald eagle

Branta canadensfs
Arias platyrhynchos

Arias rubripes

Arias strepera

Anm crecca

Arias discors

Arias americana
Arias clypeata

Mergus merganser

Aythya collaris

Aythya aflnis
BucephaIa albeola

O~ra jamaicensis

Lopho@tes cucullatus
Podilymbus podiceps

A ix sponsa

Porphyrula martinica
Gallinula chloropus

Porzana carolina
Fulica americana

Chlidonias niger

Nycticora nycticorax

Ardea herodias

Egretta caerulea
Egretta tricolor

Butorides striatus
Eudocimus albus

Casmerodius albus

Egretfa [hula
Charadrius voci~erus

Limnodromus scalopaceus
Lobipes lobatus

Anhingn anhinga
Ixob~chus exilis

Botaurus lentiginosus

Mycteria americana

Meieagris gallopavo
COlinus virginianus

Philohela minor

Zenaida macroura

Co[umba Iivia

cora~ps at?atus

Cathartes aura
Bubo virginianus

Chordeiles minor

Buteo jamaicensis

Buteo Iineatus

Ha[iaeetus Ieucocephalus
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Table D-2. (continued).

GrouP Common name Species

Non-passerine land birds

Birds of prey (condnued) osprey
sharp-shinned hawk
broad-winged hawk
Cooper’s hawk
marsh hawk
American kestrel
barred owl
screech owl

Chuck-will’s widow
ruby-throated hummingbird

_belted kingiisber
red-bellied woodpecker
hairy woodpecker
red-headed woodpecker
downy woodpecker
pileated woodpecker
red-cockaded woodpecker
yellow-shafted flicker
yellow-bellied sapsucker
yellow-billed cuckoo

Passerine @erching birds) eastern kingbird
great crested flycatcher
Acadian flycatcher
ea.stem phoebe
eastern peewee
water pipit
house wren
Carolina wren
long-billed marsh wen
winter wren
golden-crowned kmglet
ruby-crowned kinglet
blue-my gnatcatcher
chimney swift
bank SWal]OW

barn SWa]lOW

fish CTOW

American crow
blue jay
Caroliia ch]ckadee
tufted titmouse
white-breasted nuthatch
brown-headed nuthatch
mockingbird
gray catbird
brown thrasher
American robin
wood thrush
hermit thrush

D-4

Pandion haliaetus

Accipiter striatus

ButeoplaQpterus

Accipiter cooperii

Circus cyaneus
Falco sporverius

Strix varia

Otus asio

Caprimulgus carolinensis

Archilochus colubris

Megace~Ie alcyon
Melanerpes carolinus

Picoides villosus

Melanerpes erythrocephalus

Picoides pubescens

Dyocopus pileatus
Picoides borealis

Colaptes auratus

Sphyrapicus varius

Coccyzus americanus

Tyrannw tyrannus

Myiarchus critinus

Empidonm virescens
Sayornisphoebe

Contopus virens

Anthus spinoletta
Troglo&te aedon

Th~othorus Iudovicianus

Cistothorus palustris

TrogIo~tes trogio~tes
Regcdus sati-apa

Regulus calendula

Polioptila caerulea

Chaetura pelagica
Riparia riparia

Hirundo rustics

Corvus Osslyagus

Corvus brachyrhynchos

Cyanocitta cristata

Parus carolensis

Parus bicolor

Sitta carolinensis

Sitta pusilla

Mimus polyglottos

Dumetella carolinensis

Toxostoma rufim

Turdus migratorius

Hylocichla mustelina

Catharus guttatus



DoEiEIS-0268

Table D-2. (continued).

Group Common name Species

Passerine (perching birds) eastern bluebird
(continued) orchard oriole

summer tanager
solitary vireo
white-eyed vireo
red-eyed vireo
yellow-tbroated vireo
prothonotary warbler
yellow-throated warbler
northern parula warbler
pine warbler
black-and-white warbler
yellow-romped warbler
pra~le warbler
Kentucky warbler
hooded warbler
orange-crowned warbler
northern watertbrush
common yellowtbroat
yellow-breasted chat
eastern meadowlark
common grackle ,
American redstart
ovenbird
cardinal
blue grosbeak
indigo bunting
painted bunting
rufous-sided towhee
starling
red-winged blackbird
brown-headed cowbird
rusty blackbird
LeConte’s sparrow
field spmow
chipping sparrow
Savannah sparrow

Tropical introductions yello~oat

Sialia sialis
Ictems spurius
Piranga rubra

Vireo solitaries

Vireo griseus

Vireo olivoc~s
VireOflm,*Ons

Protonotaria citrea

Dendroica dominica

Parula americana
Dendroicapinus

Mniotiita varia

Dendroica coronata
Dendroica discolor

Oporornis formosus

Wilsonia citrina
Vermfiora celata

Seiurus novaboracensis
Geothlypis trichas
Icteria virens

Sturnelia magna
Quis.alm quiscula

Setophaga ruticilla

Seiurus aurocapillus
Cardinals cm-dinalis

Guiraca caerulea
Passerina cyanea

Passerina ciris
Pipilo erythrophthalmus

Sturnus vulgm-is

Agelaiusphoeniceus
Molothrus ater

Euphagus carolinus
Ammospiza Ieconteii

Spize[la pusilla

Spizella passerina
Passerculus sandwichensis

Geothlypis rostrata

a. Sources: Smifi, Sharitz, and Gladden (1981); Bildstein et al. (1994); Scott, Patterson, and Giffm (1990).
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Table D-3. Mammals of Savannah R]ver Site stream corridors arrd wetlands.a

Family Group Species Common nme

Sciuridae

Cervidae

Suidae

Ursidae

Procyonidae

Canidae

Castoridae

Mustelidae

Tree Squirrels

Deer ‘‘

Old World Swine

Bears

Raccoons

Coyotes and Foxes

Beaver

Weasels and Sktis

Leporidae Rabbits

Felidae Bobcat

Vespertilionidae Bats

Didelphidae New World Opossums Didelphis virginiana

Soricidae Shrews Blarina carolinensis

C~ptOtis parva

Sora Iongirostris

Talpidae Moles Condylur-a cristata

Scalopus aguaticus

Cricetidae New World 0v20mys palustris

Rats and Mice Microtuspinetorum

Ochrotomys nuttalli

peromyscus spp.b
Neotomafloridana

Sigmodon hispidus

Ondatra zibethicus

Sciurus Carolinensir

Sciurus niger

Glaucomys volans

Odocoileus virginianus

Sus Scrofa

Ursus americoim

Procyon Iotor

LJrocyon cinereoargenteus

Castor canadensis

Lutra canadensis

Mustelajienata

Spilogale putorius

A4ustelo vison

Mephitis mephitis

Sylvilagusfloridanus

Sylvi[agus palustris

Felix rufis

Lasiosycteris noctivagans
Pipistrellus subjlwris

Lasiurus borea[i~

L. intermedius
L. seminolus

P[ocOius rajnesquii

a. Sources: Smith, Sharim, and Gladden (1982); Wike et al. (1994).
b. spp. = species (plural).

opossum

short-tailed shrew
least shrew
southeastern shrew

star-nosed mole
eastern mole

marsh rice rat
pine vole
~olden mouse
white-footed deer mouse
eastern wood rat
hispid cotton rat
muskrat

gay squirrel
fox squirrel
flying squirrel

white-tailed deer

feral swine

black bear

raccoon

gray fox

beaver

otter
long-tailed weasel
spotted sku~
mirrk
striped skmrk

eastern conontail
marsh rabbit

bobcat

silver-haired bat
eastern pipistrelle
red bat
northern yellow bat
Seminole bat
Rafmesque’s big-eared bat



Table D-4. Wetlad types of the Steel Creek Corridor.a

Wetlmd types Description

Aquatic bed - open water

Emergent - persistent

Emergent - nonpersistent

Scrub-shrub wetlmds - broad-
Ieaved deciduous (Alnus .rerrulata)

Scrub-shrub wetlands - broad-
leaved deciduous (Cephalanthus

occidentals - Salix nigra)

Forested wetlands - broad-leaved
deciduous (Salix sp.)

The outfall canal of L.Reactor contains open water bordered by persistent
herbaceous species and occasional shrubs.

Although the dominant herbaceous species vary with water depth and
location on the deltaic fan, scattered shrubs [buttonbush (Cepka/anthus

occidenralis) and black willow (Salti nigra)] are usually present. Cut grass l,,

(Leersia spp.b) is dominant witi abundant redtop panicgrass (Panic.m
agrostoides) as ground cover except under dense woody vegetation and in
the deeper stream channels.

These grasses are usually ovenopped by knot grass (Scirpus cyperinus,

aPPrOxfiatelY 2.5 meters tall) which is the aspect dominant on aerial
photos as well as on the ground. There are also several, nearly monotypic,
stands of canail (Typha /atfolia).

This mapping unit is dominated by Polygonum Iapathlfolium with a border
of persistent herbs including cattail, bui-reed (Sparganium americarrum),

Canada msh (Juncus canadensis), and sugarcane beard grass (Eriarrthus
giganteus).

Alder (,41nusserrulata) is the dominant species in the corridor on Steel
Creek Corridor with locally abundant wax myrtle (Myrica Cer~era) and
willow (Sali.x sp.c), Beneath these shrubs, blackbeny (Rubus spp.) is
abundant over a diverse herbaceous flora of Hypericum spp., false nettle
(Boehmeria cylindrical), goldenrod (Solidago canadensis), wapato
(Sugittaria Iatfolia), jewelweed (Impatiem caperr.ris), Po/ygonum spp.,

IT,

Aneilema keisak, cut grass, knot grass, and Ludwigia virgata. These herbs
also covered open areas along stream channels within this vegetation type
and are the dominant ground covers in some of the other woody mapping
units.

This mapping unit generally borders the stream channels and, throu~ho”t
most of the Ienad of Steel Creek, extends nearly across the width of the
floodplain. Narrow strips of young hardwood trees bordering the upland
are included in the bound~ of this unit. me height of the shrubs
decreases upstream from approximately 5 meters near the mouth of Steel
Creek to 3 meters near the L-Reactor outfall. Density is also variable with
nearly impenetrable thickets between transects 60 and 70 and between
transects 20 and 40 but lower density between 40 and 60.

A dense shrub canopy composed of buttonbush and black willow
dominates this mapping unit near the mouth of Steel Creek.

WIIIOWSexceeding 5 meters in height are dominant ne~ the mo”th of SteeI
Creek and in a few locations near bridges and power lines further
upstream. Occasionally hardwood species [e.g., sweetgum (Liquidambar

sfyracz~ua), red maple (,4cer rubrum)] join the willow in the canopy. IT,
Beneath the willow is a sbmb layer of alder, wax myrtle, and blackberry
with sparse herb cover which includes some of the pkints listed in the
alder-dominated scrub-shrub wetlmds. TE
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Table D-4. (continued).

Wetland ~es Description

-. ... , ,., ..,. ..—. —. . . .. . . . . . . . . . . . ... . . . . . ... . ... . . . . .. . . .. -
i-orestea wetlanas - oroaa-ieaveu
deciduous (Alnus serrulata-@rica

cerlfera)

TE

Forested wetlmds - broad-leaved
deciduous (Liquidamber

styracl~ua-Acer rubrum-Salix sp.)

TEI

TEI

TE[ Forested wetkmds - mixed
deciduous (Taxodium distichum -
Nyssa sylvatica var. bl~ora)

W= IIlyrllc mu alaer {up LOI memrs Iallj UC couommanc, growing m
dense stands on most of the floodplain between tmnsects 70 and 100.
Willow is also abundant. This sluub canopy is broken by occasional
hardwood nees [sycamore (Platanus occidentals), sweetgum, red maple]
on some of the more stable sandbars, Beneath the alder-wax m~le
canopy is dense blackberry and a sparse covering of the herbs listed in the
alder-dominated scrab-shb wetlmd description. These herbs are also
dominant in old stream beds which lack abundant woody vegetation.

Tree species common on the upland adjacent to Steel Creek have become
established on some of the more stable sandbars, at stream obstructions
such as bridges and dikes, and along the Steel Creek upland border,
especially upstream from L-Reactor. The most frequent canopy species
include tulip tree (Liriodendron tulipl~era), sycamore, red maple and
sweetgum. Saplings of these trees, wu myrtle, alder, blackberry, and
groundsel-tree (Baccharis haliml~olia) are abundant in the understory.
Although nearly half of the substrate surface is covered by leaf-litter,
numerous herb and vine species grow beneath the trees, Chief among the
herhs are: sensitive fern (OnocJea sensibiljs), false nettle, Hypericum spp.,
sericea (Lespedezu cuneata), and goldenrod. The most frequent vines
include pepper vine (AmpeIopsis arborea), and honeysuckle (Lonicera

japonica).

This vegetation type is dominated by cypress (Tuxodium distichum) on

some portions of Steel Creek corridor with some water ~um (Nyssa
sylvatica var. b;flora). III the Savannah River swamp system, cypress and
water ~elo (N. aquatica) dominate this mapping unit.

a. Source: Smith, Sharitz, and Gladden (1981).
b. spp. = species @lural).
c. sp. = species (singular).
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Table D-5. Species and quantities planted at L.Lake by Southern Tier Consulting between January and
August 19S7.a

Scientific name Common name Quantity planted

Submersed/floating-leaved zone

Brasenia schreberi

Eleocharis acicularis

Nq”as gracillima

Nelumbo lutes

Nymphaea odorata

Nymphoides aquatico

Potamogeton prdcher

Potamogeton vaseyi

Vallisneria americana

Emergent zone

honopus sp,b

Bacapa caroliniana

Carex comosa

Carex glaucescens

Dulichium arundinaceum

Echinochloa crusgalli

Echinodorus cordz~olius

Eleocharis equisetoides

Eleocharis quadrangulata

Erianthus giganteus

Glyceria striata

Hydrochloa caroliniensis

Hydrocotyle umbellata

Juncus acuminates

Juncus brachycmpus

Juncus efisus

Juncus difisisimus

Leersia oryzoides

Lycopus i-ubellus

Panicum hemitomon

Panicum virgatum

Water shield

Spike msh

Bushy pondweed

American lotus

White waterlily

Floating heart

Pondweed

Pondweed

Water celery

Carpet grass

Bacopa

Sedge

Sedge

Three-way sedge

Wild millet

Burhead

Spike rush

Spike rush

Beard grass

Manna grass

Grass

Water pennywort

Rush

Rush

Soft rush

Rush

Rice cutgrass

Water horehound

Panic grass

Switchgrass’

<1,000

<2,000

<100

<1,000

>2>000

<100

<1,000

<100

>2,000

10 lbsc

>2,000

<2,000

<100

<1oo

25 Ibsc

<100

Q,ooo

<2,000

<100

<100

<1,000

<100

<100

<100

>2,000

<100

>2,000

<1,000

>2000

10 lbsc
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Table D-5. (continued)

Scientific name Common name Quantity planted

Emergent zone (continued)

PaspaIum distichum Knot grass <1>000

Polygonum sp. SmartWeed <2,000

Pontederia cordata Pickerelweed <1,000

Sagittaria Iatfolia Arrowhead 2,000

Scirpus cyperinus Bulrush a,ooo

Sparganium americanum Bur reed <100

Typha domingensis Cattail <1,000

Typha Iadfolia Cattail >2,000

Upper emergent/shrub zone

Acer rubrum Red maple >2,000

Cephalanthus occidentals Buttonbush >2,000

Mikania scandens Climbing hempweed <100

Nyssa sylvatica Blackgum >2,000

Salix nigra Black willow >2,000

Taxodium distichum C~ress >2,000

a. Source: KsOeger (1990)
b. sp. =species (singular).
c. Planted as a seed.
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Table D-6. Annual mean whole lake species specific areal cover (square meters per hectare) and
frequency, January-December 1992a

Taxon Mean cover (m2/ha)b Frequency

Vallisneria americ*na 926.09 12

Potamogeton diversz~olius

Typha iatl~olia

Hydroco@le umbellata

Panicum hemitomon

Myrico cerijcra

Leersia oryzoides

Alternanthera philoxeroides

Nelumbo Iutea

Paspalum distichum

Baccharis halimfolia

Eleocharis quadrangulata

Juncus efisus

Paspalum notatum

Salix spp.c
Scirpus cyperinus

Sacciolepis striata

Alnw serrulata

Boehmeria cylindrical

Juncu.r dichotomous

Andropogon virginicus

Rubus SPP.

Acer rubrum

Panicum scoparium

Lycopus SPp.

Mikania scandeias

Erechtites hieraclfoiia

Triaddnum walteri

Chara Sp,~
Sagittaria lad~olia

Cephalanthw occidentolis

Habenaria repens

Juncus validus

Cyperus spp.
Eupatorium spp.
Paspa[um Spp.
Aster spp.
Pontederia cordata

Galium spp.
Paspalum urvillei

Panicum sp.
Ludwigia leptocarpa

Ludwigia alternlfolia

Geranium carolinianum

Rubus trivialis

Myriophyllum aquaticum

610.05
221.65

76.75

70.95
70.50
29.17
28.09
25.21
23.87
20.66
20.35
20.31
17.83
12.60
9.86
7.31
6.74
6.07
5.36
4.72
3.58
3.30
2.64
2.55
2.38
2.36
2.31
1.99
1.60
1.36
1.25
1.22
‘1.20
1.05
1.03

0.86
0.75
0.70
0.63
0.39
0.37
0.36

0.36
0.25
0.33

11

10
16
15
8
8

14
2
9

.8
5

16
4

16
15
8
4

10
11
9
9

12
1
8
8
6
9
1
3
8
4
7
5
8
1

9
4
7
1
4
5
4

4
2

?
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Table D-6. (continued).

Taxon Mean cover (m2/ha) Frequency

Polygonum denslflorum 0.31 4
Lonicera japonica 0.28

Platanus occidentals’ 0.26

Polygonum sp. 0.26
Solidagosp. 0.26
Lemna spp. 0.24
Micranthemum umbrosum 0.22

Bidens sp, 0.21
Murdannia keisak 0.20
Juncus sp. 0,19
Lespedeza sp, 0.18
Hypericum hypericoides 0.17
Lactuca SP. 0.15
Polygonum puncta[um 0.13
Cyperaceae 0.12
PopuIus deltoides 0.12
Chenopodium sp. 0.10
Erianthus giganteus 0.10
Car~ spp. 0.08
Toxicodendron radicans 0.08
Hypericum sp. 0.07
POlygOnum sagittatum 0.07
Digitaria sp. 0.07
Juncus marginatus 0.07
Campsis radicans 0.06
Ludwigia decurrens 0.04
Hibiscus sp. 0.04
Furiena sp. 0.03
Pyrrhopappus carolinianus 0.03
Gelsemium sempemirens 0.03
Ptilimnium sp. 0.02
Rumm hasatatulus 0.02
Gnaphalium purpureum 0.02
Ampelopsis arborea 0.02
Ceratophyllum demersum 0.02
Rubus argutus 0.01
Ludwigia palustris 0.01
P1uchea sp. 0.01
Taraxacum oflcinale 0.01
Acalypha gracilens 0.01
Desmodium sp. 0.01

a. Source: Westbury (1993).
b. Tpconvefi squmemeters perhectme tosquwe feetper acre, multiply by4.355.

c. sPP. =sPecies (plural).

5

4

5

9

1
1
~

4

1
1
1
1
3

6

1
1
1
2

1

4

2

1
1
~

2
2
1
2
1
3
2

1
1
1
1
3

1
1
1

1

d. sp. =species(singulm).
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Table D-7. Taxa present (greater than 2 percent abundance) in the vegetation and seed bank.

Species Depths

A cer rubrum L,

Acer negundo L.

Alternantha philoxeroides Grisebach

Ambrosia artemisii~olia L.

Ammantiia coccinea Rottboell

Andropogon spp.

Aneilema keisrk Hasskzl.

Aster pilosus W~lld

AzoIla Spp.

Baccharis halimfolia L.

Bacopa caroliniana Robinsona

Bidens spp,

Boehmeria cylindrical Swartz

Cephalanthus occidentals L.

Carex spp.b

Cara albolutescerrs Schweirritz

Cenchi-us Iongispinus Femald

Cyperus spp.

Cyperus ovularis Torrey

Cyperus strigosus L.

Digitaria spp.

Digitaria ischaemum Schreber

Echinochloa crusgalli Beauvoisa

Eclipta alba Hasskarl

Eleocharis accicrdaris Roerner, Schultes

Eleocharis quadrangulata Schultesa

Erechtites hierac$olia Raf.

A, W

A

A, W, 33

(A, W, 33, 66,1)

(w

(w)

A, W

(A, W)

A, W

(A, W, 33, 66,1)

(w

w

(w
A

(A, W, 33, 1)

A, W

A

A, W

(A, W, 33, 66)

A

A, W

(A)

(A, W, 33,66, 1)

A

(A, W, 33,66, 1)

(A, W, 33, 66,1)

(A>W, 33, 66,1)

(A, W, 33, 1)

(A, 66)

A

(A, W, 33, 66)

(A, W, 33, 1)

w

A, W, 3;

(A, W, 33)

A, W

(A, W, 66, 1)
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Table D-7. (continued)

Species Depths

Erigeron spp,

Eupatorium capilIifoIium Small

Fuirena squarrosa Michaux

Galium spp.

Gelsemium sempemirens W. T. Aiton

Gnaphalium spp.

Gratiola virginiana L.

Habenaria repens Nuttall

Hydrocoyle umbellata L.a

Hypericum spp.

Juncus spp.

Juncus debilis Gray

Juncus dichotomous En.

Juncus dl~usissimus Buckleya

Juncus efisus L.a

Juncus tetzuous Wllld.

Leersia spp.

Leersia hexandra Swanz.a

Lemna spp.

Lespedeza cuneata G. Don

Linaria canadensi$ DumonI

Ludwigia spp.

Ludwigia a[rerni~olia L.

Ludwigia decurrens Walter

Ludwigia lep[ocarpa Hua

Ludwigia palustris En.

Lycopus Spp.

A

(A, W, 33,66, 1)

A

(A, W>33,66, 1)

(A, W, 1)

A

(A)

w

(A, W, 33, 1)

(A)

A

(A)

A, W, 33,66, 1

(A, W, 33, 6631)

A

(A, 1)

A

(A, W, 33,66, 1)

(A, W, 33, 66)

(A, W, 33, 66)

A

(A, W, 33,66, 1)

A>W

(A, W, 1)

A

A, W

A, W

(A, ~

w

(A)

(A, W, 33,66, 1)

A, W

(A, W, 33)

(A, W, 33, 1)

A

(A, W, 33,66, 1)

(A, W, 33, 1)

(w
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Table D-7. (continued)

Species Deuths

Lycopus americanus Muhl

Lycopus rube[lus Moencha

Mikania scandens Willd.a

Mo[iugo vertici[laia L.

Myrica cerlfei-a L.

@riophyIlum spp

Nelumbo Iutea Persoona

Panicum spp.

Panicum anceps Michaux

Panicum hem’itomon Schultesa

Parthenocissus quinquefolia Planchon

Paspalum spp.

Paspalum notatum Pmodi

Paspalum urvillei Steudel

Phytolacca americana L

Plucheafoetida de Candolle

Polygonum spp.

Polygonum deml~orum Meissnerb

Polygonum hydropipereoides Micbauxb

PoIygonum sagittatum L.b

Polypremum procumbeiu L.

Pontederia cordata L.

Potomogeton diversifolius Ra$

Ptilimnium capillaceum Ra~.

Raphanus raphanistmm L

A

(A)

(A)

A>W

(A, W)

(A, 1)

A>W

(A)

w

(A)

33,66, 1

(A, W, 33, 66,1)

(A, W, 66> 1)

A, W

(A, W, 33, 66)

w

(1)

A, W

(w

A

(A)

w

(w

(w, 1)

w

(w, 33, 1)

(A, W)

A, W, 1

(A, W, 33, 66)

A

(A, W, 1)

(A, W>33,66> 1)

A

A, W, 33, 6631

A, W

(A, W)

A

(A)
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Table D-7. (continued)

Species Depths

Rorippa islandica Borbas (1)

Rubus SP~. A, W

(A, W, 6631)

Rumex acetosella L. A

Sacciolepis striata Nasha A, W

(A, W, 33>66, 1)

Sagiitaria la?folia L.a A, W

(A, W)

Salix nigra Marshall A, W

Scirpus cyperinus Ktinth A, W

(A, W, 33, 66,1)

Setaria geniculata Beauvois (w

Solidago spp. (A, W, 33, 66)

Solidago rugosa Miller A

(A, W)

Speculariaperfoliata de Candolle (A, W)

Sphenopholis obtusata Scribner (A, W, 33)

Typha lati~olia L.a A, W, 33,66

(A, W, 33, 66,1)

Ulmus spp. w

Vallisneria americona Michau~a A, W, 33,66, 1

a. Planted species.
b. Multiple or mixed species planted.
Note: Seed bsnk taxa in parentheses; at each depth I above waterline A; at the waterline W and at 33 cm, 66 cm,

and 1 m below waterline.
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Table D-s. Species present in Steel Creek area 1956-1957.a
Summer 1956 Summer I 957

Species survivingin Steel Creek stations stations

Scientific name Common name 3 4 5 3 4 5

Cephalanthus occidentals Common burronbush x x x x x

Bigonia rod;cans

Rhus radicans

T~odium distichum

Ampelopsis arborea

Fraxinus coroliniana

Acer rubrum

A>SSU ~lvatica

Boehmerio cylindrical

Querc.s nigr.

Smilax rotund folia

Triadenum walteri

Ulmus americana

Carpinus caroliniana

Salix nigra

Nyssa aquatica

Liquidambar styractflua

A4ikaniascandt=ns

I1eavirginico

Ludwigia polustris

Smdax [aurfolio

Smilm smallii

Osmunda regalis

Polygonum hydropperoides

Robinia

P[aranus occidentals

Decumaria barbara

Sambucus canadensis

Quercusphellos

Vitis rotundifolia

Tilia helerophyllu

Berchemiu scandens

Lonicera japonica

A/nus serrulaia

Liriodendron rulipl~era

Gelsemium sempemirens

Rhus toxicodendron

Saba/ minor

Lobelia cardinals

Cow itch

Poison ivy

Baldcypress

Peppervint

Water ash

Red maple

Black gum

False ntttle

Water oak

Greenbrier

St. Jotis-won

American elm

Bluebeech

Black willow

Water tupelo

Sweetgum

Climbing hempvi”e

Virginia willow

Water pnrslane

Laurel leaf smilax

Grecnbricr

Royal fern

Water pepper

Locust

Sycamore

Wood V~p

Common elder

Willow oak

Muscadine grape

Bmswood

Supple jack

Japanese ho”eys”ckle

Smooth alder

Tulip tree

Yellow jessanritre

Poison oak

Dwarf palmeno

Csrdinal flower

D- I

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x
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TabIe D-8. (continued).
Summer 1956 Summer 1957

Species suwiving in Steel Creek stations stations
Scientificname Common name 3 4 5 3 4 5

wisleria/ru/’2scens Wisteria x

Quercus lyraI. Ovcrcup oak x

Smi/m bona-nox Greenbrier x

Quercus Iaurfolia Laureloak x

Carya aquatica Water hickory x

Arundinario recta Switchcane x.

.saumrus cernuus Lizard’s tail x

a. Source: Welboume(1958).

Table D-9. Species ~ically growing along Steel Creek which have not beenable tosuwiveflooding.a

Scientific name Common name
Pinu.r taeda Loblolly pine

Cornus florida Flowering dogwood

Ilex glabra Inkbeny

Ilex opaca American holly

Lyonia [ucida Fetterbush

Magnolia virginiana Sweetbay

@rica cei-f.ra Southern wsxmyrtle

Osmunda cinnamomea Cinnamon fern

Persea palustris Swarnpbay

Quercus falcata Southern red oak

Quercus michauxii Swamp chesmut oak

a. Source: Welboume (1958).
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Table D.1O. Plant species in the Steel Creek Corridor, Summer 198 1.a

Scientific name Common name

Aspidiaceae
Athyriurn asplenioides

Orroclea sensibilis

Blechnaceae
Woodwardia areolata

Pinaceae
Pin us taeda

Taxodiaceae
Taxodium distichum

Typhaceae
Typha IatZfoIia

Sparganiaceae
Sparganium americanum

Alismataceae
Sagittaria IatrfoIia

Poaceae
Uniola latzfolia

Elymus virginicus

Leersia

Parricum agr-ostoides

Panicum dichotomum

Eriarrthus gigmrteus

Cyperaceae
Scirpus cyperinus

Rhynchospora corniculata

Carex glaucescens

Araceae
Peltandra virginica

Commelinaceae
Commelina virginica

Arrei[eme keisak

Southern lady fern
Sensitive fern

Netted chain-fern

Loblolly pine

Bald cypress

Common cattail

Bur reed

Wapato, duck-potato

River oats
Wild rye grass
Cut grass
Redtop panicgrass
Spreading witchgrass
Sugarcane beard grass

Knot grass

Arrow arum

Dayflower
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Table D-IO. (continued).

Scientific name Common name
Juncaceae
Jurrcus e~sus Common rush
Juncus carradensis Canada rush

Liliaceae
Smilax rotundl~olia Greenbrier
Smilo.x glauca Sawbrier

Saurnraceae
Saururus cernuus Lizard’s tail

Salicaceae
Salix Willow

Myricaceae
Myrica cerz~era Wax myrtle

Betulaceae
Alnus seri-ulata Tag alder

Fagaceae
Quercus Iaurfo[ia Laurel oak

Ulrnaceae
Celtis Iaevigata Sugarbe~

Urticaceae
Boehmeria cylindriea False nettle

Polygonaceae

Polyganum pensylvanicum Pinkweed
PoIygonum hirsufum Hairy knoweed
Polygonum persicaria

Polygonum hydropiperoides Waterpepper
Polygonum sagittatum Arrow-leaved tearthumb
Palygonum Iapathlfolium

Magnoliaceae

Liriodendron tulipzfera Tulip tree
Magnolia virginiana Sweet bay

Saxifragaceae
Itea virginica Virginia willow
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Table D-10. (continued).

Scientific name Common name

Hamamelidaceae

Liquidambar styraczjlua Sweetgum

Platanaceae
Platanus occidentaiis Sycamore

Rosaceae
Rub us Blackbeny
Prunus serotina Black cherry
Amelarrchier Serviceberry

Fabaceae (Leguminosae)
Lespedeza cuneata Sericea
Apios americana Groundnut

Anacardiaceae
Rhus copallina Winged sumac

Aquifoliaceae
IIex opaca Holly

Aceraceae
Acer rubrum Red maple

Balsaminaceae
Impatiens capensis Jewelweed

Rhamnaceae
Berchemia scandens Supple jack

V1taceae
Parthenocissus quirrquefolia Virginia creeper
Vitis rotundlfolia Muscadine
AmpeIopsis arborea Pepper vine

Hypericaceae
Hypericum hypericoides St. Andrew’s cross
Hypericum mutilum Dwarf St. John’ s-wort
@pericum walte.i Marsh St. John ‘s-wort

Ouagraceae
Ludwigia decurren. Primrose willow
Ludwigia leptocarpa

Ludwigia virgata
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Table D-10. (continued).

Scientific name Common name

Apiaceae @mbelliferae)

Cicuta macrdata Water hemlock

Nyssaceae
Nyssa sylvatica var. bi~ora Water gum

Cornaceae
Cornusjlorida Flowering dogwood

Ebenaceae
Diospyros virginiana Persimmon

Oleaceae
Ligustrum Privet

Loganiaceae
Gelsemium sempewirens Yellow jesssmine
Polypremum procumbent

Convolvnlaceae
Cuscuta compacta Compact dodder
Cuscuta gronovii Dodder

Hydrophyllaccae
Hydrolea quadrivalvis

Verbenaceae
Callicarpa americarsa

Lamiaceae (Labiatae)
Scutellaria Iaterljlora

Lycopus americanus

Lycopess rebellus

Scrophnlariaceae

Mimulus alatus

Bignoniaceae
Campsis radicans

~

Rnb]aceae

Cephalanthus occidentals

Galium tirrctorlum

French mulberry

Skullcap
Bugleweed
Water horehound

Monkey flower

Trumpet vine, cow-itch vine

Button bush
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Table D.1O. (continued).

Scientific name Common name

Caprifoliaceae
Lo;icera japonica Japanese honeysuckle

Sambucus canadensis Elderbe~

Asteraceae (composite)
Eupatorium capilll~olium Dog-fennel
Mikarria scandens Climbing hempweed

Baccharis haliml~o[ia Groundsel-tree
Aster Aster

SoIidago canadensis Goldenrod
Solidago gigantea Goldenrod
Solidago rugosa Goldenrod

a. Source: Smith, Sharitz, and Gladden (1981).
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Table D-Il. Plant species found in Steel Creek Delta, Summer 1981.a
Scientific name Common name

Ophioglossaceae

Bohychium

Osmundaceae

Osmrmda regalis spectabilis

Aspidiaceae

Otroclea sensibilis

Aspleniaceae

Asplenium platyrreuron

Azollaceae

Azolla caroliniana

Taxodiaceae

Taodium distichurn

Typhaceae

Typha latfolia

Sparganiaceae

Sparganium americanum

Potamogetormceae

Potamogeton berchtoldii

Alismataceae

Echinodorus coj-d,folius

Sagittaria graminea

Sagittaria Iadfolia

Poaceae

Arundinaria gigantea

Leersia

Paspalum urvi[lei

Paspalum~uitans

Panicum agrostoides

Panicum ~rrrrrocarpon

Panicum

Grapefem

Royal fern

Sensitive fern

Ebony spleenwort

Mosquito fern
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Bald cypress

Common cattail

Bur reed

Pondweed

Burhead

Wapato, duck-potato

Giant cane

Cut grass

Vasey grass

Redtop panicgrass

I
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Table D-II. (continued),

Scientific name Common name

Cyperaceae

Cyperus haspan Sheathed cypenss
Cyperus

E1eocharis

Eleocharis quadrangulata

Scirpus cyperinus

~nchospora conricrdata

Carex joorii

Carex

Aracaceae

Sabal minor

Lemnaceae

Spirodela oligorrhiza

Lemna perpmi[la

Wolfiapapulfera

Bromeliaceae

TiIlandsia usneoides

Commelinaceae

Comme[ina virginica

Aneilema keisak

Juncaceae
Juncus efisus

Llliaceae

Smilax rotund fo[ia

Smilax bona-nox

Smilax walteri

Smilax tamnoides

Medeola virginiana

Orchidaceae

Spiranthes

Saururaceae

Saururus cer-nuus

Knot grass

Palmetto

Duckweed

Water-meal

Spanish moss

Dayflower

Common msh

Greenbrier

Catbrier

Coral greenbrier

Bristly greenbrier

Indlarr cucumber-root

Ladies’ tresses

Lizard’s tail
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Table D-Ii. (continued).

Scientific name Common name

Salicaceae

Salix nigra Black willow

Populus de[toides Cottonwood
Poprdus heterophylla Swamp cottonwood

Myricaceae

Myrica cerfera Wax myrtle

Juglandaceae

Carya aquatica Water hickory

Betulaceae

Carpinus caroliniana Ironwood

Fagaceae

Quercus &rata Overcup oak
Quercus michanii Swamp chestnut oak
Quercus [aurfolia Laurel oak
Quercus nigra Water oak

Ulmaceae

Umus anrericana American elm
UImus alata Winged elm
Planera aquatica Water elm
Celtis laevigata Sugarberry

Urticaceae

Boehmeria cylirrdrica False nettle

Polygonaceae

Polygonum hydropiperoides WaterPepper
Polygonum lapatht~olium

Polygonum sagittatum Arrow-leaved tearthumh

Phytolaccaceae

Phytolacca americana Poke

Ceratophyllaceae

Ceratophyllum demersum Homwort

I
I
I
I
1
1
I
I
I
I
1
I
I
I
I
I
1
I
1
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Table D-II. (continued)

Scientific name Common name

Nymphaeaceae

Nuphar luteum Cow-1ily

Saxifragaceae

Itea virginica Virginia willow

Decumaria barbara Climbing hydrangea

Hamamelidaceae

Liquidambar styracl~ua Sweetgum

Platarsceae

Platanus occidentals Sycamore

Rosaceae

Rub us Blackbe~

Crataegus Hawthorn

Fabaceae

Gleditsia aquatica Water locust

Wisteria+utescer7s Wisteria

Apios americarsa Groundnut

Meliaceae

Melia azedarach China-berry

Callitrichaceae

CalIitriche heterophylla Water starwort

Anacardiaceae

Rhus radicans Poison ivy

Aquifoliaceae

Ilex opaca Holly

Ilex decidua Possum haw

Acaraceae

Acer rubrum Red maple

Hlppocastanaceae

AescuIus pavia Red buckeye

Aesculus sylvatica Buckeye
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Table D-II. (continued)

Scientific name Common name

Balsaminaceae

Impatierrs capensis Jewel-weed

Rhamnaceae

Berchemia scanderrs Rattan vine

Vltaceae

Vitis rotundZfoIia Muscadine

Vitis aestivalis Summer grape

Ampelopsis arborea Pepper vine

Malvaceae

Hibiscus militaris Halbard-leaved marsh mallow

Hypericaceae

Hypericum walteri Marsh St, John’ s-wort

Hypericum mutilum Dwarf St. John’ s-wort

Vlolaceae

Viola Violet

Onagraceae

Ludwigia decurrens Primrose willow
Ludwigia leptocarpa

Ludwigia palustris Water purslane

Haloragaceae

Myriophyllum brasiliense Parrot-feather

Apiaceae (Umbelliferae)
Hydroco~le ranuncrdoides Marsh pennywort
HydrocoWle Mrash pennywort
Cicuta macrdata Water hemlock

Nyssaceae

Nyssa aquatica Tupelo gum, water tupelo

Oleaceae

Fraxinus caroliniana Water ash
.rraxinus americana White ash
Forestiera acuminata Swamp privet

1
1
1
I
I
I
I
1
1
1
I
I
I
I
I
I
I
B
1
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Table D-11. (continued),

Scientific name Common name

Asclepiadaceae

Asclepias Milkweed

Convolvulaceae

Cuscuta Dodder

Hydrophyllaceae

Hydrolea quadrivaivis Hydrolea

Lamiaceae (Labiatae)

Scutellaria laterl~ora Skullcap

Lycopus virginicus Bugleweed

Lycopus rubellus Water horehound

Scrophulariaceae

Mimulus alatus Monkey flower

Mimrdus ringens Monkey flower

Biguouiaceae

Campsis radicans Trumpet vine, cow-itch vine

Leutibulariaceae

Utiicrdaria subrdata Bladderwort

Acauthaceae

Justicia ovata Water-willow

Rubiaceae

Cephalarrthus occidentals Button bush

Diodia virginiana Larger buttonweed

Gcdium obtusurn Bedstraw

Galium tinctorium

Caprifofiaceae

Lonicera japonica

Camparrrdaceae

Sphenoclea zeylandica

Lobelia cardinals

Japanese honeysuckle

Cardinal flower
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Table D-Ii. (continued).

Scientific name Common name

Loganiaceae

Gelsimium sempewirens Yellow jessanrine

Asteraceae (Coarposilae)

Mikania scandens Climbing hempweed

P1uchea rosea Marsh-fleabane

Aster Aster

Solidago gigantea Goldenrod
Bidensfiondosa Beggar ticks

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

I
1
I
I
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Table D-12. Wetland types of the Steel Creek Delta.a

Wetland types Description

Aquatic bed - rooted vascular
(Myriophyllum brasiliense)

Emergent wetland - persistent
(Leersia spp.)

Emergent - nonpersistent
(Hydrolea quodrivalvis)

Scmb-stib wetland - broad-
leaved deciduous (Cephalanthus

occidentals - Salix nigra)

In tbe canopy-reduced-deepwater zone, where the main flow of Steel Creek
courses northeasterly, the ~round aspect is one of open water, approximately
2 meters deep beneath scattered live bald cypress (Taodium distichum) trees IT,

which are remnants from the pre-Savannah River Site swamp. Scattered
stumps of dead trees occur bearing shrubs [e.g., buttonbush (Cephalanthus

occidentals), Virgbt ia willow (Itea virginica)], young trees [e.g., water ash
(Frainus caroliniana), water ebn (Plan.ra aguatica)], and herbs [e.g., false
nettle (Boehmeria cylindrical), marsh St. John’s-wort (Hypericum wa~teri)].

Patches of duckweed (Lemna pei-pusilla) collect on ma~ of submerged
vascular plants such as homwort (Ceratophyllum demersum) and parrot-
feather (Myriophyllum brailieme) which root on subsurface logs, tree and
stump bases. where the water flow is slow, Polygonum lapath{~o[ium forms
dense colonies.

Persistent emergent monocots dominate a large area (17,7 percent of the
delta) of the deltaic fan. Except during extreme drought periods, the water
level during the growing season is 10 to 50 centimeters deep, excluding old
stream channels which are as much m 1 meter deep.

Although the dominant herbaceous species vary with water depti and
location on the deltaic fan, scattered shrubs [buttonbush and black willow
(Salix nigra)] are usually present. Cut grass (Leersia spp.) is dominant with

ITE

abundant redtop panicgrass (Panicum agrostoides) as sound cover except
under dense woody vegetation and in the deeper stream channels,

These grasses are usually ovenopped by knot grass (Scirpus cyperinw,

approximately 2.5 meters tall) which is the aspect domtimt on aerial photos
as well as on the ground. There are also several, nearly monotypic, stands of
canail (Typha latl~olia). The numerous old stream channels which cross the
deltaic fan =e dominated by the herbaceous species characteristic of the

Nonpersistent emergent wetland (see below).

This mapping unit is characterized by emergent vascular plants that die back
to the ground during the wtiter. Relatively monospecific, as well as mixed,
colonies of hydrolea (Hydrolea quadrivalvis), Aneilema keisak, wate~epper
(Polygonum hydrop;peroides), water purslane (Ludwigiapalustris), and
wapato (Sagittaria lari~olia) dominate. These characteristic, nonpersistent
species are also common in old stream beds throughout the deltaic fan in the
Persistent emergent and Scmb-shmb wetland types.

Standing dead trees and stumps are numerous md bear characteristic stump
community vegetation ticluding buttonbush, water ash, water elm, false
nettle, and marsh St. John’ s-won.

On the deltaic fan, where the water is less than 50 centimeters deep (deeper
in stream channels), buttonbush or black willow dominate the uppermost
layer. Buttonbush dominates the canopy in some areas and composes the
understory of sites dominated by willow (.Sa/ti SP.). hot grass joins the
woody species in the upper stratum while cut grass covers most of the

IT,

ground. Redtop panicgrass, beggar ticks (Bidensfiondosa), false nettle, and
marsh St. John’ s-wort are common in many places. Climbing hemp
(Mikania scandens) and pepper vine (Ampelopsis arborea) are vines which
are frequently found in the shmbland. Whhin the Sctub-shrub wetland here
are also open areas of Persistent emergent wetland and old stream channels
dominated by herbs.
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Table D-12. (continued).

Wetlmd tvves Description

Mixed scrub-shrub/nonpersistent
emer~ent wetkmd (Cephalanthus

occidentalis/Po lygonum

lapathfolium)

Forested wetlmds - broad-leaved
deciduous (SaI& ni~u)

Forested wetlands - broad-leaved

1“7E deciduous (Quercus Iyrata -

CaVa aquatica - Nyssa
aquat;ca)

Forested wetlands - broad-leaved
deciduous (Quercus laurz~olia)

TE

Forested wetkmds - mixed
deciduous (Toxodium distichum -

Nyssa aquatica)

Forested wetkind - mixed
forested/scnrb-shrub wetlrard
(Taxodium distichum/

Cephalanthus occidentolis)

In the delta, shrubs and young trees (buttonbush, Virginia willow, water elm,
water ash) are restricted to the many stumps remaining from the original
forest. Numerous live bald cypress (20 meters tall) are scattered about. The
stump bases have the characteristic stump-community herbs (false nettle and
marsh St. lohn’s-wort) as well as several vines including poison ivy (Rhus

radicans), pepper vine, and wisteria (Wisteria futescens).

Black willow trees over 5 meters tall dominate the more elevated pofiions of
the deltaic fan with buttonbush as an understory. The ground is dry or
flooded by less thmr 15 centimeters of water. The herbaceous vegetation
under the willow is relatively spar’se due to the density of carropy closure.
Small patches of herbs include: redtop panicgrass, waterpepper, false nettle,
marsh St. John’s-wort, md sensitive fern (Onoclea semibilis).

Adjacent to, arrd slightly higher in subsmnce elevation than the
c~ress-tapelo (Nyssa aquatica) swamp, is an area of broad-leaved deciduous
mees. Although dry dining most of tfre growing season, this area is subject to
seasonal flooding of longer duration tfmn areas on the deltaic fan. Several of
the more common species in this vegetation we leaf-out late in the season
and can withsmnd flooding that lasts even as late as July.

This mapping unit is found only on islands in tie swamp which me slightly
higher in elevation tbm the surrounding swamp and therefore inmrdated for
shorter periods. The canopy (over 20 meters tall) contains laurel ouk
(Quercus laurfolia), overcup oak (Quei-cus lyrata), swamp chesmut oak
(Queras michauxil>, red maple (Acer rubrum), mrd water hickory (Carya
aquotica).

The natural c~ress-typelo swamp typifying the pre-Savarm& Mver Plant
swamp composition extends beyond the delta to the Savmah River. Water
to 2 meters deep flows slowly over a shallow substrate (less than 0.5 meter
deep) of organic and fme particulate material, Flooding is mairrtained during
the growing season by regulation of resemoir levels upstream on tfre
Savammh River md by flow from Fourmile Creek and Pen Branch.

This mapping unit occupies a pmtion of the delta to the west of the deltaic
fan, A patchy canopy of bald cWress (greater than 20 meters tall) covers
about 50 percent of the zone. The mderstory is a mixtare of buttonbush,
water ash, md water ehn. Cut grass dominates the ground cover with
abundam marsh St. Joim’s-wort and beggar ticks. Open areas where tbe

cYPress CMIOPYis ve~ sp~se ~e dOmfiated by species of the Nonpersistent
emergent wetland intemixed with marry stumps bearing woody 8rowth.

The water varies from 50 to 80 centimeters deep (except in channels) over a
deep (more than 50 centimeters) subsnate of orgmic and fine inorganic
sediment,

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

b. spp. = species (plural).
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Table D-2. Birds of Savannah R]ver Site streams, reservoirs, wetlands, and adjacent forests.a

Group Common name Species

Ducks and duck-like birds Canada goose
mallard
black duck
gadwall
green-winged teal
blue-winged teal
American widgeon
northern shoveler
common merganser
ring-necked duck
lesser scaup
bufflehead
ruddy duck
hooded merganser
pied-billed gebe
wood duck
purple gallinule
common gallinule
Sora
American coot

Seabirds/gulls black tern

Wadiig birds black-crowned night heron
great blue heron
little blue heron
tricolored heron
green heron
white ibis
great egret
snowy egret
killdeer
long-billed dowitcher
northern phalarope
American tiiga
least bittern
American bittern
wood stork

Fowl-1ike birds wild turkey
bobwhite quail
American woodcock

Pigeons and doves mourning dove
rock dove

Birds of prey black vulture
turkey vulture
great homed owl
common ni@thawk
red-tailed hawk
red-shouldered hawk
bald eagle

Branta canadensfs
Arias platyrhynchos

Arias rubripes

Arias strepera

Anm crecca

Arias discors

Arias americana
Arias clypeata

Mergus merganser

Aythya collaris

Aythya aflnis
BucephaIa albeola

O~ra jamaicensis

Lopho@tes cucullatus
Podilymbus podiceps

A ix sponsa

Porphyrula martinica
Gallinula chloropus

Porzana carolina
Fulica americana

Chlidonias niger

Nycticora nycticorax

Ardea herodias

Egretta caerulea
Egretta tricolor

Butorides striatus
Eudocimus albus

Casmerodius albus

Egretfa [hula
Charadrius voci~erus

Limnodromus scalopaceus
Lobipes lobatus

Anhingn anhinga
Ixob~chus exilis

Botaurus lentiginosus

Mycteria americana

Meieagris gallopavo
COlinus virginianus

Philohela minor

Zenaida macroura

Co[umba Iivia

cora~ps at?atus

Cathartes aura
Bubo virginianus

Chordeiles minor

Buteo jamaicensis

Buteo Iineatus

Ha[iaeetus Ieucocephalus
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Table D-2. (continued).

GrouP Common name Species

Non-passerine land birds

Birds of prey (condnued) osprey
sharp-shinned hawk
broad-winged hawk
Cooper’s hawk
marsh hawk
American kestrel
barred owl
screech owl

Chuck-will’s widow
ruby-throated hummingbird

_belted kingiisber
red-bellied woodpecker
hairy woodpecker
red-headed woodpecker
downy woodpecker
pileated woodpecker
red-cockaded woodpecker
yellow-shafted flicker
yellow-bellied sapsucker
yellow-billed cuckoo

Passerine @erching birds) eastern kingbird
great crested flycatcher
Acadian flycatcher
ea.stem phoebe
eastern peewee
water pipit
house wren
Carolina wren
long-billed marsh wen
winter wren
golden-crowned kmglet
ruby-crowned kinglet
blue-my gnatcatcher
chimney swift
bank SWal]OW

barn SWa]lOW

fish CTOW

American crow
blue jay
Caroliia ch]ckadee
tufted titmouse
white-breasted nuthatch
brown-headed nuthatch
mockingbird
gray catbird
brown thrasher
American robin
wood thrush
hermit thrush

D-4

Pandion haliaetus

Accipiter striatus

ButeoplaQpterus

Accipiter cooperii

Circus cyaneus
Falco sporverius

Strix varia

Otus asio

Caprimulgus carolinensis

Archilochus colubris

Megace~Ie alcyon
Melanerpes carolinus

Picoides villosus

Melanerpes erythrocephalus

Picoides pubescens

Dyocopus pileatus
Picoides borealis

Colaptes auratus

Sphyrapicus varius

Coccyzus americanus

Tyrannw tyrannus

Myiarchus critinus

Empidonm virescens
Sayornisphoebe

Contopus virens

Anthus spinoletta
Troglo&te aedon

Th~othorus Iudovicianus

Cistothorus palustris

TrogIo~tes trogio~tes
Regcdus sati-apa

Regulus calendula

Polioptila caerulea

Chaetura pelagica
Riparia riparia

Hirundo rustics

Corvus Osslyagus

Corvus brachyrhynchos

Cyanocitta cristata

Parus carolensis

Parus bicolor

Sitta carolinensis

Sitta pusilla

Mimus polyglottos

Dumetella carolinensis

Toxostoma rufim

Turdus migratorius

Hylocichla mustelina

Catharus guttatus
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Table D-2. (continued).

Group Common name Species

Passerine (perching birds) eastern bluebird
(continued) orchard oriole

summer tanager
solitary vireo
white-eyed vireo
red-eyed vireo
yellow-tbroated vireo
prothonotary warbler
yellow-throated warbler
northern parula warbler
pine warbler
black-and-white warbler
yellow-romped warbler
pra~le warbler
Kentucky warbler
hooded warbler
orange-crowned warbler
northern watertbrush
common yellowtbroat
yellow-breasted chat
eastern meadowlark
common grackle ,
American redstart
ovenbird
cardinal
blue grosbeak
indigo bunting
painted bunting
rufous-sided towhee
starling
red-winged blackbird
brown-headed cowbird
rusty blackbird
LeConte’s sparrow
field spmow
chipping sparrow
Savannah sparrow

Tropical introductions yello~oat

Sialia sialis
Ictems spurius
Piranga rubra

Vireo solitaries

Vireo griseus

Vireo olivoc~s
VireOflm,*Ons

Protonotaria citrea

Dendroica dominica

Parula americana
Dendroicapinus

Mniotiita varia

Dendroica coronata
Dendroica discolor

Oporornis formosus

Wilsonia citrina
Vermfiora celata

Seiurus novaboracensis
Geothlypis trichas
Icteria virens

Sturnelia magna
Quis.alm quiscula

Setophaga ruticilla

Seiurus aurocapillus
Cardinals cm-dinalis

Guiraca caerulea
Passerina cyanea

Passerina ciris
Pipilo erythrophthalmus

Sturnus vulgm-is

Agelaiusphoeniceus
Molothrus ater

Euphagus carolinus
Ammospiza Ieconteii

Spize[la pusilla

Spizella passerina
Passerculus sandwichensis

Geothlypis rostrata

a. Sources: Smifi, Sharitz, and Gladden (1981); Bildstein et al. (1994); Scott, Patterson, and Giffm (1990).
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Table D-3. Mammals of Savannah R]ver Site stream corridors arrd wetlands.a

Family Group Species Common nme

Sciuridae

Cervidae

Suidae

Ursidae

Procyonidae

Canidae

Castoridae

Mustelidae

Tree Squirrels

Deer ‘‘

Old World Swine

Bears

Raccoons

Coyotes and Foxes

Beaver

Weasels and Sktis

Leporidae Rabbits

Felidae Bobcat

Vespertilionidae Bats

Didelphidae New World Opossums Didelphis virginiana

Soricidae Shrews Blarina carolinensis

C~ptOtis parva

Sora Iongirostris

Talpidae Moles Condylur-a cristata

Scalopus aguaticus

Cricetidae New World 0v20mys palustris

Rats and Mice Microtuspinetorum

Ochrotomys nuttalli

peromyscus spp.b
Neotomafloridana

Sigmodon hispidus

Ondatra zibethicus

Sciurus Carolinensir

Sciurus niger

Glaucomys volans

Odocoileus virginianus

Sus Scrofa

Ursus americoim

Procyon Iotor

LJrocyon cinereoargenteus

Castor canadensis

Lutra canadensis

Mustelajienata

Spilogale putorius

A4ustelo vison

Mephitis mephitis

Sylvilagusfloridanus

Sylvi[agus palustris

Felix rufis

Lasiosycteris noctivagans
Pipistrellus subjlwris

Lasiurus borea[i~

L. intermedius
L. seminolus

P[ocOius rajnesquii

a. Sources: Smith, Sharim, and Gladden (1982); Wike et al. (1994).
b. spp. = species (plural).

opossum

short-tailed shrew
least shrew
southeastern shrew

star-nosed mole
eastern mole

marsh rice rat
pine vole
~olden mouse
white-footed deer mouse
eastern wood rat
hispid cotton rat
muskrat

gay squirrel
fox squirrel
flying squirrel

white-tailed deer

feral swine

black bear

raccoon

gray fox

beaver

otter
long-tailed weasel
spotted sku~
mirrk
striped skmrk

eastern conontail
marsh rabbit

bobcat

silver-haired bat
eastern pipistrelle
red bat
northern yellow bat
Seminole bat
Rafmesque’s big-eared bat



Table D-4. Wetlad types of the Steel Creek Corridor.a

Wetlmd types Description

Aquatic bed - open water

Emergent - persistent

Emergent - nonpersistent

Scrub-shrub wetlmds - broad-
Ieaved deciduous (Alnus .rerrulata)

Scrub-shrub wetlands - broad-
leaved deciduous (Cephalanthus

occidentals - Salix nigra)

Forested wetlands - broad-leaved
deciduous (Salix sp.)

The outfall canal of L.Reactor contains open water bordered by persistent
herbaceous species and occasional shrubs.

Although the dominant herbaceous species vary with water depth and
location on the deltaic fan, scattered shrubs [buttonbush (Cepka/anthus

occidenralis) and black willow (Salti nigra)] are usually present. Cut grass l,,

(Leersia spp.b) is dominant witi abundant redtop panicgrass (Panic.m
agrostoides) as ground cover except under dense woody vegetation and in
the deeper stream channels.

These grasses are usually ovenopped by knot grass (Scirpus cyperinus,

aPPrOxfiatelY 2.5 meters tall) which is the aspect dominant on aerial
photos as well as on the ground. There are also several, nearly monotypic,
stands of canail (Typha /atfolia).

This mapping unit is dominated by Polygonum Iapathlfolium with a border
of persistent herbs including cattail, bui-reed (Sparganium americarrum),

Canada msh (Juncus canadensis), and sugarcane beard grass (Eriarrthus
giganteus).

Alder (,41nusserrulata) is the dominant species in the corridor on Steel
Creek Corridor with locally abundant wax myrtle (Myrica Cer~era) and
willow (Sali.x sp.c), Beneath these shrubs, blackbeny (Rubus spp.) is
abundant over a diverse herbaceous flora of Hypericum spp., false nettle
(Boehmeria cylindrical), goldenrod (Solidago canadensis), wapato
(Sugittaria Iatfolia), jewelweed (Impatiem caperr.ris), Po/ygonum spp.,

IT,

Aneilema keisak, cut grass, knot grass, and Ludwigia virgata. These herbs
also covered open areas along stream channels within this vegetation type
and are the dominant ground covers in some of the other woody mapping
units.

This mapping unit generally borders the stream channels and, throu~ho”t
most of the Ienad of Steel Creek, extends nearly across the width of the
floodplain. Narrow strips of young hardwood trees bordering the upland
are included in the bound~ of this unit. me height of the shrubs
decreases upstream from approximately 5 meters near the mouth of Steel
Creek to 3 meters near the L-Reactor outfall. Density is also variable with
nearly impenetrable thickets between transects 60 and 70 and between
transects 20 and 40 but lower density between 40 and 60.

A dense shrub canopy composed of buttonbush and black willow
dominates this mapping unit near the mouth of Steel Creek.

WIIIOWSexceeding 5 meters in height are dominant ne~ the mo”th of SteeI
Creek and in a few locations near bridges and power lines further
upstream. Occasionally hardwood species [e.g., sweetgum (Liquidambar

sfyracz~ua), red maple (,4cer rubrum)] join the willow in the canopy. IT,
Beneath the willow is a sbmb layer of alder, wax myrtle, and blackberry
with sparse herb cover which includes some of the pkints listed in the
alder-dominated scrub-shrub wetlmds. TE
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Table D-4. (continued).

Wetland ~es Description

-. ... , ,., ..,. ..—. —. . . .. . . . . . . . . . . . ... . . . . . ... . ... . . . . .. . . .. -
i-orestea wetlanas - oroaa-ieaveu
deciduous (Alnus serrulata-@rica

cerlfera)

TE

Forested wetlmds - broad-leaved
deciduous (Liquidamber

styracl~ua-Acer rubrum-Salix sp.)

TEI

TEI

TE[ Forested wetkmds - mixed
deciduous (Taxodium distichum -
Nyssa sylvatica var. bl~ora)

W= IIlyrllc mu alaer {up LOI memrs Iallj UC couommanc, growing m
dense stands on most of the floodplain between tmnsects 70 and 100.
Willow is also abundant. This sluub canopy is broken by occasional
hardwood nees [sycamore (Platanus occidentals), sweetgum, red maple]
on some of the more stable sandbars, Beneath the alder-wax m~le
canopy is dense blackberry and a sparse covering of the herbs listed in the
alder-dominated scrab-shb wetlmd description. These herbs are also
dominant in old stream beds which lack abundant woody vegetation.

Tree species common on the upland adjacent to Steel Creek have become
established on some of the more stable sandbars, at stream obstructions
such as bridges and dikes, and along the Steel Creek upland border,
especially upstream from L-Reactor. The most frequent canopy species
include tulip tree (Liriodendron tulipl~era), sycamore, red maple and
sweetgum. Saplings of these trees, wu myrtle, alder, blackberry, and
groundsel-tree (Baccharis haliml~olia) are abundant in the understory.
Although nearly half of the substrate surface is covered by leaf-litter,
numerous herb and vine species grow beneath the trees, Chief among the
herhs are: sensitive fern (OnocJea sensibiljs), false nettle, Hypericum spp.,
sericea (Lespedezu cuneata), and goldenrod. The most frequent vines
include pepper vine (AmpeIopsis arborea), and honeysuckle (Lonicera

japonica).

This vegetation type is dominated by cypress (Tuxodium distichum) on

some portions of Steel Creek corridor with some water ~um (Nyssa
sylvatica var. b;flora). III the Savannah River swamp system, cypress and
water ~elo (N. aquatica) dominate this mapping unit.

a. Source: Smith, Sharitz, and Gladden (1981).
b. spp. = species @lural).
c. sp. = species (singular).
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Table D-5. Species and quantities planted at L.Lake by Southern Tier Consulting between January and
August 19S7.a

Scientific name Common name Quantity planted

Submersed/floating-leaved zone

Brasenia schreberi

Eleocharis acicularis

Nq”as gracillima

Nelumbo lutes

Nymphaea odorata

Nymphoides aquatico

Potamogeton prdcher

Potamogeton vaseyi

Vallisneria americana

Emergent zone

honopus sp,b

Bacapa caroliniana

Carex comosa

Carex glaucescens

Dulichium arundinaceum

Echinochloa crusgalli

Echinodorus cordz~olius

Eleocharis equisetoides

Eleocharis quadrangulata

Erianthus giganteus

Glyceria striata

Hydrochloa caroliniensis

Hydrocotyle umbellata

Juncus acuminates

Juncus brachycmpus

Juncus efisus

Juncus difisisimus

Leersia oryzoides

Lycopus i-ubellus

Panicum hemitomon

Panicum virgatum

Water shield

Spike msh

Bushy pondweed

American lotus

White waterlily

Floating heart

Pondweed

Pondweed

Water celery

Carpet grass

Bacopa

Sedge

Sedge

Three-way sedge

Wild millet

Burhead

Spike rush

Spike rush

Beard grass

Manna grass

Grass

Water pennywort

Rush

Rush

Soft rush

Rush

Rice cutgrass

Water horehound

Panic grass

Switchgrass’

<1,000

<2,000

<100

<1,000

>2>000

<100

<1,000

<100

>2,000

10 lbsc

>2,000

<2,000

<100

<1oo

25 Ibsc

<100

Q,ooo

<2,000

<100

<100

<1,000

<100

<100

<100

>2,000

<100

>2,000

<1,000

>2000

10 lbsc
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Table D-5. (continued)

Scientific name Common name Quantity planted

Emergent zone (continued)

PaspaIum distichum Knot grass <1>000

Polygonum sp. SmartWeed <2,000

Pontederia cordata Pickerelweed <1,000

Sagittaria Iatfolia Arrowhead 2,000

Scirpus cyperinus Bulrush a,ooo

Sparganium americanum Bur reed <100

Typha domingensis Cattail <1,000

Typha Iadfolia Cattail >2,000

Upper emergent/shrub zone

Acer rubrum Red maple >2,000

Cephalanthus occidentals Buttonbush >2,000

Mikania scandens Climbing hempweed <100

Nyssa sylvatica Blackgum >2,000

Salix nigra Black willow >2,000

Taxodium distichum C~ress >2,000

a. Source: KsOeger (1990)
b. sp. =species (singular).
c. Planted as a seed.
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Table D-6. Annual mean whole lake species specific areal cover (square meters per hectare) and
frequency, January-December 1992a

Taxon Mean cover (m2/ha)b Frequency

Vallisneria americ*na 926.09 12

Potamogeton diversz~olius

Typha iatl~olia

Hydroco@le umbellata

Panicum hemitomon

Myrico cerijcra

Leersia oryzoides

Alternanthera philoxeroides

Nelumbo Iutea

Paspalum distichum

Baccharis halimfolia

Eleocharis quadrangulata

Juncus efisus

Paspalum notatum

Salix spp.c
Scirpus cyperinus

Sacciolepis striata

Alnw serrulata

Boehmeria cylindrical

Juncu.r dichotomous

Andropogon virginicus

Rubus SPP.

Acer rubrum

Panicum scoparium

Lycopus SPp.

Mikania scandeias

Erechtites hieraclfoiia

Triaddnum walteri

Chara Sp,~
Sagittaria lad~olia

Cephalanthw occidentolis

Habenaria repens

Juncus validus

Cyperus spp.
Eupatorium spp.
Paspa[um Spp.
Aster spp.
Pontederia cordata

Galium spp.
Paspalum urvillei

Panicum sp.
Ludwigia leptocarpa

Ludwigia alternlfolia

Geranium carolinianum

Rubus trivialis

Myriophyllum aquaticum

610.05
221.65

76.75

70.95
70.50
29.17
28.09
25.21
23.87
20.66
20.35
20.31
17.83
12.60
9.86
7.31
6.74
6.07
5.36
4.72
3.58
3.30
2.64
2.55
2.38
2.36
2.31
1.99
1.60
1.36
1.25
1.22
‘1.20
1.05
1.03

0.86
0.75
0.70
0.63
0.39
0.37
0.36

0.36
0.25
0.33

11

10
16
15
8
8

14
2
9

.8
5

16
4

16
15
8
4

10
11
9
9

12
1
8
8
6
9
1
3
8
4
7
5
8
1

9
4
7
1
4
5
4

4
2

?
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Table D-6. (continued).

Taxon Mean cover (m2/ha) Frequency

Polygonum denslflorum 0.31 4
Lonicera japonica 0.28

Platanus occidentals’ 0.26

Polygonum sp. 0.26
Solidagosp. 0.26
Lemna spp. 0.24
Micranthemum umbrosum 0.22

Bidens sp, 0.21
Murdannia keisak 0.20
Juncus sp. 0,19
Lespedeza sp, 0.18
Hypericum hypericoides 0.17
Lactuca SP. 0.15
Polygonum puncta[um 0.13
Cyperaceae 0.12
PopuIus deltoides 0.12
Chenopodium sp. 0.10
Erianthus giganteus 0.10
Car~ spp. 0.08
Toxicodendron radicans 0.08
Hypericum sp. 0.07
POlygOnum sagittatum 0.07
Digitaria sp. 0.07
Juncus marginatus 0.07
Campsis radicans 0.06
Ludwigia decurrens 0.04
Hibiscus sp. 0.04
Furiena sp. 0.03
Pyrrhopappus carolinianus 0.03
Gelsemium sempemirens 0.03
Ptilimnium sp. 0.02
Rumm hasatatulus 0.02
Gnaphalium purpureum 0.02
Ampelopsis arborea 0.02
Ceratophyllum demersum 0.02
Rubus argutus 0.01
Ludwigia palustris 0.01
P1uchea sp. 0.01
Taraxacum oflcinale 0.01
Acalypha gracilens 0.01
Desmodium sp. 0.01

a. Source: Westbury (1993).
b. Tpconvefi squmemeters perhectme tosquwe feetper acre, multiply by4.355.

c. sPP. =sPecies (plural).

5

4

5

9

1
1
~

4

1
1
1
1
3

6

1
1
1
2

1

4

2

1
1
~

2
2
1
2
1
3
2

1
1
1
1
3

1
1
1

1

d. sp. =species(singulm).
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Table D-7. Taxa present (greater than 2 percent abundance) in the vegetation and seed bank.

Species Depths

A cer rubrum L,

Acer negundo L.

Alternantha philoxeroides Grisebach

Ambrosia artemisii~olia L.

Ammantiia coccinea Rottboell

Andropogon spp.

Aneilema keisrk Hasskzl.

Aster pilosus W~lld

AzoIla Spp.

Baccharis halimfolia L.

Bacopa caroliniana Robinsona

Bidens spp,

Boehmeria cylindrical Swartz

Cephalanthus occidentals L.

Carex spp.b

Cara albolutescerrs Schweirritz

Cenchi-us Iongispinus Femald

Cyperus spp.

Cyperus ovularis Torrey

Cyperus strigosus L.

Digitaria spp.

Digitaria ischaemum Schreber

Echinochloa crusgalli Beauvoisa

Eclipta alba Hasskarl

Eleocharis accicrdaris Roerner, Schultes

Eleocharis quadrangulata Schultesa

Erechtites hierac$olia Raf.

A, W

A

A, W, 33

(A, W, 33, 66,1)

(w

(w)

A, W

(A, W)

A, W

(A, W, 33, 66,1)

(w

w

(w
A

(A, W, 33, 1)

A, W

A

A, W

(A, W, 33, 66)

A

A, W

(A)

(A, W, 33,66, 1)

A

(A, W, 33,66, 1)

(A, W, 33, 66,1)

(A>W, 33, 66,1)

(A, W, 33, 1)

(A, 66)

A

(A, W, 33, 66)

(A, W, 33, 1)

w

A, W, 3;

(A, W, 33)

A, W

(A, W, 66, 1)
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Table D-7. (continued)

Species Depths

Erigeron spp,

Eupatorium capilIifoIium Small

Fuirena squarrosa Michaux

Galium spp.

Gelsemium sempemirens W. T. Aiton

Gnaphalium spp.

Gratiola virginiana L.

Habenaria repens Nuttall

Hydrocoyle umbellata L.a

Hypericum spp.

Juncus spp.

Juncus debilis Gray

Juncus dichotomous En.

Juncus dl~usissimus Buckleya

Juncus efisus L.a

Juncus tetzuous Wllld.

Leersia spp.

Leersia hexandra Swanz.a

Lemna spp.

Lespedeza cuneata G. Don

Linaria canadensi$ DumonI

Ludwigia spp.

Ludwigia a[rerni~olia L.

Ludwigia decurrens Walter

Ludwigia lep[ocarpa Hua

Ludwigia palustris En.

Lycopus Spp.

A

(A, W, 33,66, 1)

A

(A, W>33,66, 1)

(A, W, 1)

A

(A)

w

(A, W, 33, 1)

(A)

A

(A)

A, W, 33,66, 1

(A, W, 33, 6631)

A

(A, 1)

A

(A, W, 33,66, 1)

(A, W, 33, 66)

(A, W, 33, 66)

A

(A, W, 33,66, 1)

A>W

(A, W, 1)

A

A, W

A, W

(A, ~

w

(A)

(A, W, 33,66, 1)

A, W

(A, W, 33)

(A, W, 33, 1)

A

(A, W, 33,66, 1)

(A, W, 33, 1)

(w
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Table D-7. (continued)

Species Deuths

Lycopus americanus Muhl

Lycopus rube[lus Moencha

Mikania scandens Willd.a

Mo[iugo vertici[laia L.

Myrica cerlfei-a L.

@riophyIlum spp

Nelumbo Iutea Persoona

Panicum spp.

Panicum anceps Michaux

Panicum hem’itomon Schultesa

Parthenocissus quinquefolia Planchon

Paspalum spp.

Paspalum notatum Pmodi

Paspalum urvillei Steudel

Phytolacca americana L

Plucheafoetida de Candolle

Polygonum spp.

Polygonum deml~orum Meissnerb

Polygonum hydropipereoides Micbauxb

PoIygonum sagittatum L.b

Polypremum procumbeiu L.

Pontederia cordata L.

Potomogeton diversifolius Ra$

Ptilimnium capillaceum Ra~.

Raphanus raphanistmm L

A

(A)

(A)

A>W

(A, W)

(A, 1)

A>W

(A)

w

(A)

33,66, 1

(A, W, 33, 66,1)

(A, W, 66> 1)

A, W

(A, W, 33, 66)

w

(1)

A, W

(w

A

(A)

w

(w

(w, 1)

w

(w, 33, 1)

(A, W)

A, W, 1

(A, W, 33, 66)

A

(A, W, 1)

(A, W>33,66> 1)

A

A, W, 33, 6631

A, W

(A, W)

A

(A)
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Table D-7. (continued)

Species Depths

Rorippa islandica Borbas (1)

Rubus SP~. A, W

(A, W, 6631)

Rumex acetosella L. A

Sacciolepis striata Nasha A, W

(A, W, 33>66, 1)

Sagiitaria la?folia L.a A, W

(A, W)

Salix nigra Marshall A, W

Scirpus cyperinus Ktinth A, W

(A, W, 33, 66,1)

Setaria geniculata Beauvois (w

Solidago spp. (A, W, 33, 66)

Solidago rugosa Miller A

(A, W)

Speculariaperfoliata de Candolle (A, W)

Sphenopholis obtusata Scribner (A, W, 33)

Typha lati~olia L.a A, W, 33,66

(A, W, 33, 66,1)

Ulmus spp. w

Vallisneria americona Michau~a A, W, 33,66, 1

a. Planted species.
b. Multiple or mixed species planted.
Note: Seed bsnk taxa in parentheses; at each depth I above waterline A; at the waterline W and at 33 cm, 66 cm,

and 1 m below waterline.
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Table D-s. Species present in Steel Creek area 1956-1957.a
Summer 1956 Summer I 957

Species survivingin Steel Creek stations stations

Scientific name Common name 3 4 5 3 4 5

Cephalanthus occidentals Common burronbush x x x x x

Bigonia rod;cans

Rhus radicans

T~odium distichum

Ampelopsis arborea

Fraxinus coroliniana

Acer rubrum

A>SSU ~lvatica

Boehmerio cylindrical

Querc.s nigr.

Smilax rotund folia

Triadenum walteri

Ulmus americana

Carpinus caroliniana

Salix nigra

Nyssa aquatica

Liquidambar styractflua

A4ikaniascandt=ns

I1eavirginico

Ludwigia polustris

Smdax [aurfolio

Smilm smallii

Osmunda regalis

Polygonum hydropperoides

Robinia

P[aranus occidentals

Decumaria barbara

Sambucus canadensis

Quercusphellos

Vitis rotundifolia

Tilia helerophyllu

Berchemiu scandens

Lonicera japonica

A/nus serrulaia

Liriodendron rulipl~era

Gelsemium sempemirens

Rhus toxicodendron

Saba/ minor

Lobelia cardinals

Cow itch

Poison ivy

Baldcypress

Peppervint

Water ash

Red maple

Black gum

False ntttle

Water oak

Greenbrier

St. Jotis-won

American elm

Bluebeech

Black willow

Water tupelo

Sweetgum

Climbing hempvi”e

Virginia willow

Water pnrslane

Laurel leaf smilax

Grecnbricr

Royal fern

Water pepper

Locust

Sycamore

Wood V~p

Common elder

Willow oak

Muscadine grape

Bmswood

Supple jack

Japanese ho”eys”ckle

Smooth alder

Tulip tree

Yellow jessanritre

Poison oak

Dwarf palmeno

Csrdinal flower
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TabIe D-8. (continued).
Summer 1956 Summer 1957

Species suwiving in Steel Creek stations stations
Scientificname Common name 3 4 5 3 4 5

wisleria/ru/’2scens Wisteria x

Quercus lyraI. Ovcrcup oak x

Smi/m bona-nox Greenbrier x

Quercus Iaurfolia Laureloak x

Carya aquatica Water hickory x

Arundinario recta Switchcane x.

.saumrus cernuus Lizard’s tail x

a. Source: Welboume(1958).

Table D-9. Species ~ically growing along Steel Creek which have not beenable tosuwiveflooding.a

Scientific name Common name
Pinu.r taeda Loblolly pine

Cornus florida Flowering dogwood

Ilex glabra Inkbeny

Ilex opaca American holly

Lyonia [ucida Fetterbush

Magnolia virginiana Sweetbay

@rica cei-f.ra Southern wsxmyrtle

Osmunda cinnamomea Cinnamon fern

Persea palustris Swarnpbay

Quercus falcata Southern red oak

Quercus michauxii Swamp chesmut oak

a. Source: Welboume (1958).
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Table D.1O. Plant species in the Steel Creek Corridor, Summer 198 1.a

Scientific name Common name

Aspidiaceae
Athyriurn asplenioides

Orroclea sensibilis

Blechnaceae
Woodwardia areolata

Pinaceae
Pin us taeda

Taxodiaceae
Taxodium distichum

Typhaceae
Typha IatZfoIia

Sparganiaceae
Sparganium americanum

Alismataceae
Sagittaria IatrfoIia

Poaceae
Uniola latzfolia

Elymus virginicus

Leersia

Parricum agr-ostoides

Panicum dichotomum

Eriarrthus gigmrteus

Cyperaceae
Scirpus cyperinus

Rhynchospora corniculata

Carex glaucescens

Araceae
Peltandra virginica

Commelinaceae
Commelina virginica

Arrei[eme keisak

Southern lady fern
Sensitive fern

Netted chain-fern

Loblolly pine

Bald cypress

Common cattail

Bur reed

Wapato, duck-potato

River oats
Wild rye grass
Cut grass
Redtop panicgrass
Spreading witchgrass
Sugarcane beard grass

Knot grass

Arrow arum

Dayflower
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Table D-IO. (continued).

Scientific name Common name
Juncaceae
Jurrcus e~sus Common rush
Juncus carradensis Canada rush

Liliaceae
Smilax rotundl~olia Greenbrier
Smilo.x glauca Sawbrier

Saurnraceae
Saururus cernuus Lizard’s tail

Salicaceae
Salix Willow

Myricaceae
Myrica cerz~era Wax myrtle

Betulaceae
Alnus seri-ulata Tag alder

Fagaceae
Quercus Iaurfo[ia Laurel oak

Ulrnaceae
Celtis Iaevigata Sugarbe~

Urticaceae
Boehmeria cylindriea False nettle

Polygonaceae

Polyganum pensylvanicum Pinkweed
PoIygonum hirsufum Hairy knoweed
Polygonum persicaria

Polygonum hydropiperoides Waterpepper
Polygonum sagittatum Arrow-leaved tearthumb
Palygonum Iapathlfolium

Magnoliaceae

Liriodendron tulipzfera Tulip tree
Magnolia virginiana Sweet bay

Saxifragaceae
Itea virginica Virginia willow
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Table D-10. (continued).

Scientific name Common name

Hamamelidaceae

Liquidambar styraczjlua Sweetgum

Platanaceae
Platanus occidentaiis Sycamore

Rosaceae
Rub us Blackbeny
Prunus serotina Black cherry
Amelarrchier Serviceberry

Fabaceae (Leguminosae)
Lespedeza cuneata Sericea
Apios americana Groundnut

Anacardiaceae
Rhus copallina Winged sumac

Aquifoliaceae
IIex opaca Holly

Aceraceae
Acer rubrum Red maple

Balsaminaceae
Impatiens capensis Jewelweed

Rhamnaceae
Berchemia scandens Supple jack

V1taceae
Parthenocissus quirrquefolia Virginia creeper
Vitis rotundlfolia Muscadine
AmpeIopsis arborea Pepper vine

Hypericaceae
Hypericum hypericoides St. Andrew’s cross
Hypericum mutilum Dwarf St. John’ s-wort
@pericum walte.i Marsh St. John ‘s-wort

Ouagraceae
Ludwigia decurren. Primrose willow
Ludwigia leptocarpa

Ludwigia virgata
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Table D-10. (continued).

Scientific name Common name

Apiaceae @mbelliferae)

Cicuta macrdata Water hemlock

Nyssaceae
Nyssa sylvatica var. bi~ora Water gum

Cornaceae
Cornusjlorida Flowering dogwood

Ebenaceae
Diospyros virginiana Persimmon

Oleaceae
Ligustrum Privet

Loganiaceae
Gelsemium sempewirens Yellow jesssmine
Polypremum procumbent

Convolvnlaceae
Cuscuta compacta Compact dodder
Cuscuta gronovii Dodder

Hydrophyllaccae
Hydrolea quadrivalvis

Verbenaceae
Callicarpa americarsa

Lamiaceae (Labiatae)
Scutellaria Iaterljlora

Lycopus americanus

Lycopess rebellus

Scrophnlariaceae

Mimulus alatus

Bignoniaceae
Campsis radicans

~

Rnb]aceae

Cephalanthus occidentals

Galium tirrctorlum

French mulberry

Skullcap
Bugleweed
Water horehound

Monkey flower

Trumpet vine, cow-itch vine

Button bush
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Table D.1O. (continued).

Scientific name Common name

Caprifoliaceae
Lo;icera japonica Japanese honeysuckle

Sambucus canadensis Elderbe~

Asteraceae (composite)
Eupatorium capilll~olium Dog-fennel
Mikarria scandens Climbing hempweed

Baccharis haliml~o[ia Groundsel-tree
Aster Aster

SoIidago canadensis Goldenrod
Solidago gigantea Goldenrod
Solidago rugosa Goldenrod

a. Source: Smith, Sharitz, and Gladden (1981).
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Table D-Il. Plant species found in Steel Creek Delta, Summer 1981.a
Scientific name Common name

Ophioglossaceae

Bohychium

Osmundaceae

Osmrmda regalis spectabilis

Aspidiaceae

Otroclea sensibilis

Aspleniaceae

Asplenium platyrreuron

Azollaceae

Azolla caroliniana

Taxodiaceae

Taodium distichurn

Typhaceae

Typha latfolia

Sparganiaceae

Sparganium americanum

Potamogetormceae

Potamogeton berchtoldii

Alismataceae

Echinodorus coj-d,folius

Sagittaria graminea

Sagittaria Iadfolia

Poaceae

Arundinaria gigantea

Leersia

Paspalum urvi[lei

Paspalum~uitans

Panicum agrostoides

Panicum ~rrrrrocarpon

Panicum

Grapefem

Royal fern

Sensitive fern

Ebony spleenwort

Mosquito fern

D-24

Bald cypress

Common cattail

Bur reed

Pondweed

Burhead

Wapato, duck-potato

Giant cane

Cut grass

Vasey grass

Redtop panicgrass

I
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Table D-II. (continued),

Scientific name Common name

Cyperaceae

Cyperus haspan Sheathed cypenss
Cyperus

E1eocharis

Eleocharis quadrangulata

Scirpus cyperinus

~nchospora conricrdata

Carex joorii

Carex

Aracaceae

Sabal minor

Lemnaceae

Spirodela oligorrhiza

Lemna perpmi[la

Wolfiapapulfera

Bromeliaceae

TiIlandsia usneoides

Commelinaceae

Comme[ina virginica

Aneilema keisak

Juncaceae
Juncus efisus

Llliaceae

Smilax rotund fo[ia

Smilax bona-nox

Smilax walteri

Smilax tamnoides

Medeola virginiana

Orchidaceae

Spiranthes

Saururaceae

Saururus cer-nuus

Knot grass

Palmetto

Duckweed

Water-meal

Spanish moss

Dayflower

Common msh

Greenbrier

Catbrier

Coral greenbrier

Bristly greenbrier

Indlarr cucumber-root

Ladies’ tresses

Lizard’s tail
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Table D-Ii. (continued).

Scientific name Common name

Salicaceae

Salix nigra Black willow

Populus de[toides Cottonwood
Poprdus heterophylla Swamp cottonwood

Myricaceae

Myrica cerfera Wax myrtle

Juglandaceae

Carya aquatica Water hickory

Betulaceae

Carpinus caroliniana Ironwood

Fagaceae

Quercus &rata Overcup oak
Quercus michanii Swamp chestnut oak
Quercus [aurfolia Laurel oak
Quercus nigra Water oak

Ulmaceae

Umus anrericana American elm
UImus alata Winged elm
Planera aquatica Water elm
Celtis laevigata Sugarberry

Urticaceae

Boehmeria cylirrdrica False nettle

Polygonaceae

Polygonum hydropiperoides WaterPepper
Polygonum lapatht~olium

Polygonum sagittatum Arrow-leaved tearthumh

Phytolaccaceae

Phytolacca americana Poke

Ceratophyllaceae

Ceratophyllum demersum Homwort

I
I
I
I
1
1
I
I
I
I
1
I
I
I
I
I
1
I
1
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Table D-II. (continued)

Scientific name Common name

Nymphaeaceae

Nuphar luteum Cow-1ily

Saxifragaceae

Itea virginica Virginia willow

Decumaria barbara Climbing hydrangea

Hamamelidaceae

Liquidambar styracl~ua Sweetgum

Platarsceae

Platanus occidentals Sycamore

Rosaceae

Rub us Blackbe~

Crataegus Hawthorn

Fabaceae

Gleditsia aquatica Water locust

Wisteria+utescer7s Wisteria

Apios americarsa Groundnut

Meliaceae

Melia azedarach China-berry

Callitrichaceae

CalIitriche heterophylla Water starwort

Anacardiaceae

Rhus radicans Poison ivy

Aquifoliaceae

Ilex opaca Holly

Ilex decidua Possum haw

Acaraceae

Acer rubrum Red maple

Hlppocastanaceae

AescuIus pavia Red buckeye

Aesculus sylvatica Buckeye
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Table D-II. (continued)

Scientific name Common name

Balsaminaceae

Impatierrs capensis Jewel-weed

Rhamnaceae

Berchemia scanderrs Rattan vine

Vltaceae

Vitis rotundZfoIia Muscadine

Vitis aestivalis Summer grape

Ampelopsis arborea Pepper vine

Malvaceae

Hibiscus militaris Halbard-leaved marsh mallow

Hypericaceae

Hypericum walteri Marsh St, John’ s-wort

Hypericum mutilum Dwarf St. John’ s-wort

Vlolaceae

Viola Violet

Onagraceae

Ludwigia decurrens Primrose willow
Ludwigia leptocarpa

Ludwigia palustris Water purslane

Haloragaceae

Myriophyllum brasiliense Parrot-feather

Apiaceae (Umbelliferae)
Hydroco~le ranuncrdoides Marsh pennywort
HydrocoWle Mrash pennywort
Cicuta macrdata Water hemlock

Nyssaceae

Nyssa aquatica Tupelo gum, water tupelo

Oleaceae

Fraxinus caroliniana Water ash
.rraxinus americana White ash
Forestiera acuminata Swamp privet

1
1
1
I
I
I
I
1
1
1
I
I
I
I
I
I
I
B
1
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Table D-11. (continued),

Scientific name Common name

Asclepiadaceae

Asclepias Milkweed

Convolvulaceae

Cuscuta Dodder

Hydrophyllaceae

Hydrolea quadrivaivis Hydrolea

Lamiaceae (Labiatae)

Scutellaria laterl~ora Skullcap

Lycopus virginicus Bugleweed

Lycopus rubellus Water horehound

Scrophulariaceae

Mimulus alatus Monkey flower

Mimrdus ringens Monkey flower

Biguouiaceae

Campsis radicans Trumpet vine, cow-itch vine

Leutibulariaceae

Utiicrdaria subrdata Bladderwort

Acauthaceae

Justicia ovata Water-willow

Rubiaceae

Cephalarrthus occidentals Button bush

Diodia virginiana Larger buttonweed

Gcdium obtusurn Bedstraw

Galium tinctorium

Caprifofiaceae

Lonicera japonica

Camparrrdaceae

Sphenoclea zeylandica

Lobelia cardinals

Japanese honeysuckle

Cardinal flower
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Table D-Ii. (continued).

Scientific name Common name

Loganiaceae

Gelsimium sempewirens Yellow jessanrine

Asteraceae (Coarposilae)

Mikania scandens Climbing hempweed

P1uchea rosea Marsh-fleabane

Aster Aster

Solidago gigantea Goldenrod
Bidensfiondosa Beggar ticks

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

I
1
I
I
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Table D-12. Wetland types of the Steel Creek Delta.a

Wetland types Description

Aquatic bed - rooted vascular
(Myriophyllum brasiliense)

Emergent wetland - persistent
(Leersia spp.)

Emergent - nonpersistent
(Hydrolea quodrivalvis)

Scmb-stib wetland - broad-
leaved deciduous (Cephalanthus

occidentals - Salix nigra)

In tbe canopy-reduced-deepwater zone, where the main flow of Steel Creek
courses northeasterly, the ~round aspect is one of open water, approximately
2 meters deep beneath scattered live bald cypress (Taodium distichum) trees IT,

which are remnants from the pre-Savannah River Site swamp. Scattered
stumps of dead trees occur bearing shrubs [e.g., buttonbush (Cephalanthus

occidentals), Virgbt ia willow (Itea virginica)], young trees [e.g., water ash
(Frainus caroliniana), water ebn (Plan.ra aguatica)], and herbs [e.g., false
nettle (Boehmeria cylindrical), marsh St. John’s-wort (Hypericum wa~teri)].

Patches of duckweed (Lemna pei-pusilla) collect on ma~ of submerged
vascular plants such as homwort (Ceratophyllum demersum) and parrot-
feather (Myriophyllum brailieme) which root on subsurface logs, tree and
stump bases. where the water flow is slow, Polygonum lapath{~o[ium forms
dense colonies.

Persistent emergent monocots dominate a large area (17,7 percent of the
delta) of the deltaic fan. Except during extreme drought periods, the water
level during the growing season is 10 to 50 centimeters deep, excluding old
stream channels which are as much m 1 meter deep.

Although the dominant herbaceous species vary with water depti and
location on the deltaic fan, scattered shrubs [buttonbush and black willow
(Salix nigra)] are usually present. Cut grass (Leersia spp.) is dominant with

ITE

abundant redtop panicgrass (Panicum agrostoides) as sound cover except
under dense woody vegetation and in the deeper stream channels,

These grasses are usually ovenopped by knot grass (Scirpus cyperinw,

approximately 2.5 meters tall) which is the aspect domtimt on aerial photos
as well as on the ground. There are also several, nearly monotypic, stands of
canail (Typha latl~olia). The numerous old stream channels which cross the
deltaic fan =e dominated by the herbaceous species characteristic of the

Nonpersistent emergent wetland (see below).

This mapping unit is characterized by emergent vascular plants that die back
to the ground during the wtiter. Relatively monospecific, as well as mixed,
colonies of hydrolea (Hydrolea quadrivalvis), Aneilema keisak, wate~epper
(Polygonum hydrop;peroides), water purslane (Ludwigiapalustris), and
wapato (Sagittaria lari~olia) dominate. These characteristic, nonpersistent
species are also common in old stream beds throughout the deltaic fan in the
Persistent emergent and Scmb-shmb wetland types.

Standing dead trees and stumps are numerous md bear characteristic stump
community vegetation ticluding buttonbush, water ash, water elm, false
nettle, and marsh St. John’ s-won.

On the deltaic fan, where the water is less than 50 centimeters deep (deeper
in stream channels), buttonbush or black willow dominate the uppermost
layer. Buttonbush dominates the canopy in some areas and composes the
understory of sites dominated by willow (.Sa/ti SP.). hot grass joins the
woody species in the upper stratum while cut grass covers most of the

IT,

ground. Redtop panicgrass, beggar ticks (Bidensfiondosa), false nettle, and
marsh St. John’ s-wort are common in many places. Climbing hemp
(Mikania scandens) and pepper vine (Ampelopsis arborea) are vines which
are frequently found in the shmbland. Whhin the Sctub-shrub wetland here
are also open areas of Persistent emergent wetland and old stream channels
dominated by herbs.
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Table D-12. (continued).

Wetlmd tvves Description

Mixed scrub-shrub/nonpersistent
emer~ent wetkmd (Cephalanthus

occidentalis/Po lygonum

lapathfolium)

Forested wetlmds - broad-leaved
deciduous (SaI& ni~u)

Forested wetlands - broad-leaved

1“7E deciduous (Quercus Iyrata -

CaVa aquatica - Nyssa
aquat;ca)

Forested wetlands - broad-leaved
deciduous (Quercus laurz~olia)

TE

Forested wetkmds - mixed
deciduous (Toxodium distichum -

Nyssa aquatica)

Forested wetkind - mixed
forested/scnrb-shrub wetlrard
(Taxodium distichum/

Cephalanthus occidentolis)

In the delta, shrubs and young trees (buttonbush, Virginia willow, water elm,
water ash) are restricted to the many stumps remaining from the original
forest. Numerous live bald cypress (20 meters tall) are scattered about. The
stump bases have the characteristic stump-community herbs (false nettle and
marsh St. lohn’s-wort) as well as several vines including poison ivy (Rhus

radicans), pepper vine, and wisteria (Wisteria futescens).

Black willow trees over 5 meters tall dominate the more elevated pofiions of
the deltaic fan with buttonbush as an understory. The ground is dry or
flooded by less thmr 15 centimeters of water. The herbaceous vegetation
under the willow is relatively spar’se due to the density of carropy closure.
Small patches of herbs include: redtop panicgrass, waterpepper, false nettle,
marsh St. John’s-wort, md sensitive fern (Onoclea semibilis).

Adjacent to, arrd slightly higher in subsmnce elevation than the
c~ress-tapelo (Nyssa aquatica) swamp, is an area of broad-leaved deciduous
mees. Although dry dining most of tfre growing season, this area is subject to
seasonal flooding of longer duration tfmn areas on the deltaic fan. Several of
the more common species in this vegetation we leaf-out late in the season
and can withsmnd flooding that lasts even as late as July.

This mapping unit is found only on islands in tie swamp which me slightly
higher in elevation tbm the surrounding swamp and therefore inmrdated for
shorter periods. The canopy (over 20 meters tall) contains laurel ouk
(Quercus laurfolia), overcup oak (Quei-cus lyrata), swamp chesmut oak
(Queras michauxil>, red maple (Acer rubrum), mrd water hickory (Carya
aquotica).

The natural c~ress-typelo swamp typifying the pre-Savarm& Mver Plant
swamp composition extends beyond the delta to the Savmah River. Water
to 2 meters deep flows slowly over a shallow substrate (less than 0.5 meter
deep) of organic and fme particulate material, Flooding is mairrtained during
the growing season by regulation of resemoir levels upstream on tfre
Savammh River md by flow from Fourmile Creek and Pen Branch.

This mapping unit occupies a pmtion of the delta to the west of the deltaic
fan, A patchy canopy of bald cWress (greater than 20 meters tall) covers
about 50 percent of the zone. The mderstory is a mixtare of buttonbush,
water ash, md water ehn. Cut grass dominates the ground cover with
abundam marsh St. Joim’s-wort and beggar ticks. Open areas where tbe

cYPress CMIOPYis ve~ sp~se ~e dOmfiated by species of the Nonpersistent
emergent wetland intemixed with marry stumps bearing woody 8rowth.

The water varies from 50 to 80 centimeters deep (except in channels) over a
deep (more than 50 centimeters) subsnate of orgmic and fine inorganic
sediment,

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

b. spp. = species (plural).
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APPENDIX E

PUBLIC COMMENTS AND DOE RESPONSES

DRAFT ENVIRONMENTAL IMPACT STATEMENT

SHUTDOWN OF THE RIVER WATER SYSTEM AT THE SAVANNAH
RIVER SITE

E.1 Introduction

The U.S. Department of Energy (DOE)
published the Draft Environmental Impact
Statement (EIS) on the Shutdow of the River
Water System in November 1996. DOE
announced the availability of the document in
the Federal Register on November 15, 1996.
On December 4, 1996, DOE held public
meetings to receive oral and written comments
on the Draft EIS in North Augusta, South
Carolina. The public comment period ended on
December 30, 1996. The Final EIS (FEIS) is
available for review in DOE reading rooms in
Washington, D.C. and Aikerr, South Carolina,
and DOE has distributed it to individuals, public
agencies, Federal and state officials who
requested a copy, and to persons and agencies
who commented on the Draft EIS.

Comt reporters documented comments from 29
people in official transcripts. DOE also
received 16 letters on the Draft EIS through
regular mail, facsimile transmission (fW), and
electronic mail (E-mail). Five of the letters
were from Federal agencies and three were from
agencies and offices of the State of South
Carolina.

This appendix presents the comments received
and the DOE responses to those comments. It
includes comments made at tie public meetings
and the letters submitted to DOE. If a statement
or comment prompted a revision to the EIS,

DOE identified tie revision by a vertical line
(change bar) in the margin of the document
along with a letter-code.

. Hearings H1

. Letters L1 though L16

DOE numbered the specific comments in each
letter or oral presentation sequentially (01, 02,
etc.) to provide unique identifiers. Table E-1
lists the individuals, government agencies, and
other organizations that submitted comments
and their unique identifiers. The hearing
comments are organized in categories, which
are discussed below.

The comments arrd statements reflected a
number of issues about the EIS. The following
sections describe those issues and provide
responses to the comments. The U.S.
Environmental Agency (EPA) gave the Draft
EIS a rating of EC-2, which means that EPA
had environmental concerns about the project
and that it wanted more information to assess
the impacts fully. In particular, the issue of
ecological risks warranted fnrther discussion in
the Final EIS. EPA stated that “overall the draft
EIS is well witten and illustrated. We agree
that the format used enhances the clarity of the
presentation of analyses.”

E-1
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Table E-1. Public Comments on the Draft River Water Environmental Impact Statement.

L1
L2

L3
L4

L5

L6

L7

L8

L9

L1O

L1 1

L12

L13

L14

L15
L16

Todd V. Crawford
Todd V. Crawford
K. G. Craigo
Andreas Mager, Jr.

National Marine Fisheries Sewice
John G. Irwin

Savannah River Forest Station
Robert E. Duncan

South Carolina Department of Natural Resources
I. Lehr Brisbin, Jr.

Savannah River Ecology Laboratory
F. Ward Whicker

Colorado State University
Tim Connor

Energy Research Foundation
Heinz J. Mueller

U.S. Environmental Protection Agency
Gary Wein

Savannah River Ecology Laborato~
W, Lee Poe, Jr,
Sally C, Knowles

South Carolina Department of Health and Environmental Control
Rodney P. Grizzle

Office of the Governor
Citizen Adviso~ Board
Willie R. Taylor

E-12
E-14
E-16
E-18

E-2 1

E-24

E-26

E-34

E-39

E-52

E-64

E-71
E-75

E-so

E-9 1
E-95

U.S. Department of the Interior

E-2
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E.2 Synopsis of Comment Categories

Future Missions/Costs

DOE mote this EIS to determine if, in a period

of decreasing funding, it should continue to
operate the River Water System at the Savannah

River Site; the system has no current mission
aud will become more expensive to operate.
The proposed action of the EIS is to shut down
the River Water System and to place all or part
of the system in a standby condition that would
enable restart if conditions or mission changes
required its operation. Commentors expressed
concerns about the true cost savings that
shutdown would bring or how fisture unknown
missions could require the use of the system.
One organization expressed concern that
shutdown might he “penny wise and dollar
foolish” (Energy Research Foundation letter L9
of December 30, 1996) because the recession of
L-Lake could undermine the DOE
environmental remediation program. Six
commentors made 15 comments on future
mission aud cost issues.

Loss of Terrestrial. Aarratic. or Wetlands
Habitat~ffects on Endans?ered Sssecies

The implementation of the shutdown
alternatives would cause a reduction in habitat
for fish, amphibians, reptiles, semiaquatic
mammals, wading birds, and waterfowl; replace
the reservoir ecosystem with a small stream
ecosystem; potentially expose animals foraging
in the Iakebed after drawdown to contaminated
sediments, cause a loss of submerged and
floating-leaved aquatic plants; cause a loss of
foraging habitat for bald eagley potentially
expose wood storks to increased levels of
contaminants; and over time displace L-Lake
alligators. Commentors in 12 letters and in both
sessions of the public hearing expressed concern
about these impacts.

Land Use~rivatization

DOE discussed kmd use in the 1996 SRS Future

Use Project Report, which summarized
stakeholder- prefemed future use
recommendations that DOE uses to consider
ongoing and future land use needs, The report
recommended unchanged SRS boundaries and
maintenance of the larrd under Federal
omership; prohibition of residential uses of
SRS land; multiple land uses (e.g., recreation,
natural resource management) rmd consideration
of privatization; and pursuit of natural resource
management where possible. Three letters arsd
one meeting comment discussed future land
use/privatizatiOn issues.

Human (Occupational and Public)
HealthEcological Risk

Analysis of the proposed action indicates that
the level of L-Lake would recede to the original
Steel Creek stream channel, thereby exposing
contaminated sediment, and that the surface-
water level of Par Pond would continue to
fluctuate naturally near full pool of about 200
feet. The changes in the lakebed would expose
sediments (e.g., a lake level of 196 feet would
expose about 340 acres of sediment). The
exposed sediment would dry and could become
suspended in the atmosphere, available for
inhalation by onsite workers and the offsite
population witiin 50 miles. DOE would also
stop pumping water to the reactor areas and
stream flows would revert to original levels,
which would not expose additional sediments.
Minimal impacts would occur from increased
concentrations of contaminants in the affected
streams. The effects of increased concentrations
are addressed in Sections 4.2.8.2 aud B.6. Four
comment letters and several meeting
participants expressed concerns about human

E-3
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health risks from radiological exposure; several
letters were concerned about ecological risk.

Potential Remediation and NEPMCERCLA
Integration

DOE has established the process for
environmental restoration activities at the SRS
in accordance with tbe Federal Facility
Agreement (FFA). In evaluating the shutdown
of the River Water System, the EIS considers a
number of actions that DOE would have to

implement before shutting the system down or
continuing operation with a small pump. DOE
also considers potential future actions that could
affect decisions on appropriate actions for the
River Water System. Commentors in three
letters and at the meetings expressed concerns
about coordinating the EIS and FFA processes,
expediting the FFA process to facilitate the
implementation of cleanup and operational
shutdown activities; and the possibility of an
expensive cleanup action.

E.3 Summary Analysis of Hearing Comments and Issues

The public meetings consisted primarily of Campus, Gregg-Graniteville Library, 2nd floor,
informal discussions on the draft EIS, The Universi@ Parkway, Aiken, South Carolina,
transcripts yielded a number of public 803-648-6851.
comments and concerns, but because of the
informal nature of the hearing, these comments Future Missions/Cost
were not sequential or easy to assi~ identi~ing
numbers. Therefore, this section contains a A number of commentors identified concerns

synopsis of the hearing comments. The about future missions at the SRS and potential

comments are grouped in the categories listed in interactions with the River Water System. In

Table E-2. Table E-2 also lists the number of addition, commentors were concerned abOut
comments received in each category. The whether shutting down the K]ver Water System

sections following the table discuss the would actually save money, These concerns

comments by category, the DOE responses, and included the following:

any resulting changes to the Final EIS. DOE
did not identify comments from the meetings ● The potential future need for L-Lake

that dealt with Potential Remediation.
● Keeping the R]ver Water System available

for the accelerator project
Transcripts of the public meetings are available
for review at the DOE Public Reading Room at ● The future of the River Water System

the University of South Carolina, Aiken

Table E-2. Summary of informal public hearing comments applicable to the River Water Environmental
Impact Statement.a

Numberof
Commentcategory comments

Futuremissimrs/co$t 15
Loss ofhabitatiendmgered species 3
Land uselprivatization 1
Human health ~

Potential remediation o
No specificcategory 5

a. DOE held two sessions of the public hearings on December 4. Three commentors contributed 13 comments at
the afternoon session; 6 commentors contributed 14 comments at the evening session.
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●

●

e

●

.

●

.

Maintaining the level of Par Pond

Impacts on SRS if the system is shut down

The amount of money a shutdown would
save

The amount of water in the watershed to
generate enough flow

The lack of cohesive and unified plans for
new missions at the SRS

The need for water emergency purposes

Consistency with the SRS 10-year plan

The hearing attendees asked several questions
about the future of the River Water System,
including its use for potential new missions,
potential future needs for L-Lake, and
maintaining the level of Par Pond.

DOE proposes to shut down the River Water
System but maintain it for potential future uses.
The Proposed Action (and Preferred
Alternative) offers flexibility in the portions of
the system that would be maintained, the time it
would take to restart the system, and the
methods employed during layup to enable
restart. The Proposed Action represents a
middle ground between WO other alternatives
evaluated in the EIS. Under the No-Action
Alternative, DOE would operate the system
with a small pump that is sufficient to maintain
L-Lake at its normal water level and provide
water for other minor uses. Under the other
bounding alternative, Shut Down and
Deactivate, DOE would shut down the system
with no measures to permit restart of the system.

DOE presented three examples for restarting the
system. DOE does not wish to imply that it
expects to need to restart the system for the
situations presented but 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).

Under either shutdow alternative, L-Lake is
expected to drain and expose very low levels of
contamination in the lake exclusive of the

stream channel and floodplain. Because the
stream channel and floodplain that are beneath
L-Lake have similar contamination levels as the
upsrrearn and downstream reaches of exposed
channel and floodplain, DOE believes the
example possibility of refilling the system as a
mediation measure is very remote. DOE has not
identified future missions that would require
L-Lake.

Similarly, DOE presented an example of
restarting the system to pump to Par Pond.
Maintenance in standbv would enable DOE to
honor its commitment to remedy the unlikely
drawdown of Par Pond in the n~ar term untii
final CERCLA remedial actions are
implemented. DOE believes that Par Pond
would not fall below the 195 foot level unless
there was a catastrophic drought that would also
affect water quality in other regional lakes and
streams. In calendar year 1996, a dryer-than-
average year, the lowest daily lake level was
199.21 feet. Nevertheless, DOE prefers to
maintain the River Water System after
shutdown and, if necessary, would restart the
system, pump to Par Pond, and bring the water
level to an appropriate level above 195 feet. See
Section 3.3.1.1.

One commentor asked how much money a
shutdown would save. DOE describes costs of
shutdown versus operation (no action) in
Sections 3.1,3.2, and 3.3. Maximum savings
would occur in the Shutdown and Deactivate
Alternative. This alternative would save about
$1.5 million per year. Annual savings under the
Shutdown and Maintain Alternative would vary
from about $175,000 and $1.4 million
depending on the time required to restart the
system, whether the system piping is
pressurized by a jockey pump or drained, and
whether tie line that Accelerator Production of
Tritium (APT) would use is maintained or
deactivated.

There are other known or potential costs
associated with the shutdown alternatives
(e.g., a septic tank and tile field to replace
blending water for the L-Area sanit~
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wastewater discharge). DOE has revised
Section 3.3 to include these costs.

The impacts on SRS if DOE selects a shutdown
alternative aredocumented in Chapter4. As
presented in Section 4.1.5, the most dramatic
effects would be on the ecology of L-Lake.
DOE believes there are also beneficial impacts
associated with ashutdownactiorr. In addition
to cost savings, DOE has considered indirect
beneficial impacts such as reduced energy
consumption, reduced entrainment of fish larvae

and fish eggs and impingement of fish in the
Savannah River, and restoration of the pre-SRS
ecosystem, including 225 acres floodplain
forest.

Although planning for new missions is not
within the scope of this EIS, DOE, identified its
Prefemed Alternative in response to potential
new missions, Theexample that was presented
foranewmission was APT. Other potential
missions that might require enough cooling
water to make the use of the River Water
System a viable option include the Tritium
Extraction Facility, International Thermonuclear
Experimental Reactor and Mixed Oxide Fuel
ManufacturingP lant, Under tbe Proposed
Action, the R]ver Water System could be
restarted intimeto provide cooling water for
these potential missions.

The a~,erage annual natural flow to L-Lake dam
isestimated to be 10cubic feet (0,28 cubic
meters) per second. This rate is basedon
watershed size, adjacent gaged sites of similar
size that are upstream of river water discharges,
and the characteristics of Steel Creek when it
wasnot receiving the large cooling water flows
from P-or L-Reactor. DOEperformedan
in-stream flow study and found that this
discharge would support an aquatic community
similar to that which existed prior to the restart
of L-Reactor. This natural flow would not be
sufficient to sustain L-Lake, but it would allow
regro~h and restoration of diverse ecosystem
astbe lake recedes.

DOE has carefully evaluated the shutdown
alternatives and has not identified a need for
continued or new uses of the River Water
System. Thesystem hasnotbeen used for
emergency pu~oses, and DOE is well equipped
to respond to emergencies without the River
Water System (e.g., to provide firewater).

DOE has determined that current river water
flows to C- and P-Reactors are not needed, For
example, although the 10-Year Plan identifies
P-Area transition to long-temr monitoring in
2002, the P-Area sanitary wastewater plant was
disconnected in November 1996. Because it is a
package unit, it is being maintained for potential
use at another location,

Loss of Terrestrial. Aauatic. or Wetlands
Habitat/Effects on Endangered Suecies

A number of commentors identified concerns
about sensitive habitats and threatened and
endangered species in the area of L-Lake and
Par Pond, including the following:

. Use of L-Lake by wood storks

● Proximity of bald eagle nests to L-Lake

. Coordination with other SRS environmental
organizations such as the Savannah River
Ecology Laboratory on the restoration of
natural habitat to Steel Creek

Tables S-2 and 3-4 list expected impacts to
wood storks and bald eagles from the
alternatives; Section 4.1.5 discusses potential
impacts to ecological resources. DOE
coordinates with many Federal and state
agencies; it has received comments from
Savannah River Ecology Laboratory (Letters 7
and 11). DOE appreciates the comments from
Savannah R]ver Ecology Laboratory and has
attempted to take tiese comments into
consideration in writing the FEIS.
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Land Use/Privatization

One commentor was concerned about the
condition of Steel Creek below the dam. This
person asked if the stream had returned to a
nomral vegetative system as it was in 1951.

No studies characterizing the wetland vegetation
of the Steel Creek corridor before the
establishment of the SRS are available, but
Upper Three Runs, a relatively undisturbed
backwater stream on the SRS, can illustrate the
likely wetlmrd 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
(K Americana), pondweed (Potamogeton
epihydrous), and bulmsh (Scirpus
subterminalis). Golden club (Oonzium
aquaticum), wapato (S. latr~olia), water
primrose (Ludwigiu spp.), and knoWeed
(Polygonrrrn spp.) occur on small floodplains.

Although the Steel Creek corridor has not fully
re-established its historic vegetative system,
signs of recovery are evident.

A recent mapping effort by the SavannA R]ver
Ecology Laboratory mapped aerial coverage of
the Steel Creek corridor and delta in 1996.
Three vegetation classes were identified:
marsh, scmb-shmb, and hardwood. The
hardwood class covered the largest acreage,
1,185.1, and was predominated by a young
developing stand of bald cypress, tupelo, and
ash. The marsh class covered 48.3 acres and
was dominated by cutgrass (Leersia spp.) and
wapato. The scrub-shrub class covered
20.7 acres and was predominated by willow and
buttonbush.

Human (Occupational and Public)
Health/Ecological Risk

A number of commentors identified the
following concerns about increased
radioactivity levels that could result from a
shutdown of the River Water System and the
subsequent exposure of the bed of L-Lake

. The effect of wind blowing the radioactive
contamination from the Iakebed

● The amount of low-level and other
radioactive contaminants in the area

. The types of instmments used to determine
radioactivity levels and the readings they
showed

As discussed in Section 4.1.8.2 in the EIS and
Figures 4-23 and 4-24, the Multimedia
Environmental Pollutant Assessment System
(MEPAS) code (Droppo et al. 1995) evaluated
several contaminant pathways to human
receptors including those arising from
suspension and resuspension of sediment
particles from the dry lakebed. Factors
considered in the impact evaluation included
contaminant concentrations in the soil, area of
exposed dry sediment, average wind speed,
maximum wind speed, number of disturbances
in the sediment by humans, number of
thunderstorms per year, annual average rainfall,
local mass-loading factors, resuspension factors,
atmospheric dispersion, and plum depletion.
All of these factors were used to estimate
impacts to onsite workers asrdoffsite
populations through the inhalation and ingestion
pathways. These impacts resulting from the
drawdown of L-lake estimated as latent cancer
fatalities are presented in Section 4.1.8.2.2.

Section 4.1.8.1 of the EIS discusses the methods
used to obtain a contaminant concentration in
the L-Lake sediments. These validated data are
presented in Table 4-14 and in Appendix C. To
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obtain these data, samples obtained from the

L-Lake sediment were analyzed in the

laboratory using appropriate instrumentation

(e.g., hyper-pure germanium solid state
detectors were used to detect and identify
radionuclides). Alllaboratory analyses were
performed by trained laboratory technicians
using state-of-the-art equipment traceable to the
National Institute of Standards and Technology.

Appendix C presents the results of DOE’s
measurements of radioactivity and radioactive
contamination. Theecological andhumarr
heaIth analyses presented in this EIS utilize this
comprehensive data to determine the potential
risks associated witi those contaminants found
in the lakebed sediments and contaminants that
could be released as a result of human or natural
actions (wind). Any necessary remedial actions
for the NO locations will be assessed in
accordance with the process set forth in the
Federal Facility Agreement.

No SDecific Cate.o~

A number of comrnentors expressed concerns
that did not belong in a specific category. The
following sections address these concerns.

. Amount of Water Pumped

Although the current River Water System
demand is 5,000 gallons per minute, DOE is
operating one of the 10 pumps in
Pumphouse 3G, which supplies
approximately 28,000 gallons of river water
per minute to C-, K-, L-, and P-Areas. DOE
has purchased and will soon operate a small
5,000-gallon-per-minute pump and save
about 23,000 gallons per minute of excess
withdrawal. Because the small pump will
operate before DOE decides which
alternative to select, it is used as the

E-8

baseline condition for assessing the
No-Action Alternative.

. Pump and Treat

Pump and meat is a groundwater cleanup
method that pumps contaminated
groundwater to treatment systems to reduce
contaminant concentrations. After
treatment, the water is either injected back
to the groundwater aquifer or discharged to
a surface-water stream. In relation to this
EIS, DOE has not identified relevant
applications of this method.

. Water Reduction Impacts

A reduction in water flow would cause areas
currently beneath L-Lake to become
exposed and dry out. DOE analyzed the
impacts of such a drying process, which
could result in increased levels of airborne
contain immts and erosion. DOE expects
these increased levels to occur over a short
period (less than a year after complete
equilibrium) and to be far below levels of
Federal and state regulato~ concern.

● References cited in text and qualifications
of EIS authors

Each referenced document cited in the EIS
aPPears in a reference list (Chapter 6~ the
documents referenced in the EIS and its
appendixes are available in public reading
rooms at the University of South Carolina,
Aiken Campus, Gregg-Graniteville Libr~,
2nd floor, University Parkway, Aiken,
South Carolina, 803-648-6851.

The EIS contains a List of Preparers, which
includes each person who contributed to the EIS
and that person’s qualifications, education, and
skills.
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COMMENT FORM

PUBLIC MEETING ON THE
DRAFT ENVIRONMENTAL IMPACT STATEMENT

SHUTDOWN OF THE RIVER WATER SYSTEM
ATTHESAVANNAH RIVER SITE
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tircn %tir~~
Fullname (@camprlno

Tae organizationYourepresent OfanY)

Street address

//03 Gnqe, h.
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1

Comment HI. Page 1 of 2.
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E.4 Responses to Comments on Draft RWEIS: Hearings

Ress)onse to Comment HI

The percentage of cancer deaths reported in the

EIS, 23.5 percent, represents the number of
deaths due to cancer (505,322) as compared to
the total number of deaths from all causes
(2,148,463) occurring in the United States
during 1990. Tiiese mortality statistics were
published by the Center for Disease Control,
National Center for Health Statistics report
Advance Report of Final MortaliW Statistics,
1990. The 1990 rate of 135 cancer deatis per
100,000 standard population reported in the
journal Cancer is the age-adjusted cancer death
rate as published in the same CDC document.
These statistics use two different representative
populations, the total number of deceased
individuals and the entire U.S. population, and,
thus, are not directly comparable.

The age-adjusted rate is computed by applying
age-specific death rates for a given cause of
deati (in this instance, cancer) to a standard
population distributed by age. The standard
population used by CDC for determining age-
adju.sted rates is the total population as
enumerated in 1940. The age-adjusted death
rates show what the level of mortality would be
if no changes occurred in the age composition of
the population from year to year and thus better
show the changes in the risk of death over a
duration than when the age distribution is
changing. Therefore, the age-adjusted rate is
not comparable with and appears to be lower
than the unadjusted or crude death rates
specified for the population enumerated by 1990
census data,
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NEPA al Savannah RlV8r

From: Todd v. CraWord
TO Andraw Ft. Gralnger
SubJac* ElS’s APT and River Wate$ Shut Down
M% Friday, Octobar 25, 19969:58AM

I WOUMIke to emmge YOUto keep the above b ElS’s merit.

I w pleaaad to see that the prafafrad aiiernat[ve for a sourm of tooting
waterforthaAPTlathe tier. Earlier mmow had Itblng the groundwaler
which concerned ma hom the 8tatip01nt Ofaroundwaier reaourcas and waakaning
the ‘haad raver=l” over much of the 2mrueEI. Ido not know what is now lha
praferrad action tith r=~ to the Shut Down of the SRS River Water System
EIS but Ido know that the push behiti Wi EIS was the ddre to shut down the
rtier water system.

Page 1

-,.,. , . . m-rmw- I ! .V
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Comment L1. Page 1 of 1,
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E.5 Responses to Comments on Draft RWEIS: Letters

Resl)onse to Comment L1-01

As indicated throughout this EIS, the DOE
Prefemed Alternative is to shut down the River
Water System but to maintain all or portions in
a standby condition. This condition would
enable potential restart to support a new
mission. Section 3.3.2 has been revised to
include the additional cost of maintaining the

section of existing pipe that would be used to
supply make-up water to recirculating cooling
towers located at the Accelerator Production of
Tritium (APT) site (the preferred APT cooling
water alternative) as well as the cost to maintain
sufficient pumping capacity to supply full flow,
on a once through basis, to heat exchangers
located at the APT site.

E-13
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NEPA at Savannah River

From: Todd V.Crawtcfd
TO Atirw R. Graingm
aubJOct Omft EIS Shut@wn SRS RiverWater System
Date Monday, D6cernber02, 1996103zAM

I have md~ mm~ment on December 4, 199SWih wIIIprevent me from
attending the pu14icheadng * wmt6d to %ti you this commnt.

1wrt p~lng the system in a standby situtmn. Isuppn Ihe cotinti
iticated inTable 3.1 as 30 months, Jwkq pump. 1do ~t ktiwe any
signmcantnew mlsslonmuld come Intopbce lmlore 30 Mths. HOWEVER,I
Nleve that emgh of the R-Areapipingsyaem sbkl be mahtfdned to
vovtia mliw Wtw for the APT.

Ialm tmllevethEtthe regula.to~ 3ituationwith EPAati XDHEC ws lo &
carefultymgloatsd w that L-Lakedms mt haveto k ciaarmdupas a CERCLAdte uwn e~ing mm of the
Ce.137 conlamlMIEd sediments.

Page 1

.,,.. .4 .,.
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Response to Comment L2-01

Section 3.3,1.3 confirms that 30 months is
sufficient time to make the required upgrades
and replacements to the River Water System
without affecting the schedule for a new mission
such as Accelerator Production of Tritium
(APT), Section 3,3.2 has been revised to
indicate the additional cost of maintaining the
R-Area piping system.

Response to Comment L2-02

DOE is committed to coordinating NEPA
actions being considered in this EIS with SRS
remediation activities planned and conducted in
accordance with CERCLA under the FFA, and
proposes to initiate discussions with EPA and
SCDHEC to determine reasonable means of
expediting the FFA process to achieve
appropriate coordination.

Neither DOE or its regulators would agree not
to require cleanup of the exposed sediments

until characterization and evaluations under
CERCLA are complete. Because there has been
little, if any, additional contamination since
DOE built L-Lake, the concentration of

contaminants in L-Lake exclusive of the Steel
Creek chmmel and floodplain is relatively low

and based on prelimin~ evaluations
summarized in Appendix A. However, DOE
believes that institutional controls for a period
that allows sufficient natural radioactive decay
are consistent with cument land use plans and is
probably the most reasonable and cost efficient
option. This option will have to be considered
among other alternatives consistent with
CERCLA requirements.

Contamination in the portion of the Steel Creek
channel and floodplain that is beneath L-Lake is

apprOximately equal to that which exists above
and below the lake and the portion which is
beneath L-Lake would probably receive the
same remediation, if any.

E-15
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Response to Comment L3-01 Interagency Agreement. Although there is
limited public access to these SRS areas, Forest

Q

At this time, the Forest Service of the U.S. Service management includes activities
Department of Agriculture performs many of nomally performed in national forests – timber
the functions at the SRS that it performs in the andwildlife management programs, including

I

National Forest System by managing more than limited timber sales and care of threatened or
90 percent of the Site area through an endangered species.

I
!
I
I
I
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1 UNITEDHATES ❑ APARTMENTOF C~HCE

i..a,,,:,,iNmlmEIlDmnnic ond AtmMpherlc til.1.untio.
NATIONALMARINE FISHERIESSE3VICE

Southmt RegionalOffice
9721Ex=utive Center Drive N,
St. Petersburg,Florida 33702

De#mter 18.1996

Mr. AndrewR. Grainger
SRNEPAComplimce OffIH
U.S. Department of Energy
Savannah River ~mtiom Oftice
P,O. Box 5031
Aikm, South Cmlina 2980+503 1

DewMr tihgex

TheNationalMarineFisheries Semite (NMFS) has rctiewed the M Envimnmentrd Impact
.qmtement(DEIS) for Shutdow of the River Water Syaem at the Savmnab River Sile (DOmIS.
0268D). We find that the document is well written and adequately addresses mt~rs petiining to
aquatic rcsowces under ou purview. We wncur with your de~mimtion that the proposed A~tiO”
will not signiti~tl y hmn aquatic resources of the Savannah River.

TheProp~d Action,which invcdvmshutdown of the River Water Systim and placing it in standby
sinus, would substantially elimiti witiwals from the Savti River. ~s wodd kneflt both
resident and migratow fishes of the Savmmh River sinceentrainmentmd kpingement of fishesgs,
Imae, juvmiles, md adults would be climimtc.d except in situations requiring rem. ~S mode
of o~mtion represents a sigttifiwt improvement over wnditions that existed when withdrawal
levels approximtcd 380,000 gallons ~r minute (24 cubic met= Pr =ond) and @imated avmge
losses of about 17,600,000 tish larvae and 9,300,000 fish eggs were experiend during the
February-JIIly spawning pericd. It is alsc an improvement oveI conditions that wo”]d ex;st ~der
the No Action AltcrMtive (existing condition) which awunts for fish [0s= of abut 234,000 larval
fish and I I7,0M eWs during the Febntary-July spaw”i”g ~riod,

Since any restnrt of the system could have a sig”iticent adverse effwt of aquatic ESOuneS of the
Savannah River, mch plans shodd & thoroughly coordinated with tie NMFS nd Oth~ Fedeml ~d
strde agcnc.im having stewdship responsibilities for fish and wildlife,

Finnlly, in awrdane titb Section 5,10,2 of the DEIS we note tit the Oe-ent of Energy plw
to inidate form! comultation with the NMFSconceting possibleefiectsontheshorbmseshugmn,
Theappropriate NMFS contact won for such mnsulmtion is Mr. Charles Oiavetz who is Chief of
the NMFS Southeast Region,sprotectedSpeciesBm”ch. Mr. @VeW my & reached at the

Ietterbeti address,or at (813) 570-5312.
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We appreciate the oppo~nity to review the DEIS. Relatedqucsdom or comments should k
directed to the attention of David Rackleywhois ChiefoftheNMS Habitat Co=rvation Division
Charleston Bmnch OffIce. He may he inched at 219 Fofl Johnson Road, Charleston, South
Carolina 29412-9110, or at (803) 762-8574.

‘Y&&.
Andrem Mager, Jr,
Assistant Regional Di~ctor d
I-IabitatCon=rvation Division

,

“.. -FKW.131
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Response to Comment L4-01

Should it be necessary to restart the R]ver Water
System, DOE would discuss and coordinate any
restart plans with Federal and state regulatory
agencies (including National Marine Fisheries
Service, United States Fish and Wildlife
Service, South Carolina Department of Health
and Environmental Control, and South Carolina
Department of Natural Resources) to ensure that
possible impacts to fish and wildlife resources
are adequately addressed and mitigated if
unavoidable.

Response to Comment L4-02

DOE submitted a copy of the DEIS and a
biological assessment to the National Marine

Fisheries Service’s Southeast Regional Office
(Protected Species Branch) on December31,
1996, in accordance with the requirements of
the Endangered Species Act and its
implementing regulations. DOE subsequently
received a letter from Mr. Andrew Kemmerer,
Regional Administrator of the NOAA-National
Marine Fisheries Service, that states:

We have reviewed the informationprovidedand
concur that the proposedproject is not likely to
adversely impactthreatenedor endangered
speciesunder ourjurisd]ction....~is concludes
consultationresponsibilitiesunder Section7 of
the ESA.

E-20

I
I
I
1
I
I
I
I
I
I
I
I
I
I
I
I
I
1



DOFJEIS-0268
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Uni ted stat.. Fore.t Sav-ah Rive. P c,. Box 710
-.

)
Dqarwt 0? semi.. Poreet station NW Ellent.r,, sc 29809
Aqri cd t.lre

rile CM., 1900
Route To:

Date: Wcetier 19, 1996

Subjact, Draft EIS For River water Shut ~ml
8RPS Re.pn~e

TO: Andrew Grainge,, WE
703-47A, 1011236

After review .f the draft by the FO..SC Service at Savannah River, .e belie..
there a= . ... of opprtunitiee that need to be inc.rp.araced in the final
EIS. If the elected alternative is to shut ~ the system and maintain the
dietriwtion network, there are a nutiec of co~t-effective options to stabilize
exposed sedimnts in L-bke,

If natural re-vegetat ion i. slow, a mixture of grass specie. can & established
through eeedinq and fertilization cmarnk,le to tiat the SRS .IreadY Ueee Lo
stabilize tire soil areas and prevent erosion. This can be implewnted On ..
a. needed basis .. the kin sedimexIts dewater. Another option ie to establiah
tree species. Most of thee soilm originally supmrted an upland pine t~
prior to L-uke. with the low level of c.mtaminacion in t,be UpPer ~rtion,

these area. c.”ld k returned to productiw forest. F.alIowifigthe draw don
of Par Pond, Pine began t. naturally invade the OP.* areas This is Likely to
occur again. However, more uniform a.a assured regeneration could be obtained
through hand Planting. Mixed specien of hardwod can ale. be planted to
enhance Wildlife. Thee c.. be implemented in conjunction .ith the normal SW
reforestation ef forts

The Forest service, i. developing the mitigation plan for Pen Branch,
designated check strip. that could k left alone to follow natural vegetation

aucceesim. Thie enhaIIced the ..1.. .f the pr~jec~ for ,eaearc~ere, ~ai=t=imd

some open hnbitat for certain epe.ies, and redueed :efc.restation costs. Tn
area. of the Old L-Lake &sin that costain higher radioactive Concamir.anc.u,:he
ME can P1ant dew, cmoPies of hard..vti O, pineLI to ,fie.mrage ~roti

v+.t at ion t~t deer and b. forage upon tkt might increase CQIIta,T,i._t
uptake. distribution, ~ ewosure to hunters.

A. the water level drops and the old steel creek channel is gradually _eed,
W@ would expect that sm miniml effort co create debrie dams and pcols to
stabilize the MOSC Contaminated sediments will be ~eeib le. we increase
velocity and re-initiati.an of a stream tiannel has the potential of moving
contatitinta in the old flmd Plain eedi.enes downstream sn!all da.. to create

POOIS to traP eedirnent could k installed.

Phyto remedi ation opwrtunitiee.1..exist LT.the flti plain are.. the .==
more heavily contaminated. Ce.9iu. is readily acmlated by vegetation. The
lnaterials can be hameted and cm,po. ted or incinerated Co C.anCeIIEraLe tb=

@

Wing forthe tid and SewingPenpb
IS.62i10.mb(3/921

PKe4-141

Comment L5. Page 1 of 2.

L5-01

E-21



DO~IS-0268

cont=ina.nte. ‘I’heWE and US~ are c.llahorating on the developnt of this
techn.lw, while it my not be .oat-effectiw at this point in time in t.ru,.
of the ricks to human health, the flood plain dwo offer op~rtuni tie. for
re.earth e..tivities to de-lop this technology Ueing Ra funding a..rcea such
.. the recent WIR initiative chzough the office of Science, Tect.uolW, ~d
B.ei.e.. ~velopent.

It is Mt apparent f m reading DEIs what :he Plana are for .anag’iug vegeta tion
on the pipeline corridors. If there i. a need to keep vatex linee fUnctione.1.
tre.t=nce wi 11 be requlrOd to prevent them from king overgr.wn with woody
etem vegetation.

The Forest service i. .Vailnhle to provide additional infomt ion 0“ these
options o. a.si. t with implementation

CC: K, Sidey, mE

I
1

PKd4.141
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Response to Comment L5-01 Section 3.2.1 of this EIS, DOE would apply

DOE is committed to restoring tie Steel Creek
appropriate measures to stabilize the lakebed.
These could include fertilizing and seeding bare

stream ecosystem and associated floodplain areas to prevent erosion and could include a
forest that existed prior to the creation of variety of other soil conservation measures.
L-Lake. If DOE selects tie Proposed Action, DOE fully intends to seek the assistance of the
the Record of Decision for the EIS will contain soil scientists, ecologists, and foresters of the
a commitment to prepare a Mitigation Action Savannah River Forest Station in the
Plan as well as a more detailed implementation development and implementation of a soil
plan that provides a practical, step-by-step guide conservation and reforestation plan that involves
to restoring the plant communities of the stabilizing exposed L-Lake sediments and
riparian corridor and floodplain fiat were lost ensuring that trees and shrubs propagate in the
when L-Lake was created. As noted in Steel Creek floodplain.

1
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south Carolina Department of ;“> .

Natural Resources .i..:i.i~
~,’;:

fkambu 20, 1P96
III?II>>A Et,,!)l<.r,,:,,,,IV,1>1,.11.

,,,,,.,,,>,

hhw R. Grfdngu
SR WA oMIlptic Gffica
U.S. Dcpamnent of Enasy
P.O. Box 5031
Aike% SC 2P804.SQ31

W Shutdown of the W= WaW S&em

k Mr. Gtig=

W M -Em -t of Nati Rc_s has cvfdumcdprmndal impacts &h
p- *U* m WddlIfc@ !iSbtiw habimt, we.m qtiiIy, rccrcadon and othm f-
rclaang to & Wnmadon of nti murcm.

We bcliweha the piupod &rily haspotmtid toimpact tie ~ ncd wildlik babitmof L
Lake A Parr F’ond. LLakc and Pm Pond to-extent, c.mti -Ilmt habimt for a numbu
of Wfc specks such as the bald cngk. Amcriw tigatm, white-taikd cka md ticus fiu
-. @ & suppoti well balm~ fish _uni& md a n- of ting td~, W*
fowl and osprey.

~e reman is thu due m rho @l Qm of the wmu’shed for LLakc and pm?w wmu qualky
pmbluns mu~ ~ if the ~oirs arc8UO* to dmpdgnificantlytclow fullWL In
addirion,flucmntingmm k.vek muldhavenegativeeffectson fkh ~oncnc andothmwildlife
magc.

L-~w~m~n~ wife d fisherieshabiratand sh~ k man8gedto
op,~ i~s na~ rcso~ value. To rdbnvwaterkv~ mlowerwouldmmk _Wtitic ~iti
lhrdimnaove. However,f rbcDcpammntof- w~d mwve the dam8ndrc.smrcrhc
wm28ndfrost nndstcmmcm of SWl ~, w Mwe lhatanequitableexchangeof -
=- mayoccur. Ris w positim thmno lowedng rind/ordew-g of LLake should occur
viifhout en appm~ plan forStd ~ rcmoration,The~on planshmddbesubmitmfto
atxlap~ved byapproprimcresow agencies.Sl~nrs oftie pkn sh~ imlb uec
plantings, sw ~ smbilizadon, monimring and mnringency plnns. Resmmion sh~
address ups- md &ws- impacu with considemion given m tiucc flows.

It *cidd & noti rhal a ptitdlity exists hat m level of cmmndmdonmy hep~nt in *C
aqua.wls h ampti & I* titmms of bath sesmti, &fm my pk is inititcd m IOW
water kvels, tie httom *nts shOuMbe ksmd for atmdnation. ff -S ~ m
fouti in tie scdinunm, &m a plan fOrmnOvti of thm wn ~ts Amid be submiItcd prior m
my shutdown of tie SRS RiverWam System,

.,..4 ..-,.
rho.- ,.. L.
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Response to Comment L6-01

The EIS discusses potential impacts of the
proposed action to fish and wildlife hahitat of

L-Lake in considerable detail in Section 4.1.5.2.
These impacts include, but are not limited to:

(1) the elimination of most fish habitat in

L-Lake, (2) the loss of most wading bird
foraging habitat in L-Lake, (3) the loss of most

waterfowl wintering habitat in L-Lake, and
(4) the loss of bald eagle foraging habitat in

L-Lake. More subtle impacts that may result
from the proposed action are also discussed in

Section 4.1.5.2. These include increased
predation on amphibians, reptiles, and small
mammals that would be forced to venture
farther from shoreline cover to drink and forage
around reservoir edges. Potential impacts to
fish and wildlife habitat of Par Pond are
considered in Section 4.3.5.2.

Response to Comment L6-02

The EIS discusses effects of fluctuating water
levels on fish recruitment and other wildlife
usage in Section 4.1.5.2 (L-Lake), Section
4.3.5.2 (Par Pond) and Section 4.3.5.3
(threatened and endangered species using both
reservoirs).

Response to Comment L6-03

L-Lake was designed and built by DOE to be a
cooling reservoir. DOE was required to monitor
L-Lake’s fish asrdwildlife as a condition of an
amended NPDES permit (#SCOOOO175) issued
by SCDHEC in 1984. Further, as a condition of
this NPDES permit, DOE was required to
conduct studies to demonstrate that a “balanced
biological community (BBC)” existed in the
lower half of the reservoir onlfi the upper half
was designated as a mixing zone and was never
intended to support a BBC.

DOE is committed to restoring the stream
ecosystem and associated floodplain forest that

existed prior to the creation of L-Lake.
Although a final restoration plan has not been
prepared, DOE is currently drafting a plan for
restoration of the upper portion of Steel Creek
and its floodplain forest in consultation witi
ecologists and fnresters at the Savarmah River
Forest Station and WSRC-Savannah R]ver
Technology Center. If DOE selects the
proposed action, the Record of Decision for the
EIS will contain a commitment to prepare a
Mitigation Action Plan as well as a more
detailed implementation plarr that provides a

practical, step-by-step guide to restoring the
plant communities of the riparian corridor and
floodplain that were lost when L-Lake was
created. DOE will make copies of the
Mitigation Action Plan available to all
interested parties. As noted in Section 3.2.1 of
this EIS, DOE would apply appropriate
measures to stabilize the lakebed and minimize
ernsion. DOE would also, in consultation with
the ecologists and foresters, develop a
reforestation plan that involves planting and/Or
transplanting trees and shrubs that are likely to
survive and propagate in the Steel Creek
floodplain. The Mitigation Action Plan would
also contain monitoring requirements to ensure
successful restoration.

Response to Comment L6-04

DOE has performed extensive sampling of both
Par Pond and L-Lake to determine the types rmd
levels of contaminants existing in the bottom
sediments. The ecological and human health
analyses presented in this EIS utilize this
comprehensive data to determine the potential
risks associated with those contaminants found
in the Iakebed sediments. Arry necessary
remedial actions fnr the two locations will be
assessed in accordance with the process set forth
in the Federal Facility Agreement.
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TheUniversiTof Georgia

(803)725.2472.
~S 239-2472

Dmr E
U,., SC29S02

~ 803-725.3309

bmkr 23,1996

Mr. Andrew R. Gknger
Engineering and Analxis Division
SR NEPA Compliance Offl@r
US. ~partment of Energy
Savmti River Operations Office
P.O. Box 5031, Cede DRW
Aiko”, SC 29804-5031

D.mr Mr. Grainge~

1ntn submitting herewith for your wnsidwation comments on tiShutdown of the River Wafer
Sy3tcm at the Savannah River Site - Dmft S!nvimnrnmld Jmpwt Statement”. Tbeze comments
are hazed largely on infomion gathered here in my -ch progrzm spnsored by the DOE at
the Savnnnah RiverECO1OSYWontory. Muchof this infonnrdionbm beenobmined only
recently md some newly-published references fmm mypmgrzmappmntly wemnot avaihdbieto
the authorsof the Draft EIS when it waz written.

1have kept my comment~ brief md they outline only the general findings in each of the ua~ of
concern which are addressed. For funher details canceming our tindlngs about theze Walters 1
would refer you m the indicatti publication(s) mdlor I woutd be glad to provide you or anyone
else in your office with any additional infomtion I c~n.

At tbe very l-t, I hope that thase comments will convey my concern that if actions such= the
tiaining of J.-m m undetien, folIow-up studies should be sup~ned to evaluate
environmental issues such as these.

Thank you for your consideration of these commen~.

YOUISvety truly,

Ju -p.

1,hhr Brisbi”, Jr,
Senior Ecologist
Savann* River Ecology Wratov

enclosure

~ ~wl 0PW.3~Y/Afi~riK ~ I~iwtiM
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Commenw on the “Shutdown of theRiverWaterSysfcmat tie Savaonti RiverSite - Oraft
Envimmntd 3mpactStatemnt”

Submittedby

1.hbr Brisbin,Jr.
Setior hlogist

SavannahRiver~logy Laboratory,P. 0, DrawerE
Aiken,SC 2980~ 803.72S247%fw 803-725-3309

~mtcr 20, 1996

There is a considerable amount of ncw information available in & form OfRsearchdata
that hm not yet&n formally published in the @r-reviewed scientific Iitemm or which in
some CWS, apw in mdy-published manuwripts which wa apparently not available to the
writers of ods Draft S2S. ~s infonnntion has resulted fmm DOE-funded re-b pmg~
hem Wfie Savmnti River hlo~timb~, Iwillatccmpt tosummar i= Mow the general
areas and findings of this new work and its implications for the River Water Shutdovin
environmental impact conccms. Further information can reobtained bycantacting mdi=tly
aitbe abovotiess,

Thenewinf.tion pmvidedhcre can~grou@into t&genendareas (l)potentid
environmental impacts upon Amtican elfigatom (m ~ resident on the
SRS, (2) potential for mntbant upt~e by upland gm bitds, pticulwly mounting dov~
(~

,.
utilitig expscd former I&&d sr.dimntswhichmay~ mnlandnated

with radionuclidcs red/or heavy nutis, and (3) radionuclide uptake and trmsprt by migratory
wamtiowl adgeneti displa@ment oftiewaefowl tiem*lva tiughhtiltti loss. &hof
the= mu of concern will be discussed separately below.

The findings concerning ~tential envimnmntaf impxb upon alligato~, which are
predicted for the “Shut tiwn md Oewtivti” alternative (page 4- 152), kick teccnt information
which app- in a newly-published resemcb Ppr from h Savannah River Sudogy
Labormoy's rdligatorre*arch pmgram(Brisbin et61., l996). Thispaperw~ apparently not
avd*leto ticwritimoftiis EK when it wnsdraftcd. Newdata intheabve+ited paper now
su~t b the drawdown of Par Pond appmntly atso had a negative affwt on alligxor
reproduction in addition to the previously %ported pmbtdde d=renu in the survivorship of
young alligators duetoalxkofemergent sho~linemacrophyte cover. Wlsnewlyvwd
effect was indicated by a lower qutity of young (8.sjudged by rcduti weight-length
relationships) hatching tiom eggs in nests which we= consnuctti during the drawdown.
Momver, as & shown in this same paper, most of tk resident bting female rdligaton in
Pm Pond did m I=ve the reservoir during the dmwdown but tier rcmtined in their de~aded
b~ing locations md expcden~ what wns almost certainly nege.tiveimpwts upn tieir

PK64.15F

7-01
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mprcductiveoutput. Thmefindingswouldsuggesttiatthe ptiiction inthe E1Stbatbti"g
alkigatonrmident in b- wouldsimplyleavethe drainedreservoirnndset-upbrdng
tcnitori- dsewhcm maynot h wmt, andwithoutfurtherresearchanddwumcntation,WIS
predictionmy 6igtdfiC~tfYUn&RSthte thePtentid imp=t of this actionon the nsident
rdligatom.Althoughno f-dwsus ofdligtiornestkg ~tivityh=Ft &nun&tienfor L-
Lake,that Nervoir nowhasa sizeableresidentpopulation of hmding-si~ adults nnd if
mpdu~ion iscwndy nott*kg plwotiere itdmost mtilywill intin-fitue, The
drnining of L-Lakethus has the potential to significantly reduce the overatl reproductive output
of thesite’s rdligator population asawholc. If&l tififlhm R*mhshouldbeund@en
during the coming YW to claly document the extent to which breeding activity is taking place
at bLake and in the ms.xiticd wetlands surrounding M weir and @iculmly downstrum
from the dm.

Because of their long life spans and high tmphfc levels, atligaton &o wnd m mumulak
cetincontaminants suchasmemuv. Asindictiti inthc Draft EIS, thedrawdown and/or
pericdic fluctuation of SRS m%rvoir water levels could significantly affwt the bioavailability of
meEu~htie _nSofsome oftieSltiek&. Asrdsodocumnted inyottc Drnft BIS, the
drawdown8nd retillof Par Pondaff=ti mercury leveI$in Par Pond fish. Memu.-y
concentrations in h muscle of Par Pond dligtiors, which may& legally hw=tcd u nuisance
animals and bewketed forhumcomumption ifthey should leave thesite, avera@about4
mti d~ m=, a ~ncent~tiOn a~ve ~ consid~d suitable for human consumption
(Yuochkoet ?.l., inpms). Afierthemfill, oneofhlugest ti@to~exrxoti hSouti
Carolina was found &ad of as yet unknown cau~ in Pm Pond md,m will be detailed later in
mother ltiter under sepm ww to your offim, Mys- reveatd an extremely high memuiy
concentration inthcliver oflbisindividud. Tbeseobsewations suggest thtimercury maybea
serious problem in Par Pond alligators, and that mercury dynamics may ke attercd by drawdown
andrctill. Uttleis known ofmntaminant levdsin L~ealligators, ortheptential
consequenc= ofmajor habitat alt.?rationsoncontiant dynatnics. Further work iscl~ly
ncdti to clarify the issues, md to prtiict the effec~ on those radmals that may n?mai” i“ the
area of the Steal Crwk corddor and watershed if L-me is tined.

Because h SRS alligator ~ukation hw a long histo~ of documenti study, md
hauw this population is uniquely situated at h nonhun limit of the spxies’ range in the
inlmd %uthea.stem United States, thse animtis represent an impo.-lant natud Rsou= whew
mspnse to the river watm shutdown proms should k carefully monitoti and evaluatd during
the course of any activity which may impact their Wpdation numbers, reproductive succ~s
mtior spatial distribution.

Uptake and Dfstiibutfmt of Wfanudlde Centamlw& by Upland Game Birds

Analyses have now been completad and a manuscript ~tten for submission to m
~, describing the uptake and conccntiion of t’adioccsium
(c~ium-137) by doves which were atmcti to old-field food ~sources which devdopzd .“ the
exW*dltie&d wdlmmmpdumd ~tiedmwdow oftie Pm Pond mwmoir. Ammpanio”
paper has also ken submitted to a toxicology joumrd, descdbing tk uptake and concentration of

2
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heavy mews @these sme birds: The information contained in th= muscrips shou}d be
considered in my msessment of potentiti envimntnetuatimpacu msxitied with the pmposti
river water shutdown. Potentiul effects should be mla.tcdto the issue of impacu upon the well.
being of the buds tbemwlva and, even mo~ importantly, with =gti ta the issue of the
transptt of contaminants fmm the exposed Iakebed sediments to the hunting public who tight
consume such birds m fcmd(moumittg doves are legal gme birds ti South @otina, and they
w commordy harvested md eaten by the public in lands bordering the SRS),

Wliminary risk msessment mdyses undert~en by Drs. Joanna Burger md MichaeI
Gwhtield of the Rutgers University Consortium for Risk Evaluation with Stieholder
Pardcipation(CR~P), su~est that the risk of exting a 10” risk of excess Iifetime cmcer
could k exceeded by hunters consuming birds for every day of the Iegrd70.day hunting scuon if
them birds we= to cantain the av~e level of radiaccsium we found in dove meat during our
Pm Ponddovestudy. &r detailsmncemingthe aumptions andCQnsequenccsof this risk
assessmentcank obtined by mntiting our laborato~. Of ptiiculx impomce to the pre~nt
EIS is the potentiat for newly-expsed ~~e kttom timents to similmly attract doves which
might forage in w showing Wsibly even higher conwntrations of dcwsium than were
found in the case of the cbamdown PaI Pond~rvoir.

Radioce.sium Uptake by Migratory Waterfowl

Studiw which have not yet been published, fmm the waterfowl ins-h pmgrm at fie
Savnnnah River Ecology hbrntoty, have shownthat m umx~cd sudden incmse in
mditisium body burdens 0CCIU14in Ametfc$mcoats ~ foltowingtherefillof

thePru Pond ervoir. As discussed in a pmtation made to the Par Pond CER~ Naturat
Resource Tins*, coots were found to average u high as 2,774 ~uerels of radi-siutikg of
live weight in Jmuw-Febmw of 1P95. Possible mwbanisms of WISbcdy burden increase and
its relevm- to future wrvoir drnwdowns md =nciated management activiti- at the SRS
were discussed in a publisbed &tract and a poster presentation which W* ti at a nationrd
scientific meedng. The unexwtedly high increase in radiowium bcdy burdens of b
waterfowl sugg=ts the im~rtmw of continuing to mouitor both contaminant levels a“d the
sptiifdftcmpod movemmt patterns of waterfowl using SRSmobs. During the present
winkr (1P96-97) for exa~le, large concenh-af ionsof tintuing waterfowl have moved away
from PaI Pond to L1.ake which on one of our most recent dal mnsus couns, was king used
by more that 2~ waterfowl! The draining of b~e woutd mftainly displm these birds, many
of which would undoubtedly leave the site and thus be vuherable to hunter harvest md other
sources of disturbance which they woutd not notmally f% h the “sanctuary”of the SRS
wetlmds. Thepotendd for thepro~ed river water shutdown to impact rcgio.d populations of
winkring watu’fowl in this part of the &ntral Savannah River w (CSRA) thus dso needs to k
mnside~d, I feel, in my evaluation of propsed dkmatives for mscrvoir and wetland
magewt on the SRS. The exwordin~ importimm of the SRS reactor woling reservoirs %
a wintering site ad smctuary of mgionti importance for wintming waterfowl. Pardcularlydiving
ducks, and the ~tential for& birds to accumulate and transport radionuclide contaminants
offsite to the hunting PUWIC,have d~ kn weUd=umentd ina nu~r cdpublicationsfrom
ourlaborato&sresearchprogram (e.g., Brisbm et al.. 197X Mayer et d., 1986 Brisbin, lP91;
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Stephens et al., in press). I feel Ibatpublications such as thm dewribing otisind detailed
resenrch findings should be cited by the Draft EfS, inadditiontothemoregeneralreviewnrticlm
whicharecunentlyrefe~nced.

Amndix B of tbe DraftEfSusesf~h+ating spwim for calculating mdiocesium dose m
birds. However, our data (Brisbin et aL, 1973) showed Ibat herbivorous avian s~cies (e.g.,
@ots) were tbe propr worse-case indicawr Spccia for radio=ium uptake, not the fish-eudng
urtdvorous avim swiw. The fish-cater model should rather & considerd m a worse use
indicator s~cies for other Cotandnants such as mercury impac~. Momver, this s~tion did not
refer to our publisbrd studies of mdionucliti contaminant levels and d-to wood duck w
_ egg~embws ~m tie SRS inclu~ng sites such = steel C=k, Pm Pondmd PondB
(Kennamcret al., 1993;Colwella d.. 1996).

4
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Response to Comment L7-01

The FEIS includes a discussion of the
recently-published study of the effect of the
Par Pond drawdown on alligator reproduction
and the implications of this study with respect to
the Proposed Action.

Response to Comment L7-02

The FEIS discusses elevated levels of mercury
inmuscle tissue of Par Pond alligators. This
issue wasnotaddressed irrtbe 1995
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 1995)
or the DEIS because this information was not
available to the preparers. DOEyill also relay
this information to the South Carolina
Department of Natural Resources, the agency
that issues permits for the destruction of
nuisance alligators, to ensure that permitters are
apprised of the potential risk.

Response to Comment L7-03

DOE agrees that the SRS alligator population is
a unique and important resource and worthy of
study. However, inanera ofreduced funding
and intense scrutiny of all Federal expenditures,
DOE is not certain of its ability to provide
financial support for many worthwhile research
projects that have been proposed by cooperating
scientists.

Response to Comment L7-04

The FEIS includes a discussion of the recently-
completed Par Pond mourning dove studies, the
results Ofwhich were not availab]e when tbe
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 1995)
and the DEIS were prepared.

The FEIS presents a discussion of uptake and
concentration of radiocesium and mercu~ by

doves feeding on vegetation in the Par Pond
Iakebed during the drawdowrr, Although levels
of both contaminants are lower in L-Lake than
Par Pond, these stndies are clearly relevant to
the L-Lake drawdown and merit discussion.

Response to Comment L7-05

As noted in the response to the previous
comment, the FEIS includes a discussion of
uptake and concentration of radiocesium and
mercury by doves feeding on vegetation in the
Par Pond lakebed during the drawdown.
Although levels of both contaminants are lower
in L-Lake than Par Pond, these stndies are
clearly relevant to the L-Lake drawdown and
merit discussion.

In a recently-completed study of mourning
doves that fed on vegetation in Par Pond during
the 1992-1994 drawdowrr Kennamer et al.
(1997) found that only one of 102 doves
collected from Par Pond exceeded the European
Economic Community limit for radioactivity in
“fresh meat” (human food). Based on the
maximum observed concentration of cesium-
137 in 102 doves collected during this study (22
picocuries per gram), no more than41 Par Pond
doves could be consumed by an individual
before the EPA accepted cancer risk of 1 x 106
is exceeded (one “excess” cancer per million
people). Based on the average concentration of
cesium- 137 in these doves (5.95 picocuries per
gram), no more tian 152 Par Pond doves could
be consumed by an individual before the EPA
accepted cancer risk of 1 x 106 is exceeded.

However, the authors of this study point out that
(1) no dove hunting is allowed on the SRS,
(2) doves collected from nearby control sites
contained only background levels of cesium-
137, and (3) radiocesium in edible tissues of
doves is quickly eliminated when tbe birds leave
contaminated areas. The authors suggest that a
dove’s entire body burden of radiocesium would
be eliminated in 12 to 15 days on:e it left the
SRS, due to the species’ small size and high
basal metabolic rate. When all of these factors
are considered, the risk to hunters from eating
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doves that are killed offsite after feeding in L-
Lake during a drawdown would be small to
insignificant.

Response to Comment L7-06

The FEIS contains more background
information on a more detailed discussion of
waterfowl usage of Par Pond and L-Lake than
the DEIS and presents a more detailed
discussion of possible impacts of the Proposed
Action to wintering waterfowl.

Response to Comment L7-07

The DEIS and associated “Ecological Effects of
Alternative” (Appendix B) Assessment focused

on fish-eating birds either because these species
were known to be sensitive to contaminants
(e.g., the osprey) or because they were species
protected by the Endangered Species Act (e.g.,
the wood stork and the baId eagle). The known
tendency of carnivorous species to accumulate
higher levels of (most) contaminants than
herbivorous species was also factored into the
selection of receptor species. Based on this
comment, however, a discussion of radlocesium
uptake and body burdens in birds has been
added to the FEIS.
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December 23,1996

Andrew R. Grainger
U,S. Department of Energy
sav8nnah RIVWOperatiom Office
P.O. Box 5031
Aikcn, SC 29804-5031

Dear Mr. Gt8inger

1wish tooffer a few comments on the W Environmental Impact Statement - “Shutdown of the
Riva Water System at the Savannah P.iver Site.” DO~IS-0268D Wovember 1996). I am very
interested in this b-use of my research over the past 15 yem on Pond B, Pa Pond,L-L&,
and otherreservoirson the SRS(seeattached references). My bliefs concerning the proposed
action (shutting down the river wati distihution SY-) are that

1. The environmental impacts to L-Lakewould be d-tic, and higfdy und=imble.
These include hss of fisheries, wildlife, and wetland habitat Inor+ed erosion
and sedimentation tiughout the Steel C=k corddoc IncreaA contaminant
movement downs- (mainfy “7Cs in ffoodpl~n sediments from high wter
flows~ Increased mntaminant awtunulation in L-Lake fish and wildlife due to a
dmreased water volme/flwdplain sediment ratio and rduced potassium inpufi
from the river water (ptisiunt reduces “7CSuptake).

2. “fhe environment impach to Par Pond would k more subtle, but they w b
expected to include redu~ biodivemity and inc-ed ‘3’CSuptakeby fish md
wildlife due to the cesmion of biotic and nutrient inputs from the rivv, and
fluctuation and possible loss of Ihtod zone md wetland hablta~ and exposure of
contstninated sediments, under drought renditions.

3. The oxp=ted cost savings 8s stated in the Drafl EIS= Iikelyto k heavily
oversbdo~ h the future by casts associakd tith the effwts of the water
shutdow. Three include aliment control, stabiliition or removaf of the Steel
Creek Dam, md the likely need under CERCLAfor remediafion (removal) of
mntaminated sediments in the Steel Cmk floodplain.
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Andrew R, Gtinga
Dmmber 23, 1W6
Page 2

Before a find &cision is mademnceming-inadon of tie river water distribution system at
the SRS, it is res~tfully ~u=ted that more tiorough and cnreful mnsideration & @vcn to:

1, Privting the pumpingand maintemce option of the systemin m effort to
~duce casts.

2. The inevitable envimmenti impacts of dloting LLake w dry up, such as loss
of aqdc and wetland babiw xdtiation of the corridor, ad expmm of tie
mntitiwd St&l C~kflmdplaim Keyscientitic references onsucb impacts
wm&velo~o nParPondw benitwas&wndom. ‘fbesemdothe.rs are
conspicuously miming in the Drfi EIS, and amtly were not considered.

3. me tme, mti cleanup rests, mvironmental and tietic dmnage, and work=
risks involvd, should the bLake drawdownexposesedimenkwith sufficient
levels ofCs-137 b wmrfint remedial action.

F. Ward Wbicker, Ph.D.
Pmfewr

FWW.jb
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Response to Comment L8-01

DOE acknowledges that implementing the
Proposed Action would profoundly affect
L-Lake and its plant and animal communities,
as the reservoir ecosystem that currently exists
would be replaced by a stream ecosystem. The
EIS discusses these impacts in Section 4.1.5.2.
These impacts include, but are not limited to:
(1) the elimination of most fish habitat in
L-Lake, (2) the loss of most wading bird
foraging habitat in L-Lake, (3) the loss of most
waterfowl wintering habitat in L-Lake, and
(4) the loss of bald eagle foraging habitat in
L-Lake. More subtle impacts that may result
from the Proposed Action are also discussed in
Section 4.1.5.2. These include increased
predation on amphibians, reptiles, and small
mammals Mat would be forced to venture
farther from shoreline cover to drink and forage
around reservoir edges.

As discussed in Section 4.1.5.1.3 of the EIS,
approximately 225 acres of floodplain wetlands
were inundated when the headwaters of Steel
Creek were impounded to form L-Lake.
Approximately 122 acres of wetland vegetation
have become established along the shore of
L-Lake as a result of secondary succession and
an aggressive planting program funded by DOE
and carried out by the Savannah River Ecology
Laboratory. Under tie Proposed Action,
L-Lake would gradually recede and could emp~
in as few as 10 years. As the reservoir recedes,
littoral (shoreline) wetland vegetation would be
lost, would become re-established during
periods (high rainfall) when reservoir levels
stabilize, and would be lost again during
drought periods when the reservoir level drops
precipitously, until the reservoir reaches an
equilibrium. These anticipated cycles of
dessication-revegetation-dessication are
described in Section 4.1.5.2.2 of the EIS. The
analysis in the EIS assumes that the old Steel
Creek channel would ultimately become
re-established in the L-Lake basin, with some
pooling of water just upstream of the dam as
described in Section 4.1,2.2 of the EIS. The
wetland acreage that ultimately develops would

be approximately the same as that which existed
circa 1983, before Steel Creek was impounded.
Thus, although there would be short- and
intermediate-term losses of wetland habitat as
the reservoir recedes, there would be no
appreciable loss of wetlands over the long tern.

There are no plans to increase flows in Steel
Creek dowstream of the L-Lake dam. The EIS
is based on a minimum flow in Steel Creek
below the L-Lake dam asrd in Lower Three
Runs below the Par Pond dam (during
drawdown) of 10 cubic feet (0.28 cubic meters)
per second under any of the alternatives (see
Chapter 3.0 of the EIS). Therefore DOE does
not believe that there would be an increase in
erosion and sedimentation or in contaminant
movement downstream. On the contrary, the
EIS asserts that stream flows below the two
dams would show less seasonal fluctuation and
less flooding, which could slow the movement
of contaminants downstream. Similarly,
because DOE has committed to maintaining
flows of 10 cfs in Steel Creek downstream of
the L-Lake dam, there is no reason to believe
that low stream levels caused by droughts would
expose contaminated sediments.

DOE is committed to restoring the stream
ecosystem and associated floodplain forest that
existed prior to the creation of L-Lake.
Although a final restoration plan has not been
prepared, DOE is currently drafiing a plasr for
restoration of the upper portion of Steel Creek
and its floodplain forest in consultation with
ecologists and foresters at the Savannah River
Forest Station and WSRC-SRTC. If DOE
selects the Proposed Action, the Record of
Decision for the EIS will contain a commitment
to prepare a Mitigation Action Plan as well as a
more detailed implementation plan that provides
a practical, step-by-step guide to restoring the
plant communities of tie ripariarr corridor and
floodplain that were lost when L-Lake was
created. As noted in Section 3.2.1 of this EIS,
DOE would apply appropriate measures to
stabilize the lakebed and minimize erosion,
DOE would also, in consultation with the
ecologists and foresters of the Savannah River
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Forest Station arrd WSRC-SRTC, develop a
reforestation plan that involves planting and/or
transplanting trees asrdshrubs that are likely to
suwive and propagate in the Steel Creek
floodplain.

Response to Comment L8-02

The 1995 EnvironmentaIAssessment for the

Natural Fluctuation of Water Level in Par Pond
and Reduced Water F1OWin Steel Creek Below
L-Lake at the Savannah River Site (DOE 1995)
assessed tie expected impacts of allowing Par
Pond to fluctuate from a full pool of
approximately 200 feet (6 1 meters) to 195-feet
(59.4 meters). The alternatives considered in
the Shutdown of the River Water System at the
Savannah River Site EZS would also allow Par
Pond to fluctuate between 200 feet(61 meters)
md 195 feet (59.4 meters). The alternatives
differ only to the extent tiat DOE would
maintain the operability of the River Water
System. The actions considered in this EIS, at
least in relation to Par Pond, have therefore
already undergone a thorough NEPA review.

Sections 4.3.5.1 asrd4.3.5.2 review tbe findings
of the 1995 EA and supplement them with the
results of a number of recently-completed
monitoring studies.

Response to Comment L8-03

The FEIS discusses a number of mitigative
actions (Section 4.1.5.22) that would, in
addhion to restoration, help control sediment.
These include: (1) lowering reservoir levels
slowly to minimize erosion mrd encourage the
establishment of pkmts around lake margins,
(2) planting grasses on exposed slopes to
stabilize bare areas and prevent erosion,
(3) planting pine trees in upland areas once they
have stabilized, and (4) plrmting hardwoods in
areas where survival is likely.

The comment also addressed the cost of
removing the L-Lake Dam. If DOE decides to
{mctivate the River Water System immediately
or after a period of stmrdby, DOE would leave
most, if not all of the dam in place after L-Lake

drains. See the response to Comment LI 0-14
for the regrslato~ basis for this plan.

The DOE response regarding the cost of clearrup
is fully covered in its responses to Comments
L9-03, -11, arrd -18. Basically, DOE believes
that the draining of L-Lake would not increase
the cost of a complete cleanup of contaminated
areas in the Steel Creek Watershed, including
cleanup of that portion of the watershed that is
beneath L-Lake.

Response to Comment L8-04

DOE has not ruled out privatizing operations
that would result in cost savings. Cmently, the
R]ver Water System maintenance asrd
operations requires eight staff representing
about one-third of the mrnual costs. DOE
believes that the system could not be operated
with fewer staff by another organization. Due
to the size of the system (pumphouse with 10
operable pumps, each witi traveling screens
measuring 60 feet tall by 6 feet wide,
discharging to lines that feed a 1 and 1/2 mile
stretch of very large pipe from which
distribution piping to the reactor areas
originates), it is likely that only arr organization
such as a power generating utility company
would have the experienced staff to operate and
maintain the pumping system asrd associated
lakes (L-Lake assdPar Pond). Another large
component of the operating costs is energy
usage, in fact, approximately one-fourth of the
costs. There is no apparent savings in energy
costs with privatization eitier. There are other
factors to consider, such as, required dredging
of the intake casrals from the Savarmah River
every ten years, and degradation of the 40-year
old piping system.

Response to Comment L8-05

As noted in the response to Comment 08-01,

DOE acknowledges that implementing the
Proposed Action would dramatically alter
L-Lake, as the reservoir ecosystem that
currently exists would be replaced by a stream
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ecosystem. The EIS discusses these impacts in
Section 4.1.5.2.

As noted previously in the response to
Comment 08-01, DOE does not believe that
implementation of the Proposed Action would
result in higher stream flows in the Steel Creek
corridor or in increased erosion and
sedimentation. There may be some losses of
soil as the waters of L-Lake recede and bare
Iakebed is exposed to weathering. As noted in
Section 3.2.1 of the EIS, DOE would apply
appropriate measures to stabilize the lakebed
and minimize erosion.

me EIS (Section 4. 1.2.2.2) suggests that there
could be increased sediment loading to Steel
Creek if the ponded area just upstream of the
L-Lake dam fills with silt and unusually-heavy
rainfall forces some of this accumulated silt
downstream. DOE believes that tiis is unlikely:
however, given the plans to stabilize the
exposed lakebed and the amount of silt that this
basin would be able to accommodate.

The EIS discusses the impacts of allowing
L-Lake to drain in considerable detail in

E-38

Section 4.1. DOE believes this constitutes an
adequate impact analysis, and one that satisfies
the requirements of NEPA. The NEPA
regulations (at 40 CFR 1502) make clear that
NEPA documents are intended to “.,.provide
full and fair discussion of significant
environmental effects...” and be “...analytical
ratier than encyclopedic,”

Response to Comment L8-06

As indicated in the FEIS, Section 4.1.8 and
Appendix A, the L-Lake drawdown is unlikely
to expose L-Lake sediments with sufficient
levels ofCs-137 to warrant active remediation
(e.g., soil cover, excavation). However, DOE
does anticipate the need for appropriate land use
and administrative controls, erosion control
measures, monitoring, and similar activities,
which can be accomplished at moderate cost
relative to cost savings realized from DOE’s
proposed action. Potential cleanup costs,
environmental and aesthetic damage, and
worker risk in the event remediation of
contaminated kikebed sediments is required are
addressed in Chapter 3 of this FEIS.
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ENERGY
RESEARCH
FOUNDATION

December W, 1SS6

Andrew R. Grainger
Engineering and Anafysis DNieion
SR NEPA Oomplience Officer
US. Department of Energy
Savannah Uwer Opetins Offfce
P.O. Sox 5031, We DRW
Mken, south Cerulina ~31

Attention M.VEIS

Dear Mr. Graingec

The attded five psgss contain the Energy Reeeerah Foundation’s comments
on the M Etinmti Impaaf statement, Shutdown of the Rtir Wster System m
the Ssvannah RMr She, (ME/EIS-02SSD).

Seyond tb apSClflcao-ms we’ve enumerated, we atrongiy ume decisiom
mskera at SRS to carefully reaenaidsr the proposed eatlon forming the b=a far this
DEIS end to took dwanffy @ craetively for alternatives thst would preserve L Lake
snd W extracrdlnerv end valuable -SVStem. We believe enactment of the Drowa
act!on ccutd result b the bee to the nation arsl the region of a rare end vslu~le
wlcg!cal mseume. We also believe the proposed action, aa presented, -en
unmcepfable risk to’federsl tsxpeyera in that the action may rqulre a aoaly and
orolomed envlronmantal remedletbn effort which WOUWbe unneceeew without the
pr~~ sotton.

We enaoursge SRS decialomma~ra to find ways to lower the pmjaated
maimenam and energy costs -Iafed with prcvkllno a steady flow of tier weter
-m of the L Me @m. We thiik th~ can be tie In weye the! eubatenmny
rsdu~ le~tm ccate while preserving the valuable ecological resource.

We abo encourage SRS decision-makers to consider thet the proposed aotion
runs the aonalder~ risk of davalcplw into .sdsbwle that would further undermine
the credibility of the national DOE envlmnrnental remadlatbn prugrem and the
environmental remedlatiin program et SRS in particular. To be blunt, alb%ng L Leke
to recede appears, #mOSfby design, to be penny wise snd Wlier foobh. Aren’t there
enough ccnfarnlneted arass S! SRS tMrequtre sctlvs remedlstlcn (not to memion
co~ SemPlin9 * a-) ~hoti PuwaeiY creating enatheti

We trust our comments on this matter Ml receive careful sftemtcn and thst
whatever d~o~ en- about the fate of the Rwer Water system, L Lake, end other
awa of this proposal will be msde tfroughtfuliy and withut haate.

‘hcer~ ~..
--MC, %*CW,.517Hti” S U,COlunh&SC29205.W311S6.7198,ti N3,256.9116

T,narm,,&& Bin-r. S.1016k M- %%.SWti. WA99204,=B38-ISW,(m~/624.9 188

..,”,,.. “.. .,,..,, ,.,. .,,.,,, ,,<
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Dec. 27, 1996

Energy Research Foundation

Comments on DOE/EIS-02680, Shutdown of the River Water System at
the Savenneh River Site

Summary Comment% The Draft EIS anempts to frsme consideration fore dacision
on whether to shutdown the system for pumping river water from the Savannah Kwer
to reactor areaa at SRS. The sole stated purpose for the proposed shutdown is the
~teotial savinga in annusl operational coats aaaociatad with the tiwsr water system.
The DEIS estimates that maintaining the equtialent Capscity of the existing system
would coat just over $2 million annually, and that shutting tiwn fhs system would
result in coats of between $.5 million and $1.3 mllllon annualiy, depending on whether
the system is completely deactivated or maintained with capacity for restart. The
evidence presented suggests that a decision to completely deatiivate the system
would be irrespfmslble, so the annual coat savings projected under the proposed
alternative Is approximately $1 million.

The principle negative effect of the prowaad action is the gradual
disappearance of a 1,~ acre lake (L Lake), the loss of valuable wetlands associated
with the permanent drawdown, and the reauHingdeet~on of the abundant fish and
wlldllfe commurdty that has developed since the lake waa created in 1934. The
gradual disappearance of the lake under the prcpoaed actlcn would alao expose
sediments known to be contaminated wtih Cesium-137, a radlonuclide whh a half-l ifa
of approximately 30 years. Sy exposing these sadlments, the proposed actiin clearly
invites the poaaibilii that Sate and federal environmental regulators may require an
expanafve cleanup action. tf so, it is conceivsbla--perhaps probable---that the
objective of the propcsed action (coat savinga) could backRre. What is more certain ie
that in order for the projected coat savings to be reaiiied, regulator will have tc agree,
in advance, ~t to require ative remediatlon of the exposed soils.

L Lake was created on S!eel Cresk which is the most heavily contaminated of
all site surface streams at SRS because of large releases of c~ium.137 in the early
years of plant o~ration. Out of the estimated tctal inventory of 560 curies cf cesium-
137 released to SRS surface streams, a little mere than half (an estimated 2s4 Ci)
were released into steel Creek, Due to radioactive decay, the remaining inventory in
Steel Creek shculd now ba substantially leas than 2W G (the DEIS provides an
estimate of% G) but ttis is still a substantial inventory and one thal warranta mncem.
Not only would the loss of pumped river water resuii in the gradual Icss of the water
“covefl over the contaminated sediments, h would also result in an unfavorable
change in water chemistry wtih the fikely consequence of enhanoed uptake of cesium-
137 by Iargemoufh baas and ether aquatic organlsma.

Further, the loss of L Lake would require a decisicn abut the faie of the L Lake
dam: etiher removiW the large dam or maintaining t. Annual maintenance of the dam
is eetimetad at &OO,OOObut there is no c=cstprovided in the EIS for removing the dam,
Loaa of tha dam wculd, of course, result in the Iosa of an important flood mntro
mechanism for Steel Creek, a capacity that could be Imponant to avoiding epiwdea
where flcod watera suddenly mcve large amounts Cf contaminated sediments
downtiream toward the Savannah River and the sfie bcundary.
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Another negative factor is that deacdvating the river Water pumping system
would result in a loss of capacity to provide makeup waler to Par Pond. Without
capacity to pump water to Par Pond there is tha clear risk that, in the went of a
regional drought, the @nd watar Ieval would drop below 195 faat and result in
contaminated aoila bacoming exposed.

Under Section X of the SRS Federal Facility Agreement, DOE is r~uired to
prepare a Sie Evaluation (SE) rewri of L Lake and other sites listed in Appetix G of
the FFA. The SE r~rt is to be eubm”tied to EPA d SCDHEC for their approval.
tinsiderin9 the effect the proposed aCfiOnwould have on the condition of L Lake, it is
claar that taking the proposed action wit~ut aubmlaaion and approval of a site
evaluation r~tt would violste the spirit, and Perhaps the Imer, of the FFA.

Finally, tha propoaad action appeara to be in claar conflict with Executive Order
11990 for tha prot~mn of wetlanda and DOEa own Wlicy of preaawing afi
proteming SRS wetlati rssou%= in accordance with the national “no net loss” of
wetlanda goal. Indeed, the DEIS concedaa that there would be maior bases of prime
habtat for wading birds under tha proposed action. The EO requires steps to mitigate
loss of wstlatia but thare are no substantive plans to offset thaaa 10- includa in
tha DEIS.

SPECIFIC C~MENTS

Coat snd Afternatlvea: Given that the sole basis for the proposed action in this Draft
EIS Is the Wtenfial for sos savings, the final E!S should provide a better organked,
more thorough, and better dOCUrnamaddiscussion of the faCfOrSthat will ulfimstely
effect direct - indhect coats.

~ The only purportad benefits projected to accrue from the propoati
action ia the savings in direct coata by the ahuttiwn of tha rtier water pumpiW system.
The final EIS should include fumher analyais of possible approaches for reducing the
direct coats associated wrfh maintaining at laas that pari of the Riier Water System
that will Sffecfkeiy avoid the greatest Wtantiaf for ScQlogicaland human health
impacts--the IOS of L Lake. These approaches should include, but not be limited to,
such opIons aa the intiallafion of higher efficiency pumps, potential for reducing
energy cueta associated with pump operation, and the potential for working with
Independent contractors, independent conservation andlor wildlife foundations, and
other state and federal aganclea Moss mission lmolv~ the protection of nalural
wetland reaourcea. lt is at Iaaet conceivable, for esample, that the personnel coats
associated with maintaining the suppiy of river water to L Lake and the maintenance of
the L Lake dam could be donated by a privata or public foundafiin whh an intereat in
preserving the valuable L Lake ecosystem. If SO, this by tiaelf would reduce the
projectad cost of the No Action aiternattie ffom roughly $2 million annualiy to $.5
million annually. And still there should be a way to substantially lower these rests to
benefit the t~ayer.

Even wtihouf thase potential direct coat savings, it should be nolad that the
benefits of the No Action alternative aa prasented in the EIS would appear, on their
face, to be well worth the projected coats. Not Onlywould the L Lake habitat ba
preaawed but the No Action ahernafive would avoid the unawidable ati aubetantial
cotis to hth the Department of Energy end the U.S. Environmental Protection Agancy
for the additional Samling, analysis, etc., that would k rqulred in order to determine

“._
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what, if any, remedial actions are necessary to satisfy CERCLA requiramema aa L
Pond recades.

Indirect Cosk whatever the projected =vings in direct Costa under the
propsed action, this ~tential savings must be evaluated against the prospsct that the
proposed atiion will necessitate a @stly cleanup effort ss the declining level of L Lake
exposes aolla contaminated wih ratioactiie ctium-137. In our view, the National
Environmental Policy Act (NEPA) requiress thorough evaluation of the potential
ramediation coats thst are likely to reSUitfrom the proposed Stilon. The flnat EIS
should inc!ude this evaluation,

In addition to the legal issues of NEPA compliance, it would be plai”(y
irresponsible for the Department of Energy to proceed with this ~ion without having
obtained a aubafsntive anawer from the U.S. Environmental Protection Agewy that the
acton:

a) is untikety to subject SRS to immediate enforcement actions for violWions of
the Comprehenske Environmental Reaponae, Comperraaton and Liability Act
(CERCLA) and othar federal and/or state laws, and,

b) iS unlikely to ra.SUilin subsequent determinations by EPA that the
censaquences of the propsad action will naoeaaitate slgnlficanf cleanup aofions
i~olving substantial coata to enaure prot=tlon of pubtic heanh and the environment,

The prospealve erwironmenta! ramediatlon coats associated with the proWseff
action could actually resuil in a substantial nel loss to the t~ayer. In sddtion to fully
analyzing the potential environmental remediatlon cOSa, the final erwironmental
impact statement should thoroughly consider other Ptent ial indireots coats that may
be associated with the proposed aation and aifarnatives. For example, under the Shul
Down and Deactiiete option the substantial coat of femOVhg the current L Lake dam is
not factored into the cost equation and should be.

Finally, the EIS sbuld factor in the contingency Costaof maintaining surface
water outfalls which rece~e wster from the River Water System. Loaa of water in thaaa
mnals would inavtabiy lead to their becomiw clogged with new vegetation which
would either have to be removed on a regular batie or at a future time when
circumstances may require reactivation oft he system-either to aupmrt futura ske
missions or to mitigate unforeseen environmental effecte. The final EIS sho”[d ]~fude
the maintenme costs of keeping the canals clear and the one-time costs for future
canal clearing operations should use of the outfalle egain become necessary.

Human Health Risk The anslysis and dlacuaalon of human health rlaks
associated with the proposed action are inadequate in several reapeofa.

1) The Draft EISmntains only a few scattered clues as to what the extenstve
sediment analysis at L Lake, as referenced on page A-3, revealed. This data
(reponedly involving in.eitu measurements at over 90 Iocatlona) snd ks implications,
should be at the cenfer of the diacuaaion of the worker and publii health
Conaequencea of the propoaad atilon. Yet, the results of this sampliW aren’t providad-
‘apparently because the data ia rmrtad to be u~atldated. It la ERFe view that SRS
should not hsve distributed for comment a draft EIS without having taken the time to
validate such lmprtant data. it is puzzling and somewhat diaturblng that SRS would

,...
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publish a draft EIS whhouf hating validated this data for use in assessing the affected
erwironment. It is clear that Figure A-1 on page A-6 was comfmaad using this
unvaliiated data. This was Improper b-use if allows authors of the DEIS to present
a synthesis of data wfihout producing the underlying data that supports the
presentation. Furthermore, it was improper not to publish a disclaimer on Figure A-1,
noting the fact that t was wmwsed using unvalidalad data.

2) On page S-2 there Is a discussion of a much more Iimfied core sampling
efforf involving 8 sediment cores. Here if ie reported that Cs=l37 concentrations from
these mre samples ranged aa high as 103 picocuries per gram, with a mean
wncentration of 8.7 picocuriea. This, alone, should give SRS decision-makers pause
because one must, for the time being, make the conaetvative assumption that the draw
down of L Lake that will occur as a resull of the prowead action will esposa sediments
at or near this level of contamination. If se, there is a good Iikelihti that a major
ewlronmental remediation efforf will b r~uirti by EPA to deal with this
contamination. The cost of such a remadiation could e=ily nagate-avan exceed-
whatever coat savings are projected by ehutdown of the River Water system.

3) Figure A-1 on page A-6 should be recfrmpcsti using validatad data from
sadiment samples. The figure should, to the extent prmnable, provide the Iecatiins of
specific sampling locations so readers can get a clearer sense of how the daslgnatad
tipleths ara composed. It should also include a depiction of the areas greater than 2
pimcurles psr gram of sediment Ca=l37 becausa it la this Iwel of contamination that
would (assuming the formula being used in the DEIS for these cowerabns is
awurate) reach the Id risk level for the residential scenario, a more likely threahhold
for remediation than the 10-6 risk Iwel for the residential ccenarlo that is presented
(along with two worker scenario rick voi~ma) in Fiiure A-1.

Moreover, if ia important that the Depatiment’a decision-makers have a clearer
underspending of the polemial hazard that would be creatad If the Department pursues
the proWsaU action. At this pint if would be prudent for DOE to assume that EPA will
require remedial actiona for those areas where rlak Iwels are at or exceed the l&4
Iietime risks calculated at the 2 pCJgram level for Cs-137.

4) With the shutdown of the rker water system it is inevitable that the water
chemistry in L Lake and S[ss1 Creek wIII change. Among other changes, there will be
lower nutrient loading and a decline in ~ecifii Conductance. Aa was obsewad during
a recent drawdown at Par Pond, the decline in potassium (attributable to lower levels
of potassium in Qroundwafer and other natural inflows relative to Savmnah Rmar
water) resutis in increased biologlc mobllify of caaium-137. This change is Iike& to
increese the cesium-137 concentrathns in Iargemouth base and other aquatic
organisms not oniy in what remains of L Lake but in the entire Steal Creek syaem
down to the Savannah Rwer. This is significant because the State of South Carolina
(with SUPPORfrom the Ewlronmental Protection Agency’s Region IV office) has
already isued a fish consumption atiaory for the Savannah River new and
dcwnatream of SRS because of the relatively high concentrations of CS-137 in fish.
While this increaca in health risk may only be marginal, * does provide another reason
to carefully cona~er the environmental and human heaffh consequences of the
proposed action.
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Ecological Impacts, Risks and Potential Opportunities: OVerSll, the Drafl EIS
does a thorough job of detailing and explaining the real ad potential ecological
effeots of the pro~sed action and alternatives. The dfscueeion of the zoological affecta
of the proposed action should imlude an independent assessment of the value of the
L Lake ecosystem, such as estimates of the value of the Iake’e fishery, the value of the
emraordlnary wadim bird habitat, and the value of the lake in terms of maintaining the
site’s bald eagle population. The value of the L Lake ecosystem should be aaseaasd
within a regional mntext. For example, %would be useful to know the estent to which
ecosystems almilar in abundance and variety are found elsewhere in the Central
Savannah River Area and the southeast United States,

This discussion could also benefit by aaaeaaing the value of L kka as a
potential emlogical research area wkhin the mission associated with SRS’S
designation as a National Environmental Research Park.

Coordination with EPA and other Federat and State Agencies

Gtien the Ptential fOr increasing human heakh riska and the threatened I,JSSOf
a subata~ ial natural reaeurce fike L Lake, the Department of Energy must ensure that
its decision making is coordinated wtih the Environmental Protection AgeMy, the
South CarolJrra Department of Health and Environmental Centrol, and other federal
and sate agenciffi who may have a legitimate role to play in deciding the fate of L
Lake.

SpWifically with rqard to EPA, L Lake! steel Creek, snd other comaminated
areaa pOtentiailYaffected by the prOpOSSdacbon, are hated in Appendix G of the SRS
Federal Facifii Agreement (FFA) as sites r~uiring waluation under terms of the FFA,
DOE, is oblig+ to conduct actions at sites lied in ~rsfix G in accordance w~h
spec!fled requirements of the National 011and Hazardous SubataMes Pollution
Contingency Plan (NCP). Thsee obligations include the submission to EPA and
SCDHEC of Removal Sie Evaluation Reports (SES) so these agencies can make
determinations as to what, if any, remedid actiina are required at the Ksed site(s),
Under Section X of the FFA, if DOE should dissgree with the response actions
recommended by EPA arrd SCDHEC, 2 can then submit the matter for dispute
resolution.

In our view, any decision to move ahead with the shutdown of the water system
at SRS whhout approval by EPA and SCDHEC of the SE for L Lake is a viotation of
the intent of Ssction X of the FFA. We therefore recommend that concurrent with this
NEPA process, the SE for L Lake ~uld ba prepared and reviewed by the agencies
under terms aet forth in the FFA. A determination on the required SE for L Lake should
be usad to inform the options set forth in this DEIS.

Executive Order 11990

The proposed action in this Draft Em6ronmental Impact Statement appears to
violate Executffe Order 1t 9S0, “Pmtetimn of Wetlsnda,” which rWuirea federal
agewies to avO”@impacta to wstlands if a practicable alternative exists. In addition,
faderal poticy ia to achieve the goat of ‘no net loss” of wetlands. In this case, 00E haa
Mt propsed a mitigation measure to -mpany the proposed aotkrn; the net Ioaa
would occur. More importsn!fy, a practicable aftemetive to the proposal action does
exist in the form of the “no action” alternative described in the DEIS.
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Response to Comment L9-01

DOE has carefidly evaluated the beneficial and
adverse effects of the action. Although DOE
acknowledges loss of L-Lske and approximately
189 acres of littoral (shoreline fringe) wetlands,
it is committed to restoring the valuable
ecosystem that L-Lake inundated, including 225
acres of bottom land forest wetkmds.

As indicated in this FEIS, Sections 4.1.8 and
Appendix A, the L-Lake drawdown is unlikely
to expose L-Lake sediments with sufficient
levels ofcesium-137 to warmnt active
remediation (e.g., soil cover, excavation).
However, DOE acknowledges that the final
decision on remediation would be made after
completion of the FFA process. DOE does
anticipate the need for appropriate land use and
administrative controls, erosion control
measures, monitoring, and similar activities,
which can be accomplished at moderate cost
relative to cost savings realized from DOE’s
proposed action. This EIS addresses potential
cleanup costs (see Appendix A), environmental
and aesthetic damage (see Sections 4.1.5 and
4.1.7), and worker risk (see Section 4.1.8) in the
event remediation of contaminated l&ebed
sediments is required.

Response to Comment L9-02

The small punrp layup scheme presented in
Section 3.3.2 could preserve L-Lake and save up
to $307,000 per year compsred to savings of up
to $797,000 per yesr for schemes that could not
preserve L-Lake. This range of la~p options
for the proposed action is presented to enable
the decisionrn~er to evaluate the tradeoffs
between three layup schemes. Section 3.3.2 has
been revised to clsrify that the small pump
layup scheme could preserve L-Lake.

Response to Comment L9-03

DOE believes that the reversion of L-Lake to
original Steel Creek levels would enhance the
efficiency of rather than jeopardize final
investigation snd if necessa~ remediation of the

Steel Creek channel and floodplain, which is an
Integrator Operable Unit (IOU) under the FFA.
Investigation would include the portions of
Steel Creek upstream, downstream, srrd beneatb
L-Lake. Clearly the reach of the Steel Creek
stream channel and floodplain that is currently
beneath L-Lake would be more cost effectively
investigated as the channel is exposed by the
drawdowrr of L-Lske.

Contamination in L-Lake exclusive of the Steel
Creek channel and floodplain is discussed in
Appendix A. Because there is little, if any,
additional contarrrination since DOE built
L-Lake, the concentration of contaminants in
this area is relatively low. Please see the DOE
response to Comment L9- 18 for details on this
portion of the l&e.

Response to Comment L9-04

Responses to Comments L9-03 and L9- 18 are
responsive to this comment as well. Also see
the DOE responses to the EPA letter (L1O).

If remediation is required in Steel Creek below
L-Lske, failure to remediate tbe portion beneath
L-Lake would cause continuing releases that
negate the remediation. If remediation is not
necessary above or below L-Lake it is doubtfil
that remediation would be required in the reach
that is presently beneath L-Lske. Although
there is considerable variability in contamirmrrt
concentrations from point to point in the
strearrrbed, the “hot spots” srrd average
concentrations are essentially equal in the three
reaches.

Neither DOE or its regulators would agree not

to require active remediation of the exposed
sediments until characterization and evaluations
under the FFA are complete.

Response to Comment L9-05

Ccntinued saturation of contaminated Steel
Cr ;ek sediments is expected under the proposed
action. As discussed in the EIS, aerial
radiological surveys conducted since 1974
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indicate that the radionuclides in tie Steel Creek
system have remained channeled in a zone that
correlates with the historic stream channel and
floodplain forthe creek. Additionally, studies
performed by DOE in support of the L-Reactor
Operation EIS (DOE 1984) indicate that most
contaminants deposited in Steel Creek stream
bed are in the upper regions of the floodplains.
Since the floodplains are likely to remain
unchanged under all alternatives (i.e., these
areas will remain saturated), incremental
impacts are likely to be small.

Response to Comment L9-06

If DOE decides to implement a shutdown
alternative, it would maintain both the Par Pond
and L-Lake Dams at an annual cost of

approximately $500,000 compared to
approximately $2,250,000 per year to continue
cooperate the R]ver Water System. After
drawdown and a decision to deactivate the River
Water System, DOE would not continue L-Lake
Dammaintenarrce. Itwould either breach the
L-Lake Dam or take the necessary actions to
ensure continuous, unobstructed flow through
the existing outflow structure.

It would be premature to make a decision on the
dam deactivation option to pursue, which would
not be implemented for approximately 10 years
after a shutdown decision. DOE believes that
this cost, in terms of present \vorth, is small
relative to tfre immediate and cumulative
savings that would occur under shutdown.

Response to Comment L9-07

DOE believes that Par Pond would not fall
below the 195 foot level unless there was a
catastrophic drought that would affect water
quality in other regional lakes and streams. In
calendar year 1996, a dryer-than-average year,
the lowest daily lake level was 199.21 feet.
Nevertheless, DOE prefers to maintain the River
Water System afier shutdown and, if necessary,
it would restart t] e system, pump to Par Pond,
and bring the water level to an appropriate level
above 195 feet. See Section 3.3.1.1,

Response to Comment L9-08

Section X of the FFA requires that if EPA and
SCDHEC determine fufiher response action is
necessary for an area, then DOE agrees to
amend Appendix C of the FFA to include such
areas and to conduct additional work at such
areas under terms of the Agreement.

To expedite the FFA process, DOE will not
submit a Site Evaluation Report for regulato~
review but rather will propose for the
assessment of L-Lake, with the performance of
further evaluations such as the completion of

appropriate stndies under the terms of the FFA.
This approach is consistent with the terms of the
FFA and supports ongoing initiatives to

expedite the FFA process (Johnston 1997).

Response to Comment L9-09

As discussed in Section 4.1.5.1.3 of the FEIS,

approximately 22S acres of creek bottom
wetlands were inundated when the headwaters
of Steel Creek were impounded to form L-Lake.
Savannah River Ecology Laboratory (SREL)
scientists have estimated that there are
approximately 190 acres of jurisdictional
wetlands around the edges of L-Lake, These are
areas with the requisite soils and hydrology to
support wetland vegetation. Approximately 122
acres of wetland vegetation have actually
become established along the shore of L-Lake
as a result of secondary succession and an
aggressive planting program funded by DOE
and carried out by the SREL. Under the
Proposed Action, L-Lake would gradually
recede and could empty in as few as 10 years.
As the reservoir recedes, littoral (shoreline)
wetland vegetation would be lost, would
become re-established during periods (high
rainfall) when reservoir levels stabilize, and
would be lost again during drought periods
when the reservoir level drops precipitously,
until the reservoir reaches an equilibrium,
These anticipated cycles of dessication-
revegetation-dessication are described in
Section 4.1.5.2,2 of the FEIS. The analysis in
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the FEIS is based on the expectation that the old
Steel Creek channel would ultimately become
re-established in the L-Lake basin, with some
pooling of water just upstream of the dam as
described in Section 4.1.2.2.2 of the FEIS. The
wetland acreage that ultimately develops would
be approximately the same as that which existed
circa 1983, before Steel Creek was impounded.
Thus, although there would be short- and
intermediate-term losses of wetlands as the
reservoir recedes, there would be “no net loss”
of wetlands over the long term.

The FEIS discusses a number of possible
mitigative actions (Section 4.1.5 .2,2) including:
(1) lowering reservoir levels slowly to minimize
erosion and encourage the establishment of
wetland plarrts around lake margins, (2) planting
grasses on exposed slopes to stabilize bare areas
and prevent erosion, (3) planting loblolly and
longleaf pine in upkmd areas once they have
stabilized, and (4) planting hardwoods in areas
where survival is likely. Although a final
restoration plan has not been prepared, DOE is
currently drafting a plan to implement these
mitigative measures if DOE selects a shutdown
alternative.

Response to Comment L9-10

In addition to cost savings, DOE has considered
indirect beneficial impacts such as reduced
energy consumption, reduced entrainment of
fish larvae and fish eggs and impingement of
fish in the Savannah River, and restoration of
the pre-Lake ecosystem, including 225 acres of
bottomland forest wetlands.

DOE acknowledges that cost savings is the
predominant direct beneficial impact. DOE has
followed Council on Environmental Quality
regulations in its revision of Section 3.3 to
include costs of shutdown that “can be
supported by credible scientific evidence, are
not based on pure conjectrsre, and are within the
rule of reason.”

Response to Comment L9-11

DOE responds to this comment by its
components:

Avoid the loss of L-1ake

Higher eficierrcypumpslpotential for reducing
energy costs

DOE intends to operate a high efficiency pump
(5,000 gallons per minute) that will reduce costs
and save energy, Schedules indicate that
operation of the R]ver Water System with this
pump and issuance of this Final EIS are nearly
concurrent. Use of this pump would avoid loss
of L-Lake under the No-Action Alternative or
selection of the small pump Iayup scheme under
the Proposed Action.

Working with independent contractors

DOE has not ruled out privatizing operations
that would result in cost savings. It is doubtful
that a private contractor could provide personnel
with the required skills at less cost. Also, there
is no apparent savings in energy costs by
privatizirrg. DOE has an active vendor forum
program in place and has received no proposals
for privatizing the River Water System,

Working with independent conservation arrdor-
wildll~e foundations

DOE welcomes dialog with conservation and/or
wildlife foundations but has received no
proposals for involvement with the River Water
System during the first 10 months of this NEPA
process. DOE has revised the Foreword in this
EIS to invite such dialog.

Working with other state arrdfederal agencies

Other state and federal agencies have also been
informed of the action that DOE is considering.
It is unlikely that another government agency
woulds ~ek to increase its mission in light of the
reduction of budgets and downsizing that is
undeway.
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Donation by private or public foundation to
maintain river water supply and L-Lake dam

DOE welcomes such proposals and has revised
the Foreword to indicate its willingness to
consider donations for the preservation of
L-Lake.

Benefits of No Action alternativeappear to be
well worth the projected costs

Preserve L-Lake habitat

DOE believes that there are both adverse and
beneficial impacts in the loss of L-Lake. DOE
attempts to evaluate both the positive and
negative aspects of this issue in this EIS.

Avoid costs to satisfi CERCLA requirements as
L Pond recedes

DOE is awere of the costs of investigation and
potential remediation of the Steel Creek IOU
including the streern channel and floodplain that
is currently beneath L-Lake. It is not convinced
that the drawdown of L-Lake and inclusion of
the portion of L-Lake that is outside the stream
channel and floodplain will increase these costs.
Because the contamination of the channel and
floodplain occurred prior to the impoundment of
L-Lake, there is relatively little contamination
in the lake exclusive of the channel and
floodplain. The response to comment L9- 18
provides additional discussion pertinent to cost
for remediation.

Response to Comment L9-12

The DOE response regarding the cost of cleanup
is fully covered in its responses to Comments
L9-03, -n, and-18. Basically, DOE believes
that the draining of L-Lake would not increase
the cost of a complete cleanup of the Resource
Conservation and Recovery Act
(RCRA)/CERCLA units within the Steel Creek
watershed, including cleaaup of that portion of
the watershed that is b, neath L-Lake.

In accordance with NEPA, DOE has prepared
this EIS at the earliest possible time to insure
that planning and decisions on the operation of
the River Water System reflect environmental
values.

DOE has responded to the cleanup effort in the
manner recommended by its Office of Policy
and Assistance. Because the investigation and
potential cleanup of the Steel Creek watershed
is not ready for proposal, DOE treats it as a
connected action, with indirect effects. DOE
addresses this connected action in Appendix A
and Section 4.5, Cumulative Impacts but defers
alternatives for the connected action until
feasibility studies under the FFA are initiated.
If, at that time, the actions under the FFA call
for the procedural and documentation
requirements of NEPA, DOE would incorporate
NEPA values in the FFA documents or, after
consultation with stakeholders, could choose
separate but integrated NEPA and FFA
processes. This approach is described in L-Lake

Site Evaluation and Remedial Alternatives Study
in Section 1.4 and is fully compatible with the
applicable order, remmmendation, and policy
statement of DOE.

Response to Comment L9-13

DOE will comply fully with applicable Federal
and state laws in making its decisions on the
Operation of the River Water System. In
addition, DOE will coordinate as necessary with

EPA mrd SCDHEC to ensure that the decisions
it makes on the system as a result of this EIS are

compatible with potential remedial decisions it
will make for L-Lake under the SRS FFA,

In response to historic releases of hazardous
substances to the environrrrent at the SRS, EPA

included the Site on the National Priority List
(NPL) under Section 105 of the CERCLA. This

action became effective on December21, 1989.

A site on the NPL falls under the jurisdiction of

CERCLA, which bases control on risk.
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CERCLA requires decisions on site remediation
to go through a formal process under the FFA.
The proposed operational shutdown activities,
while supporting possible future SRS
operations, would also ensure the ability to refill

L-Lake if an interim or final remedial action

required the stabilization of exposed sediments.
DOE would coordinate proposed operational
shutdown activities with the activities and
commitments in the FFA.

Response to Comment L9-14

The DOE position on potential remediation
costs associated with the proposed action is
fully covered in response to Comments L9-03,
-n, and-18.

This comment also addressed the cost of
removing the L-Lake Dam. If DOE decides to
deactivate the River Water System immediately
or afier a period of stnndby, DOE plsns to leave
most, if not all of the dnm in place after L-Lake
drains.

DOE bases this plan on correspondence with the
U.S. Army Corps of Engineers who, in turn,
notified other relevmrt State mrd Federal
permitting and resource agencies (i.e., U.S.
Department of Interior, Notational
Mnrines Fisheries Service, EPA, SCD~C, snd
the SC Department of Natural Resources).
Based on the information provided by DOE and
the fact that the agencies offered no comments
or concerns, the Corps of Engineers concludes
that DOE is not required to remove the
embankment.

DOE would select sn economical option that is

protective of hrsmsn health and the environment

such as breaching or ensuring unobstructed flow
through the existing conduit.

Response to Comment L9-15

DOE considers vegetation control in outfall
canals to be within the uncertainty of the

preliminary su~eillance and maintenmrce cost

ad one-time cost to restar’t presented in

Section 3.3.2. Further, my attempt to estimate
them would be based on conjecture because
DOE doesn’t kuow which outfall, if any, would
be used in the event of an order to restart the
River Water System.

Response to Comment L9-16

DOE believes that both the Draft snd Final EIS
clearly indicate what the sediment snalysis of L-
Lake revealed.

Validated data from 1996 sampling have been
used in the Final EIS for the evaluations of
humarr health and the environment, including
Appendix A. The in sizu gnmma analyses
represent scoping level analyses using special
methods. The detailed results of these studies
ae available in the DOE Reading Room.

DOE believes that it was appropriate to use
invalidated datrrduring prepsration of the Draft
EIS while the validation process was undeway.
Validation was compIeted just prior to issuance
of the Draft EIS, and DOE determined that the
validated data did not negate mry of the
evaluations in the Drafi EIS, DOE has added a
description of the ssmpling data sets used in the
Final EIS (Appendix F) and has expanded mrd
revised all affected sections based on validated
1996 data for L-Lake (see Sections 4.1.5 snd
4.1.8 arrd Appendixes A, B, C, and F).

Response to Comment L9-17

As per guidance provided by the DOE Office of
NEPA Oversight, EIS analyses are based on
reasonable exposure conditions such as those
represented by average concentrations. Using a
maximum concentration to assess exposures

would present the highest consequences but
would not represent concentrations found
throughout the dried lnkebed. Both the human
health and ecological impact analyses in the
FEIS nre based on validated data from extensive
snmpling of the entire lnkebed.

E-49
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Response to Comment L9-18

In support of the EIS, DOE has undertaken a

study to identify and evaluate the likely range of

remedial action alternatives that it might

ultimately consider under the FFA with respect

to the contaminated sediments within L-Lake
exclusive of the Steel Creek stream channel and
floodplain. A summary of the study results is
presented in Appendix A. Based on these
preliminary evaluations, DOE believes that
institutional controls to prevent residential use
of this area for a period that allows for natural
radiological decay to safe levels maybe the
most reasonable remedial optiorr. Natural decay
would reduce cesium- 137 (the primary
contmrrinant of concern) to near background
levelsin 100yems, Duringtbatperiod,onsite
worker exposure levels would be well below the
current SRS occupational standards for radiation
protection. ~Is evaluation suggests that
institutional control, and potentially no action,
would be adequate to ensure protection of
public health and tbe environment. Costs
associated with those remedial options would
not be great. For example, approximately
$15,000 would be required for si~ placement
and deed notification under the institutional
control option.

Response to Comment L9-19

DOE included Figure A-l in the FEIS to show
data points upon which the remedial options
study is based. The revised remedial goal
option for the onsite worker scenario at the 10-6
risk level presented in the FEIS is not

representative of 10-4 risk level for the
residential scenario as was the case for the
DEIS. Therefore, the FEIS was revised to
separately evaluate the onsite resident at the

10-4 risk level in the remedial options analyses
presented in Appendix A,

Response to Comment L9-20

DOE found that calculated Iidiation doses to
minnows in Par Pond, L-Lake, and Steel Creek
were 1.3 x 10-5, 4.9 x 10-5, and 5.2 x 10-5 rad

per day, respectively, well below the DOE
aquatic organism limit of 1.0 rad per day. In
addition to minnows, the Final EIS analyzed
radiological impacts to largemouth bass. The
calculated total radiation dose to largemouth

bass in Par Pond was 3.9 x 10-4 rad per day,
virtually all of which was due to exposure to
one isotope, cesium-137. The calculated total
radiation dose to Iargemouth bass in L-Lake was

slightly lower, 2.1 x 10-4 rad per day, nearly all
due to cesium-137.

Response to Comment L9-21

The FEIS presents a detailed description of the
existing bLake ecosystem, with discussions of
water quality, plankton, fish, wading birds,
waterfowl, amphibians and reptiles, semi-
aquatic mammals, and Federally-1isted species,
such as the bald eagle, that forage in and around
the reservoir. The FEIS emphasizes L-Lake’s
ecological “value” as wading bird habitat,
wintering waterfowl habitat, alIigator habitat,
and bald eagle foraging habitat. The importmce
of L-Lake as habitat for Federally-listed species
is in a regional, as well as local, context in
Section 4.3.5.3.

DOE has designated 30 areas on SRS totaling
more than 14,000 acres as National
Environmental Research Park (NERP) Set Aside
Areas. These Set Aside Areas are undisturbed
natural areas (e.g., Carolina bays arrd mature
hardwood forests) that are protected to promote
biological diversity locally and regionally and to
provide baseline data to evaluate impacts of
development on the SRS. They also serve as
examples of how ecosystems should look and
function after contaminated areas are
remediated and restored, L-Lake, which is a
man-made impoundment and has historically
been influenced by SRS operations, would not
be a good candidate for protection under the
NERP Set-Aside program.
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Response to Comment L9-22 measures, DOE agrees that continued operation
of the River Water System is a reasonable and

DOE believes that submittal of a Site Evaluation practicable alternative within the meaning of
Report for regulatory review under the terms of NEPA as it was evaluated in the EIS with the
Section X of the FFA is unnecessary, and same scientific rigor and thoroughness as the
proposes further assessment of L-Lake under the other alternatives. However, the No-Action
FFA for consideration of early and final Alternative does not satisfi the purpose and
remedial actions. This approach is consistent need for agency action (see Section S.2 and
with the terms of the FFA snd supports ongoing Chapter 2 of the EIS), which is to identifi
initiatives to expedite the FFA process. (See the SUWIUSinfrastnscture such as the River Water
responses to Comments L10-01 and L9-09.) System and develop an action plan for its

disposition, This assumes that the River Water
Response to Comment L9-23 System has no mission snd will become

The response to Comment L9-09 addresses the
increasing y expensive to operate in tie future.

“no net loss” of wetlands issue and mitigation

E-> 1
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#&ni UNITEDSTATESENVIRONMENTALPROTEC~N AGENCY
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REG[~ 4
ATIANTAFEDERALCENTER
100WAMA STREET,S,W,

ATMTA,GEORGIA~03-3104

Dmmber 30, 19%

EAD/OEA.mh

Andrew R. Chainger
SRNEPA Compliance Ofticer
U.S. Deptiment of Energy
PO. Box 5031
Aiken, SC 29804-5031

SUBJECT Drsft Etironmti Impact Ststerttent (DO=IS-0268D) for the
Shutdown of the Rivti Water 8ystom at the Savannah ttivm Site (SR8),
Aiken, South Ciuolinn

Detu Mr. OTainger

We havereviewedthe subjectEnvimnmerti Impact Statems!tt @IS) in accordance with
S@on 102(2)(C) of the Nstional Environmental Policy Act WA) a“d SetiOn 309 of tie
Clean Air Act. The proposed sctionis to shutdow the SRSRver WaterSystemmd to placeall
or portions of the $@m in a standby rendition. OveAl, the D& E3S is well writtenmd
illustrated. We agree that the format used enhanm the cltity of the pressrtsation ofdy~
(peg. 4-I). Our detsiled comments we provided ss m Sttnchtnent,

This NEPA sction should k coorduted to the fullest exteot psgiblc ti~ Fede~
Facilities Agreement (FFA) activities, This coordination could be tieved in two WaYS
(1) a joint EIS~A Record of D@ision (ROD); or, (2) expediting the FFA process so thst
implementation of the preferred Sttemtive under tbe EIS ROD a be coordimted with the
nwwm FFA rmedinl action. It is EPA’s opinion that coordinating the NO dmisions codd
bcs Wllitate implemmtstion of cleanup and operations.1shutdow Sctivjdes

Bnsed o“ our reviw, we rate the Dr& EIS “EC.2’,; thst i%we hsve ~n~ometid
concerns about the project sod more info-ion is nded to fully8SWS the impacts. In
psrtiti, the issue of ecological risks ws!’rsntsfurther discussion in the FinrdEIS,

Comment L1O. Page 1 of 7.
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If you have questions about tiese mnmmm, PI- contaciMarion Hopkins of my M at
4M1562-9638. The EPA RmediaJ Project Manager for SRS is J& Crane. If you have questions
specific to the FFA prows% you may conmct him at 404/562.8546.

Sinwrely,

Heinz J. Mueller, Chief
Officeoffitinmuml hemat

Amchment

PKe4-22P

Comment L1O. Page 2 of 7.
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PWe One of Five

C0mntent8On
Draft Environmental Impact Statement

Shutdown of the Wver Water Distribution System st tIIe
Savannah River Site

(DO~IS-0268D; November 1996)

1. ASsummarized in TA1o S-2, the prefmed attemative wotdd restdt in the potential for
incr~d exN9.tre to contamination due to three primarychang~ in the physical-e of
the environment

Reduction of firealwtent of impounded watet would expow underlying
contaminated seditttenb and thereby

1) Incr- exposure to wnttination by terrestrial faun~
2) Increase mobiliition of mntatninated sdimats due to runoff erosion

md tind disp=sioq and,
3) Deareased b~ flow of stieams rweivins bh -t w= nnd non-pint

source discharges (e.g., wnmnbd ground water rectisjng streams)
catdd &ect m increase in canmninmt c.ntmtrations within the stre.qm

The re~ting increases of contarnti exposure under tbe preferred alternative should be
mrdinated with a mnsid=ation of e.pproptiateaction under the terns of the FFA. ‘fhe
EIS provid~ a thorough docummtadon of the premce of LLake contantimtion.
Therefore, in light of the thorough evdtmion of L-Lake in the EIS, the L-L&e Site
Evfduation under the mm! of S~on X of the FFA ap~s to be redundant
dowmcntation and unnecessary for the purposes of Section X of the FFA. The draft EIS
provides sufficient infomtntion to add L-tie to Appendix C of the FFA for cotidmation
ofear~ d ~ rentedielactions.

AdditionaliT,Appendix A to the EIS is m excellent resource for scoping the 3WFS for L.
tie, The tbor.aufiess of the MS documentation for L-Ne should suppon m
exp~,td documentation pmcas for a tin81remedy %l~on for L-hke

2. ~ The disatssion of the FFA remedy seltion prmss OV-U
the level of complexity and time neceq to yield cleanup decisions unda the terms of
the FFA. Tertns such ~ “rigorous dtenmives mta~i”, “long and involved” maybe me
for DOE internally; however, such terms are not implicit in the cl~up prowss under the
FFA.

Comment L1O. Page 3 of 7.
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Page Two of Five

The reference to a “near-term operadonal d~tion., .,in lightof a long.term ptenti~
rcmdld nction” is misleading. w31ereasa remedial action for L-Lake maybe a Iong-term
mlution, the evaluation md decision making pmcew leading to a rentti action, as
wired under the FFA,maybeexptited. DOE shotid be capable of acmlemdng i
remdia,l action decision for LMe if DOE is intctestcd in such m acceleration. fn fret,
m smted in General Comment 1 above, effofi should be mede to coordinate a cleanup
decision md $hepreferrti e.ltemti. This ~rdination codd be achieved k two mys

1) a joint EIS/FFA ROD or,
2) mpediting the ~A process so that implementation of the pm rdternative

undm the EIS RODcm becmrdimted withthe nw~ FFAretndld
action.

It shoadd& recognizedunder the two scmarios above thm the end state objecdva of the
EIS ROD and the FFA ROD are similar (i.e., protti human b+ and the environmmt),
although the cause for the RODSunder the two prow differ con$idhly (i.e.,EIS is
om~Ons driv~, FFA is ~~UP dfim). Thaefore, it is DOES r~nsibility to pursue
the approach which will best ensure pint-n ofhuw htith and the environment while
effdvely mtig its resources to aampiish the objecdves of kth its operating
pm- and olmp program, It is WA’S opinionIbt cmrtitng the two decisions

codd hst Mlitate implementation of cleanup md operadond shutdown activiti~ which
ndtimk tiding needs for documentation md meet the mnuno” obj~ves ofhth
proms.

3. ~ - Currmtly, L-L* is a site included on Ap@ix G of the FFA.
Appendix G i~lud= ~t@ fiich my rwfim fifiher inveti@on for considmtion of
rcmediti mdon, DOE’s prefetred tierrmive of wdby is supported based on fiture site
missiom requiring watw and the potitial need to refdl L-Lake w a CERCLA remedial
action. RefillingPar Pondw chow m m interim rc.ntedialaction to stabilize the
exposed scdirmnts 8round the ptiplmy ofPat Pond, FM rmedial actionobjtiiv~
havenot been w forPaIPond.Therefore,it appears ine.pproptitely presumptive at this
time to dcfmd the pref~ed dtemrdive of the EIS (i.e., standby) on the potendal for
establistdng find rdial action objectives for L-Lake which require mndn”ed o~ration
of tbe river water distribution system. Rather than base the EIS decision on a potentird
CERCLA ROD, the EIS and CERCLA pro~atns shoutd be combined’to strdine
dmmenwtion ~iwents and to titi an titetne.tive which is cantistent tith the
objdves of the two pm~m.

m,. . . ..-

L1O-O4

L10-05

L10-M

Comment L1O. Page 4 of 7.
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1. ~ - Reference is made to”. ..apply othm masures to tinitttize potential
advme eflects of exposed timts, which Contis cantamimnr~ in the I&e bti? It is
a%untd ti this is a reference to mcazures deemed nwq under the tmns of the
FFA ~s refaenw shotid be clarified by expressing the ex- approach, including
schedutig, under the WA

2. ~ A table illustrating the historic, current, and expected fintre flow rata
to a!l w~ays wotdd help to convey the ifimtion presented in this %ction.

3, -11..14 It apx that the reductionof flowthroughthe dver water
disoibution system from 23,M0 gpm to.5,000 gpnt could redt in elwaf~
conmtrations of contafittmk in pordons of somestrcmtsdue tOa ~~tion of b~
flowratestith point source (e.g., ~DES discharges) and non-po,ktsour- (e.g.,ground
water conumin~ plume)diwhitrgesrtining constnnt,The appmpriatmas ofthe

categoricalexchsioq wn.sidet’ingthe reducedflow tztespotentitdimpactto ztremn
con~t Ievfdz,shotid be more thom”gldy dewriw.

4. ~ The second to last pzra~h of this section (L-Lake Site Evnluntion..,)
states the b~ for the EIS decizion is vtious human bdh cxpowre wtios. Exposure
to ecological meptors is a Pfirnarydccizionfnctor ~1 the actions under mnsideradon md
zhould be ticluded in this discu~on.

6, ~ The l~t paragmph of tis section (L-LakeSiteEvdufion.,,)
zununarizes the approach to considering htnnm health exposure and risk uuder the two
decizion ting proce~$. Again, =ologid risk is not mmtioned, Additiomlly, w
mentiond in %ere.1 Comment 2 Ave. ~dinting the decisiom un&r the two
pmpe.ms could b=t tiilitate &he we of DO& WW=. Such a coor6mti
titzion must inchde the CERCLA risk evaluation methcdolo~ for remedy seltio”,

7, ~ See Specific Commmt 3 be. Irre.spdve of the appropriatmezs of
the WA proms for mnzidaing impactz to site strw,mzfor reducing base ~a flow
by a totai of 18,000 gpm, implementation of the reduced pumping scmacio (i.e., 5,000
gpm) should be evaluated under the temtz of the FFA for conzidemtion of rund!zl acdon
to offset such an cfiti. Currently, the FFA mechanism for such wmidcration would be
docummtcd in tie Runcdid Investigation N work plzns for the Inte~tor operable
Units for the afimed ztreams, However, dtning of the dwelopment of tbue work plans
and the ztartup of the reduced haze flow my nffiendtate m e8rlier wtideration of
aPPmPritite~A action to offset reduced stream base flow, A3~tively, devdo~ent
md mbmiswon of the appropriate l“tegrator Operable Unit Rf work plans to docuntmt
the cimz.idtiation of mch ewly raedird actions wuld be ~dited,

PKM-24PC
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Page Four ofFive

Additionally, impact of redu~ flow for non-pint source discharges should be mnsidered
under the State’s NDES Program. It appearsthat the wend to l=t sub-ion
(Wa.stcwater Oiscbarges...) addresses this iwue. A figure would be helpful to show the
lwation of the permitted d~brirges. Atablewculd be helpfulwhich lists the streams, the
reduced flow per stream md the dischwge pints per stream

9. ~ Presentworth mst oftbe altwiv= would more tirlypotiny tk

implicationsof life-cyclerestsofthewtiom due tovariations in long-km maintenmce
rests (e.g., Shutdown Dmctiv8te may not ~uirc long-term tint- of the LLake
dam).

10. ~ - Thefourth sentenceMing “~nation of rive,Mter fromthe
gmlogic systmI could stimulate m whqunke...” Is this correct? 3fso, please elaborate

11. ~ This wtion ref.. the reader to ?,~on 4. I for details of
commitments of natural r~urw aswckited with the loss of L-Lnke Giventhat Secdon
4. I is eighty-five pages of mtiti it may be more appropriate to summarize the toss of
natud ~urces in Section 4.8.

12, ~ This Aon st8tes that “Natural Resourw Tmstees are
responsible for evaluating ntid XSOUIMinjuries md for -wing damages related to
such an injuy,” The EIS would benffit from a di-sion of wbotbe Tmsta are and
whattheirinputin the propo~d action has b~ m date

13. ~ The introduction ste,te~that WOE antici~ that it tiII be ~e~
yews Wore dedsions forL-Lakew be made.”DOL asthe kd Agencyunder
CERCLA, has the ability, and obligationunder its new4’10Yew Plan”, to pursue
amlmtion of FFA tities. ~is don imppropriately dwrib= the ~A schedules as
being inflexibleend e.ppnrentlyinapable of dation, Se OeIIere.1Comment 2.

14. ~ Although there are intiequacies in the wduation (e.g.,
ecoIo@d risk based ROOS,preli- RAOSwhich include 55 years of mcavatio” at ~
cost of 1,7 biltion), AppendixAmdprtiom oftheEISarem excellmtresourcefor
scopinga stid!md ~S for L-me in a -m consistent with the “S-
MethodoloW.”

15, ~ EPA agrees whh the final two Smtenms of ti opmins
paragraph to this section. Additionally,EPA believes that mpirtg the WS for L-Lake,
utilizing section A,2 as a smting point and follotig the “S~ methodolo~ may
WPPOmcOnsid=abie W-rig Offie mS for M ~te. This s~i may negate
the neti for developing sitiftcmtly more detailed infomtion beyond W which e.lrdy
exists, m expressed in the oWning smtence to this pnragraph,

. .. . . . . . .
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16, ~ Thelackof m -logical tik assement is a findammtalgap
in thisanalysiswhichwould have to be addresd in scoping a fim.1remedial @on for L-
Ne.

17,
,.~ Aweleradng h RIiFS for this site to h coordinatedwiththe

EIS acdonshould neme the need for additiond “Mitigtion Plm” documentation
identified in Odssection.

PKU-251
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Advance Delivery of Comments Included in
Letter L1O

DOE received a letter from EPA by facsimile
transmission on December 13, 1996. DOE
addresses the comments in that letter, which
was from Jeffrey L. Crane to Brian Hennessy, in
the responses to EPA’s formal comment
transmission in Letter L 10.

Response to Comment L1O-O1

DOE is committed to coordinating NEPA
actions being considered in this EIS with SRS
remediation activities planned and conducted in
accordance with CERCLA under the FFA, and
has initiated discussions with EPA and
SCDHEC to determine reasonable means of
expediting the FFA process to achieve
appropriate coordination.

As a first measure to expedite the FFA process,
DOE has compared data on L-Lake
contamination used to support the NEPA
analyses presented in the EIS with criteria used
under the FFA for Site Evaluations to decide if
additional characterization and, if necessary,
remediation, is needed (i.e., to detemrine if the
site should be included on the RCRA/CERCLA
Units List in Appendix C of the FFA). On the
basis of this comparison and discussions with
EPA and SCDHEC staff, DOE has proposed to
assess L-Lake under the FFA and bypass
preparation and review of a Site Evaluation
Report. DOE a~ees with EPA that available
data are sufficient to expedite the FFA process
for scoping additional studies to characterize
and, if necessary, remediate L-Lake.

DOE also intends to coordinate this NEPA
action with FFA activities by ensuring that data
obtained in the context of NEPA evaluations are
appropriately utilized in FFA activities. In

addition, DOE will continue to ensure that its
operational decisions regarding the River Water
System made on the basis of this EIS are
consistent with potential remedial decisions for
L-Lake that may be made under the FFA, as
demonstrated by the analysis presented in

Appendix A of this EIS and by the fact that its
prefemed action in this EIS presewes the option
of refilling the lake in the event that such action
is detemrined to be necessary under the FFA.
Fuflher, if DOE selects a shutdown alternative,
DOE would implement measures to limit
potential risk from contaminated lake sediments
that are exposed as lake drawdown occurs.
These actions may include implementing
institutional rind/or administrative access
controls, monitoring exposures to workers and
visitors, implementing measures to control
erosion of exposed lake sediments by wind and
water, and smveying and monitoring of exposed
sediment to further characterize the area and to
ensure risk levels are at or below predicted
levels.

DOE proposes that these and other potential
measures to coordinate tJreNEPA arrd EIS
processes be considered in the context of
ongoing discussions being conducted under the
FFA, which provides the appropriate framework
for planning L-Lake remediation.

Response to Comment L1O-O2

In response to this comment, DOE has provided
fufier evaluation of ecological risk in
Appendix B.

Response to Comment L1O-O3

DOE will continue to consider appropriate
remedial actions under the FFA in response to
increases in contaminant exposure that could
result if the DOE decision is implementation of
its preferred alternative. DOE is encouraged
that EPA feels that the documentation process
for L-Lake remedy selection can be expedited
due to the thorough analysis provided in the
EIS. DOE agrees that a formal Site Evaluation
prepared under the terms of Section X of the
FFA is unnecessary, and be further assessed
under the FFA. (See response to
Comment LIO-01,)
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Response to Comment L1O-O4

In response to this comment, DOE revised
Appendix A and the referenced statements in
Section 1,4. DOE’s experience indicates that
the level of complexity and time necessary to
yield cleanup decisions under the FFA can vary
widely depending on the complexity of the site,
availability of appropriate cleanup methods, arrd
other factors. In the case of L-Lake, DOE
believes that the decisionmaking process can be
expedited considerably with respect to some
actions. As noted in response to
Comment L1O-O1,DOE believes that existing
malyses are sufficient to allow for further
assessment of L-Lake under the FFA (i. e., no
Site Evaluation Report is needed) and to initiate
the process for scoping additional studies that
may be necessary under the FFA. Such actions
would be relatively uncomplicated and
expeditious.

However, DOE believes that a final cleanup
decision for L-Lake under the FFA would be
premature at this time. This belief was
established in view of the possible need for
additional characterization, risk determination
and prioritization, and appropriate furrding, and
the fact that the impoundment is an importarrt
site to be considered in addressing remedial
decisions for the Steel Creek IOU. There is a
probable need for more detailed characterization
of the kikebed sediments, which DOE could
most cost-effectively conduct as sediments are
exposed during drawdowrs (if DOE selects a
shutdown alternative). In addition, final
remedial decisions for the lake should be made
in consideration of remediation options for the
Steel Creek IOU, tie determination of which
will be based on comprehensive review of data
available for component streams and
contributing sources in the watershed (including
submerged stream channel and floodplain areas
withlrr L-Lake) and appropriate risk evaluations,
This process will take considerable time and
resources.

Response to Comment L1O-O5

In response to this comment, DOE has revised
Section 3.3.1.1 to confirm its commitment to

remedy the unlikely drawdown of Par Pond in
the near term until final CERCLA remedial
actions are implemented. It has also revised
Section 3.3.1 to clarify its intent in providing
the three restart examples.

Respnnse to Comment L1O-O6

As indicated in response to Comment L1O-OI,
DOE believes that documentation requirements
for L-Lake remediation can be streamlined by
initiating the scoping process under the FFA
without submittal of the Site Evaluation Report,
This EIS demonstrates that a timely operational
decision to implement its proposed action would
be cost-effective, protective of humsrr health
and the environment, and provide for orderly
consideration of relative risk and associated
funding priorities under the FFA, The proposed
action would also preserve the capability to
supply cooling water in support of future site
missions, refill Par Pond, or to refill L-Lake
until final decisions are made with respect to
these matters.

Respnnse to Comment L1O-O7

As indicated in response to Comments L10-01,
measures that DOE would apply to limit
potential risk from contaminated lake sediments
exposed as a result of lake drawdow may
include institutional and/or administrative
access controls, monitoring exposures to
workers arsd visitors, erosion controls, and
surveying and monitoring of exposed sediment
to firther characterize the area and to ensure
risk levels are at or below predicted levels. In
accordance with its NEPA implementing
regulations at 10 CFR 1021,331, DOE would
detail these commitments in its Record of
Decision and, if necessary, would explain how
these measures would be planned and
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implemented ina Mitigation Action Plm. DOE
worddcoordinate with EPA and SCDHECto
ensure such measures are consistent ~i~
actions that may taken under the FFA regarding
L-Lake and the extent to which such measures
could be implemented under the FFA in
consideration of such factors as scheduling.
However, DOE would take appropriate
measures to limit risk as part of NEPA actions
considered in this EIS and the NEPA Record of
Decision, irrespective of its obligations under
CERCLA and the FFA.

Response to Comment L1O-O8

In response to this comment, DOE prepared the
suggested table. See Table 1-1 in Section 1.1

Response to Comment L1O-O9

In response to this comment, DOE revised
Section 1,1 to include a more thorough
description of the process and the
appropriateness of the categorical exclusion for
operation of the 5,000 gallon per minute pump.
DOE reviewed this categorical exclusion
considering tie reduced flow rates and increased
concentrations in onset streams and determined
that incremental adverse impacts would be very
small (Section 4.2.2 compares September 1996
concentrations to those that will occur when
operating the small pump and those that would
occur under shutdown).

Although the streams are not used as a source of
drinking, exposures to involved workers are
assumed to occur due to incidental ingestion of
sediments and through dermal absorption. It
should be noted that the increase in contaminant
concentrations in the streams would not result in
incremental adverse impacts to uninvolved
workers or offsite populations.

The first table in Section 4.2.8.2 has been
revised to indicate the incremental risk for the
involved worker resulting from small pump
operation under the No-Action Alternative.
Table 4-26 presents the tritium concentrations
that relate to the stream (Pen Bmrrch) with the

largest increase in concentrations under this
alternative. The values presented in this table
represent very small increases in risk that would
not result in measurable adverse impacts to the
workers.

The hypothetical maximally exposed offsite
individual and the drinking water population at
Beaufort, Jasper, and Port Wentworth withdraw
drinking water from the Savannah River.
Because contaminant discharges would remain
constant and the flow in the Savansmh River
downstream of the discharges of Fourmile
Branch and Pen Branch would not change,
concentrations in the Savannah River would not
change and would remain well below drinking
water limits. Further, Section B.6 demonstrates
that ecological effects from contaminants are
unlikely under each alternative, including the
No-Action Alternative and its discharges of
5,000 gallons per minute to onsite streams.

Response to Comment L1O-10

In response to this comment, DOE has revised
the referenced paragraph to include the fact that
exposures to ecological receptors, as well as
human receptors, are evaluated for realistic
exposure conditions. Appendix B has been
revised to more tlrorou~l y evaluate risk to
ecological receptors.

Response to Comment L1O-11

DOE acknowledges that ecological risk is mr
important component of decisionmaking on the
Rkver Water System and has provided detailed
evaluations in Sections 4.1.5,4.2.5, and 4.3.5.
These evaluations are supported, in part, by the
revised and expmrded discussions in
Appendix B.

As the responses to Comments L10-01 and
L10-04 indicate, DOE will coordinate the
decisionmaking processes of NEPA and
CERCLA to the fullest extent practical.
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Response to Comment L1O-12

As indicated in the Response to Comment
L1 0-09, DOE does not expect adverse impacts

from this operational decision. It will rely on
the prioritization arrd scheduling processes of

the FFA to deternrine the need for expediting
Integrator Operable Unit Rf work plans. DOE
believes that if it is necessary to reduce
contaminant concentrations, the preferable
method would be to reduce the discharge of
contaminants by a customary method such as
closing arrd capping the source rather than to
augment the flow in the affected onsite streams.

Response to Comment L1O-13

DOE agrees that the suggested figure arrd table
pemrit a quicker understanding of the SRS
wastewater discharge paths and will include
them in tie Final EIS, Non-point source (e.g.,
ground water contaminant plume seepline)
discharges are not regulated under South
Carolina’s NPDES prograrrr. Nonetheless, the
impact of reduced stream flow on such
discharges is being evaluated by DOE aud the
results will be discussed in the Final EIS,

Response to Comment L1O-14

DOE considered expressing the present worth of
costs of tie Iayup and restart expenditures in
these tables. However, it decided that such
presentation would be confusing due to the
unknowrr need to restart and the period of layup,
Further, in the absence of detailed project plans
for layup and restart options, such “fine tuning”
is not justified, If DOE decides to shut dow
arrd maintain the River Water System, it would
prepare detaiied project plans to further assist in
identi&ing the prefemed Iayup option.

Section 3.2 confirms that under the shutdown
and deactivate alternative, maintenance of
L-Lake dam would be discontinued after the
lake is entirely drained.

Response to Comment L1O-15

Elimination of river water from the geologic
system could not stimulate an earthquake. This
statement has been corrected in Section 4.1.1.2
of the document.

Response to Comment LIO-16

Section 4.8 has been revised to include a table
summarizing the irreversibly and irretrievably
committed natural resources.

Response to Comment L1O-17

A goal of NEPA is to provide the public, state,
and Federal agencies and other interested parties
an opportunity to present their views aud
comments on a proposed Federal action and its
alternatives through tie public scoping process
and the document review process. DOE
acknowledges the Natural Resources Trustees as
one of many stakeholders with an interest in the
Proposed Action aud its impacts. In their role
as primary Federal Trustee, DOE notified the
SRS Natural Remurce Trustees of the proposal
concerning the shutdown of the River Water
System in March 1996 aud presented the
Trustees with additional information at the
June 11, 1996, meeting where comments were
solicited. The roles and responsibilities of the
Natural Resource Trustees in the evaluation of
natural resource injuries and the assessment of
damages related to such an injury are authorized
in Section 107(~ of the Comprehensive
Environmental Response, Compensation, and
Liability Act of 1980 (CERCLA). DOE
conducts these activities under the authority of
arrd in compliance with the requirements of
43 CFR 11.

Because the role and responsibilities of the
Natural Resource Trustees vested in CERCLA,
DOE expanded the section of primary interest to
the Natural Resource Trustees (Section 4.8,
Irreversible or Irretrievable Commitment of
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Resources), DOE believes that additional
discussion within the text of the EIS is not
warranted.

Response to Comment L1o-18

DOE does not intend to imply that FFA
schedules are inflexible and incapable of
acceleration, and has revised the in~oduction to
clarify its intent to explore reasonable means to
streamline the remedial decision process with
respect to L-Lake. DOE remains committed to
pursue acceleration of FFA activities under its
10-Year Plan. (See response to Comments LIO-
01 and -04.)

Response to Comment L1O-19

DOE agrees that infornration presented in the
EIS will assist in streamlining the RI/FS process
for L-Lake consistent with EPA’s Streamlined
Approach for Environmental Restoration
(SAFER) methodology. (See responses to
Comments LIO-01 and -04.)

Response to Comment L1O-2O

DOE agrees that information presented in tbe
EIS will assist in sceamlining tie RI/FS process
for L-Lake consistent with SAFER methodology
and that the SAFER methodology will be useful
in determining additional data needs, if any.
(See responses to Comments L10-01 and -04.)

Response to Comment L1O-2I

See response to comment L1O-O2.

Response to Comment L1O-22

As noted in response to Comment L1O-O1,DOE
would implement measures to limit potential

risk from contaminated lake sediments that are
exposed if its operational decision results in lake
drawdown, These actions may include
implementing institutional and/or administrative
access controls, monitoring exposures to
workers and visitors, implementing measures to
control erosion of exposed lake sediments by
wind and water, and surveying and monitoring
of exposed sediment to further characterize the
area and to ensure risk levels are at or below
predicted levels. In accordance with its NEPA
implementing regulations at 10 CFR 1021,331,
DOE would detail these commitments in its
Record of Decision and, if necessary, would
explain how these measures would be planned
and implemented in a Mitigation Action Plan.
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Response to Comment L1l-01

The description of SRS natural communities in
the DEIS has been exparrded in the FEIS to
include a discussion of upland pine
communities that are managed for timber
production and the enhancement of wildlife
habitat.

Response to Comment LI1-02

The FEIS makes clear that portions of what is
now L-Lake fomerly supported mixed upland
forests of loblolly pine, Iongleaf pine, and
several hardwood species. Asthe lake level
recedes, these native pine assdhardwood species
worddbe allowed torec.olonize upland areas, It
may also be necessary to harrd-pkmt some of
these species to accelerate the process of
revegetation.

Response toComment L1l-03

The FEIS notes (in Section 4.1.5. 1.2) that
40,000 bluegill and 4,000 Iargemoutb bass were
stocked in L-Lake in 1985 asrd 1986 to speed the
development of a Balanced Biological
Community. The FEIS also describes (in
Section 4.1.5. 1.3) the planting of wetland
vegetation in L-Lake, also part of the effort to
establish a Balmced Biological Commmrity.

Response to Comment L1l-04

The soil scientists who prepared these figures
used readily-available aerial photographs and
soils suweys, rather than relying on other SRS
organizations for the production of GIS layers.

Response to Comment L1l-05

The entire discussion in this section is on plant
nutrients; the plant nutrients in question are the
aquatic macrophfies and phytopkmkton of the
reservoir. This is implied by the discussions of
primary productiviw [which Odum defines as
“energy stored by Ihotosynthetic md
chemosyrrthetic activity of producer organisms
(chiefly green plants)”] and eutrophication (a

trophic condition in which a body of water is
rich in nutrients and high in plant productivity).
This section of the FEIS has been renamed
‘Nutrient Loading” for the s&e of clarity and to
prevent any possible confusion.

Response to Comment L1l-06

A number of studies have been conducted to
determine mercury levels in the fish of Par Pond
and L-Lake. Most of these studies, particularly
in recent years, have determined that mercury
levels are higher in Par Pond fish than L-Lake
fish, A 1996 SREL study of potential wood
stork prey (small sunfish arrd bass) also showed
that levels of mercury were higher in Par Pond
fish tharr L-Lake fish.

Response to Comment L1l-07

The aquatic plant communities of L-Lake were
described in considerable detail in the DEIS. A
brief section describing the terrestrial plant
communities surrounding L-Lake has been
added to the FEIS.

Response to Comment L1l-08

The FEIS contains an exparrded and updated
discussion of waterfowl usage of L-Lake and
Par Pond.

Response to Comment L1l-09

The FinaI EIS contains a thorough discussion of
the development of the zooplankton community
in L-Lake over the 1986-1992 period. The
journal article mentioned by the comments
(Taylor et al. 1993) focuses on the effects of
heated reactor effluent over a short period
(1986-1 989).

Response to Comment L11-10

Collins and We in ( 1995) is now tie basis for
some of the discussion in Section 4.1.5.2.2, as it
suggests species that will recolonize the lakebed
as the reservoir recedes.
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Response to Comment L1l-11

The FEIS presents sources for this assertion.

Response to Comment L1l-12

This statement in the DEIS is simplistic and
somewhat misleading. The FEIS is less
simplistic, explaining that L-Lake provides
many amphibians, reptiles, and semi-aquatic
mammals with critical habitat needs (e.g.,
breeding and nesting habitat) as well as food
and water.

Response to Comment L1l-13

The FEIS discusses the two “end points”
(reservoir ecosystem and stream ecosystem), but
does not attempt to quantifi the amount of fish
and wildlife habitat that would be present in the
interim stages. This is intentional, because it
would be difficult to predict the rate of reservoir
withdrawal with sufficient accuracy - the rate of
change would be lnrgely dependent on seasonal
and annual cycles of rainfall. Clearly, these
cycles would be impossible to predict.

Response to Comment L1l-14

The “Wetlands Ecology” section of the DEIS
has been reorganized and heavily revised, based
on this and other comments. As noted
previously, Collins and Wein (1995) is now the

basis for some of the discussion in
Section 4.1.5.2.2 of the FEIS, as it suggests
plant species that would recolonize the lakebed
as the reservoir recedes.

Response to Comment L1l-15

See the response to Comment 11-14.

Response to Comment L1l-16

The FEIS describes the results of a number of
fish studies in the Steel Creek drainage
conducted over a number of years. Subtle

E-70

differences in interpretation of the same fish
population studies would not affect in a
meaningful way the predictions of impacts
associated with the Proposed Action.

Response to Comment LI1-17

The DEIS makes clear that Steel Creek is a
highly disturbed system, noting that it began
receiving thermal effluent from P- and
R-Reactors in 1954. Clearly, a return to
conditions that existed prior to the creation of
the Savannah River Plant (or even prior to
agricultural development in the watershed)
would be preferable to some semi-disturbed or
altered state. The FEIS is even more explicit,
explaining that pre-1984 conditions are not the
desired endpoint, but rather a condition in which
historical stream flows are restored and the

kinds of plant and animal communities that
existed under historical (pre-SRS) stream flows
and conditions (before cooling water and
contaminants were introduced) are restored,

Response to Comment L1l-18

The DEIS has been revised and the offending
sentence removed. The FEIS makes clear that
species such as alder, willow, and cottonwood
will likely colonize wetter areas and species
such as sweetgum, red maple, and Ioblolly pine
will likely colonize drier areas.

Response to Comment L1l-19

Section 4.3.5.1.3 of the FEIS has been revised
accordingly.

Response to Comment L1l-20

The FEIS attempts to place the reservoir and its
plant nod animal communities in more of a
regional context, as the commentor
recommends. For example, its regional
importance as a wintering area for waterfowl
(diving ducks in particular) is stressed.
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Mr. An&w R Ginger
Engineering & Attalysis Division
SR NEPA Cnmptice tic.u

;a&=&:g:mce

Aiken, SC 29S’04-5031

Janw 3, 1PP7
807 E. RollinNd Rd
Aiken, SC 29801

FAX 725-7688

Am,: RWEfS

Re: Commen& on November 1996 DEIS, “Shutdown of the River Water
System at the Savannah River Site.”

mti youfor theoppamnity m_nt m theDA ~, “ShutdownOfthe RiVCIWater
Systemat the Savannti Rivu Si~” Mycommentsm latertbm theestab~mhedcomment
mod but1hope you will fmd than wful md be aMem rcspnmf to thun in YOU
p%pmtion of tie *at EIS.

1wotdd like tn provide four genaid comments and my _endation m how I w tie
ES d~isio?. Theya in he sxtion m &neral Co-ns. in addition1am providing
wunt SPFC comnts.

.

.

.

~e prep-action d@W in& Wbtic mting on fkcem~ 4 and intieM
EIS -to b ixtconsism~ In the public meeting, the pmposcd action was snzed m
& shutdom the wati system 8nd titi it so it mdd & rcs~cd in a relatively
short $-. In tie draft BIS, h description of rbc wd action is m~h less
dcfinimvc. The EfS shotdd & mom switic on the mnsidcrntio” on m pmpd
wnon. As I unda~d the draft SIS. 1support the shutdown pottion but not tie
tititing so~ PW for the capabiliw m mp m Par Pond al L--- orw

rsupponsomeuns~lfi~ futuremission. ascduwn ticinformationgiven inthe
D~, tie* of noxiing water for par Pond or L-UC is quite low and Wc.pra,ble.
@uipmcnt ~timt -st and dmc to rcstari tie system is minimal d would k
available ti.m wtim H tni~ion cows to SRS i? the fu~ and Tuti~ the

Wat=. ‘fhe 1~ ~nUd savings bm shutdown justify this risk,

~ qu=rion OfriV~ wti righ= Cm up at b public meeting but no answers wac
avtible a! rbe meenns ~ EISshotdd inoIu& inforrnadon on problems (political,
@tdng, etc.) tiat may & encounteti in mtfxdng rivu water withdrawal if it is
S- aS Pm Of~IS E1g’sd=l~On. &e tb= my wawr rights issues?

Jncrmti ~undmter me should k mom clearly dcfiti intieHS if it is required
to rcpIwe rivm water. ~e 51S contis statcmnts about i-scd ground water
usage in various places in tbe EIS and &dws the conclusion tit tie 200 @rein
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gmundwater in K md L-A* will not result h ti quifer condition changing (p. 4.
31). Dis~A duougbnut tie report, connmnua made abut incrti gound
wam usage. No where Cotid I find this subject mtem m a reasonable mnclwion
could k ~chcd on the impact of the inm~ ground water usage caud by
dcc~a~ river w- usage. ~wPles of som of hew groundwam uwgc ~
compre~r cooling watu Equucmnts (p. 1-8).fm protection quhments for L &
K-Areas (p. 1-4), smim waste water-cnt usage, etc.

. Some of the ms and schdtdes identifudin theDF!IS= inconsiswncwih sw
acdonsin other ME %pQm. Forexampleonpage 1-8 the swment is de rhat
DOE irmnds !0 deactivate P-At’caby wly 19P7. The ~E draft 10-Year Plm
identifies R, P, md C-has umsition to hng Tcnn Monitoring in 2001, 2w2, md
2M3 mspvely. ~ tcnns and schedules used are differmL

. The lead-in smumnt on page S-1 cting out Table S-2 does not &rib the intentof
therable.

. Tables S-2 md 34 and o,therecolo ‘d sections usc unfamiliar W* such as
‘~ilimnion.” “hno-o”Ve!c.$atw”oti.cltidi”tieglos~,

. The paragraph on page 1-7on CSRCLA tiologica,l analyses cliff-m from those
in the DEIS n- to te expandd to say why thex two approaches m diffmt and
what is the rctationship bcIwcuI them. Why is tie issue iaiscd?

. Tables S-2 and 3-4 cnuies shod & reviewed to mmre wotding pmvti ~
undemmding of therr,ladveconqumces of he no action and tie shutdown
altmadvw,

. I presume tie “affffl” rcfe~ti under esthetics on Tabls S-2 md 3-4 is in%nded to
say “viewti by”.

llItis again for rhc opwnuity to review this bft EIS I hope ticsc cmntm~ will help
DOE make the appmfiate dcchion,

Sticetiy

&Q&
W. k Poe, Jr. ,

2
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Response to Comment L12-01

DOE did not intend to convey a different
understanding of the proposed action at the
public meeting. The proposed action must
provide flexibility in choosing Iayup options.
Under the proposed action DOE presents in
Section 3.3.2 a wide variety of layup options
that vary in the time to restart (from 1to 30
months), the layup scheme (e.g., maintain in a
dry pipe condition), and cost,

DOE has revised Section 3,3.1.1 to confirm its
commitment to remedy the unlikely drawdowrr
of Par Pond in the near term until final
CERCLA remedial actions are implemented.

DOE has also revised Section 3.3.1 to clarify its
intent in providing the three restart examples.
Basically, 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 rarrge of actions that maintenance in
standby would support (i.e., pump to L-Lake,
Par Pond, or a new facility).

The example that was presented for a new
mission was Accelerator Production of Tritium
(APT). Other potential missions fiat might
require enough cooling water to make the use of
the River Water System a viable option include
Tritium Extraction Facility, International
Thermonuclear Experimental Reactor, arrd
Mixed Oxide Fuel Manufacturing Plarrt.

Response to Comment L12-02

There are no current river water rights issues
(e.g., permitting) associated with restarting the
River Water System which would likely cause a
problem at restart. A permit is not required to
withdraw water from the river. [See response to
L15-2 for detail on regulatory issues which may
need to be addressed, including a possible
Section 3 16(b) study]. Likewise, there are no
“water rights” regulations governing SRS’S use
of Savamsah River water. It is not anticipated
that downstream users of Savannah River water
would be affected by the shutdowrr or

potentially a restart of the River Water System.
Any use of river water for other missions (e.g.
APT) would be addressed in an EIS addressing
that project.

Response to Comment L12-03

DOE revised Sections 1.4, 4.1.3,2 and 4.8 to
clarify potential increased groundwater usage.

Response to Comment L12-04

The quoted dates for long-term monitoring from
the DOE Drafi 10-Year PlarI are correct
(DOE 1996). However, the P-Area sanitary
wastewater pkmt was discorrrsected in
November 1996. Because it is a package unit, it
is being maintained for potential use at arrother
location.

DOE has revised Section 1.4 to identi@ this
shut down action in 1997 rather tiars
deactivation of P-Area by early 1997.

Response toComment L12-05

DOE has revised the lead-in statement to Tables
S-2 and 3-6 to describe the intent of the table.

Response to Comment L12-06

DOE has expanded the glossary to include
epilimnion and other unfamiliar words that had
not been previously included.

Response to Comment L12-07

As stated in the EIS, CERCLA radiological
asralyses report impacts in terms of cancer
morbidity (incidence) while impacts under
NEPA are reported as latent carrcer fatalities.
Cancer morbidity is calculated by applying the
EPA ingestion, inhalation, or external exposure
slope factor to the lifetime committed effective
dose equivalent. The fatal cancer risk is
calculated by multiplying the lifetime
committed effective dose equivalent by an ICRP
fatal cancer lifetime risk, health-effects
conversion factor. The two risks are not directly



I

DOEiEIS.0268

related; however, the fatal cancer risk can be Response to Comment L12-08
approximated by multiplying the cancer
morbidity risk by the ratio of the fatal cancer DOE reviewed Tables S-2 and 3-6 and

lifetime risk health-effects conversion factor to determined that the wording, as supported by

the total cancer lifetime risk health-effects the introductory bullets, provides an

conversion factor. understanding of the relative consequences of

the no action and the shutdown alternatives.
The differences between the two types of
radiological analyses are discussed so that the Response to Comment L12-09
reader understands that the risks reported in the
Occupational and Public Health sections of this The aesthetics sections of Tables S-2 and 3-6

EIS are different than those risks reported in have been revised to state that the action “could

Appendix A or other documents related to on- be viewed by 1,800 SRS workers who pass by

going CERCLA activities for L-Lake. daily.”
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DOE/EIS-0268

January 3, 1997

Department of Energy
Savannah River Operations Office
Attn: Mr. -drew R. Grainqer, SR NEPACompliance off Leer
P,O. BOX A
Aikec, SC 29802

Shutdovn of the River Water System at the Sava==ah River Site; Dra fc EIS
Environmental Review

Dear Mr. Grainger:

We have reviewed the above referenced EIS received Novetier 13,
1996. The South Carolina Department of Health and Environwntal control
Bureau of Watez Pollution Control administers applicable regulat ions
pertainir.g to water quality standards and claasification~, inclucing
wetland protection, in accordance with the South Carolina Pollution
Cent rol Act, the South Carolina Con.titution, the Federal Clean water
Act, and associated Kegulatione for these BtatuteB. Weare providing the
fc.llc.wingconnnentaaddressi~g impact. the proposed action will have to
water quality, aquatic ecology and wetlanda ecology in L-Lake, Par Pond,
Steel creek, Lower T!uee Rune Creek and other stream systems on che
Savannah River Site.

surf.oe water

Wazer qnalicy in Par POEO would revert to that typically found in
reservoirs due to reduction of nutrients from the Savannah River, h~wever
DOE co<ld resume gumping co Par Pond if conditions warranted. me
Department is of the opinion that existinq water aualitv would be
ma~ntained or improved.

L-Lake would gradually recede and revert to stream conditions with
potential for lake bed erosion and turbidity increaaea, The
implementation of bet management practices may be appropriate if r.avdral
vegetation iB not quickly established and ero,ion become% a pr~blem.
These Dractices wv include uae of mulches. hay bales. eilt fences. or
other tievicescaptile of preventing erosion and”migration of wedimiits.
In addicion, exposed lake bed subject t. er..ion should h stabilized
wicb.vegetative cover which my include .priggir.g,trees, shrubs, vines
or ground cover. During lake drawdown, a reduction in qutriente will
retace productivityy, with the result that the reservoir may shift to a
less eutrophic or even mesotrophic condition =ntil drained. A reduction
in dissolved ,oxygen, temperature and .?c~eased acidity in the epilimic.n
and hypolim>on of the lake .8 also antxcxpated, however these conditions
will be temporary (laetlng ,Jntil the lake is dra=ned) and should not
contravene water quality szandards nor change existing risesof L-Lake.

Existing NPD!6Spermits for discharges into L and K areas must be
reviewed by tbe Department and will be subjecc to NPDES regulations. The
EIS r.porrs that an alternate compliance rnechod (eeptic tanks) will be

L13-01

L13-02

L13-03

L13.o4

PK64-30PC
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Page 2
Mr. Andrew R. Grainger
January 3. 1997

rewired for ,the exiat,ing L-ties Sanita.rY Wastewacer Treatment Plant.
Septic tank LnBtallat~o. must be pexmltced by the Department Lowex
Savannah Health District.

Steel creek may be impacced by siltation below the L-Lake dam as
potentially concaminaced sediments are scoured fron the lake bed and
tranopo.ced do~a~ream after the lake is drained. It is anticipa.tedthat
transported mater.al WX1l be detained in a small impomaded area until
filled w~th sediment, after whicti point Che material could move
downstream Into Steel Creek during storm event, . Although contaminants
(e.g. cesium-137) are also Present in steel Creek sediments downstream
of the L-Lake dam, tbe Department is concerned about tbe transport of
addiciOM.1 contaminated sediments in the lake. Sediment mterial
collected in the impounded area adjscent co the L-Lake dam should be
periodical ly tested, removed a“d disposed of in accordance with the
mnartment Bureau of Solid and Hazardous Waste re.auirements to avoid
dokstream migration.

Aquatic Bcolcgy

The proposed draining of ,L-Lake wou,ld not rewire any state or
Federal pennies; however, SRS .s responsible for insuring that water
qual.ty standards are not violated by this change. Certain precautions
such as draining during coolex weather and releasing water from the
surface of the lake will minimize adverse effecta downstream. The
prOpOBed drainin9 Of L-Lake will rePlace a 1000-acre rese~olr ecosystem
with a wmall etream ecoeyat em. The SRS has put considerable effort into
demonstrating a balanced biological C?munity i. the lake by constructing
artif,clal fish.?abl:acs, plantang lzttoral vegetation and implementing
an intensxve monitoring program. Thus, an aqw.tic life use of the lake
has Been established. Although this rese=oir Cormnunity habitat is
significant, it does not represent the natural stream camvnity and
,Watic 1Ife uses Of steel cr@ek Prior tO constm.tion of the Lake.
Therefore, the Department eupports stream restoration,

Wet1andB

The draining of L-Lake “ill result in the eventual lose of

aPe,OximatelY 122 a.,.= Of littOr*l,cO~=iCY cOn=i B:in9 Of s~er9ed,
emergent, and floating-leaved aqu%t.c plant species. However, the slow
rate at which the lake is expected to recede should allo” this community
to migrate in shoreline areas 8nd revert, through succession, to a stream
wetland com.nity. Re-establimhnent of the stream reach should xesult
in the eventual regeneration of much of the approximately 225 acres of
botcomland hardwood foreeced wetlands that were 10Bt when L-Lake was
constructed. The Department eupport. Che reestahliehment of tbe natural
(pre-impoundment) wetland ayatem ameociated with Steel Creek. Stream
wetland restoration may require regrading to pre-impoundment Cent.aursand
planting appropriate species in adequate densities co assure
reestabli~haent of a stream associated wetland comunicy,

The EIS reporte that the proposed action should not .esulz in other
impacts to streams or lakes on the SRS In addition, the Deparzmenr ie
of the opinion that the proposed action will not change rhe existing

PK64-20P
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DOEiEIS-0268

Page 3
Mr. Andrew R. Grainger

January 3, 1997

status of navigation in waters on the Site. We appreciate the
opportuni~y to comenc on this E1s. Please call Mark Giffin at (803)
734-5302 lf you have any ~estiona.

Sincerely,

~ C&&
sally c. Knowles, Director
Dlvlsion of water Quality

sCK :MAG

-.. .,..-
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1
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Response to Comment L13-01

DOE agrees that changes in Par pOnd water
quali~ would be expected following a
prolonged reduction of nutrient input> including
that pumped from the Savannah River, and has
documented this conclusion in the CERCLA
Interim Action Proposed Plan and the
environmental assessment that was prepared in
response to public comments on the Interim
Action Proposed Plan (DOE 1995).

If the No-Action Alternative or the Proposed
Action is selected, DOE could resume pumping
ifconditions warranted. DOE could continue
pumping if it selects the No-Action Alternative
or resume pumping if it selects the Proposed
Action. Your comment that SCDHEC is of the

Opinion that existing water quality wOuld be
maintained or improved is noted.

Response to Comment L13-02

DOE intends to implement best management
practices. The FEIS discusses a number of
possible mitigative actions (Section 4.1.5.2.2
including: (1) lowering reservoir levels slowly
to minimize erosion and encourage the
establishment of wetland plants around lake
margins, (2) planting grasses on exposed slopes
to stabilize bare areas and prevent erosion,
(3) planting loblolly and longleafpine in upland
areas once they have stabilized, and (4) planting
hardwood in areas where survival is likely.

Response to Comment L13-03

DOE agrees with the SCDHEC comment. To
aid restoration, DOE would allow L-Lake to
drain slowly and naturally over what is expected
to be about a 10-year period.

Response to Comment L13-04

DOE agrees that existing National Pollutant
Discharge Elimination System permits for
discharges into L-Area must be revit wed by
SCDHEC for compliance with National

E-78

Pollutant Discharge Elimination System
regulations.

DOE would obtain any permits required for
implementation of the selected alternative
(e.g., permit for septic tank installation) to treat
the L-Area sanitary wastewater. Section 5.7.2.2
was modified to clarify this point.

Response to Comment L13-05

DOE will take appropriate measures to mitigate
the passage of any impounded sediment
downstream of the darn. Any sediment removed
from the area will be managed in accordance
with applicable regulations.

Response to Comment L13-06

Under CERCLA, DOE will investigate restoring
the stream ecosystem and associated floodplain
forest that existed prior to the creation of L-
Lake. Although a final restoration plan has not
been prepared, DOE is currently drafting a plan
for restoration of the upper portion of Steel
Creek and its floodplain forest in consultation
with ecologists and foresters at the Savannah
River Forest Station and WSRC-SRTC.

If DOE selects the Proposed Action, the Record
of Decision for the EIS will contain a
commitment to prepare a Mitigation Action
Plan as well as a more detailed implementation
plan that provides a practical, step-by-step guide
to monitoring, mitigation, and restoration of
plant communities of the riparian corridor and
floodplain during the drawdowrr of L-Lake.

Response to Comment L13-07

See response to Comment L13-06.
Additionally, it maybe necessary to do some
minor re-contouring of the basin (i.e.,
ehmoving) to ensure that stream flows are
unimpeded by silt and sand that may have
accumulated in certain areas and to encourage
the stream to follow its historic, meandering
channel (to the extent practicable). DOE will, in
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Q consultation with the ecologists and foresters of involves planting and/or transplanting trees and

the Savannah River Forest Station and shrubs that are likely to survive and propagate

1.

WSRC-SRTC, develop a reforestation plan that in the Steel Creek floodplain.

I
E-79



DOS.fEIS-0268

. ..”” ~q r.

January7, 1~

Mr. Andrew R Grafnger
SR NEPA Compliance Offic-
%v-ah River ~atiom Office
Pwt Office Box WI
Aikm, south Camlim 29s04-s031

Project Name: Dmft Environmental fmpact Statment Shutdon of the River Water
System at the Savannah River Site 00E/EfS-OMD (tiken, %.th Carolina)

Project Numkn E15%l120-OZO

Dear Mr. Grainger,

The Grant %rvice Unit, Office of the Governor, has conducted an intergovernmental
review on the above referend activity as provided by W=idential F.xecutive Order
12372, AU comments ~ived as a remft of the review are endmed for your use.

The State ApplicationIdentifier number indicatedabove should k used in any future
correspondence with this offim If you have any questions call me at 0303) ~5,

Sincerely,

q~R P. G le
Gr -ces Supervisor

Enclosures

.x-..,., ..-.-,

Comment L14. Page 1of 10,
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DO~S-0268

uff]ce of the Govemol ● Grant Services
South Carolina Project Notification and %view

‘~rz~i:,=
Jearmie R. Kelly
S.c. coastal council D=oc~y

The Grant SeAces Unit, Office of the Governor is authorized to operate the South
Carolina Proj% Nofication and Review System (SCPNR8). Through the system
the appropriate atate and local officials are given the opportunity to review,
cornraent, and be involved in efforts b obtain end use federd aasi~~nce, and ~

aaae~ the relationship of proposals to their plans and programs.

Please review the at~ched information, mindful of the impact it may have On your
agency’s goals and objetives. Docmnent the restita of your review in the apace
provided. Return your respom h us by the suspense date indicated above. Your
comments will be reviewed and utilized in making tie official state recommendation
concerning the project. The reconunendation wiU be forwarded b the cognizant
federal agency.

“DShodd you have no comment, please return the form sign d and date {

LIf you have any queationa, call meat (803) 734.0495. ‘. ‘“ y %$2’ ~. - ,.

❑ Project.c
,,,:. . . .-

onsiatent with our gosh and objee ‘-”’ ,

❑ ReFe.kacotiemncetodtiscommenti. ~

❑ ~~~&~~~~~~~fi@prOjec~ tithtimCFDA#ti

❑ . omments on proposed Application is as follow

I 7

Comment L14. Page 2 of 10
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Beth McClure
S.C. Department of

Office of the Governor *Grmt Services
South Carolina Project Nottilcation and Review

I Suspense Dats
12/20/96

‘Parke, Recreation and Tourism

The Grant Services Unit, tice of the @vernor is authorized to operate the South
Caroline Project Notification end ~view System (SCP~). Through the system
the appropriate state and local offiaala are -Sven the opportunity to review,
comment, and be involved in efforts b obt.am and use federal assistance, and ti
aeae~ the relationship of proposafa to their pIane and programs.

Please review the attached information, mintil of the impact it may have on your
agenc~s goals and objectives. Document the results of your review in the space
provided. Return your response to us by tbe suspense date indicated above. Your
comments will be reviewed and u~zed in making the official state recommendation
concerning the pmjed. The recommendation will be fo
federal agency. w L~d~~:r
Should you have no comment, please return the form signed”tia~.

If you have any questions, call me at (803) 734-0495. Gwyw~$q

❑ Projectia

.

coneistint with our goals end objectives.

❑ Requeetac nfo erence to discuss comments.

EC ‘--”ommenta on proposed Application is as follows
~wq

,.-.-,

Comment L14. Psgc 3 of 10.
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DO~IS-0268

~ Office of the Governor” Grant Services
A South Caroljna Project Notification and Review

1206 Pe&On -: I
Room SW

I

Stats Ap
Wdti se W201 EIS-961120

L/>~~2-

Bruce E. ~ppQ@.U
south Carolin

------
la Archaeologist

a
The Grant Ssrvicea UniL Ofiice of the Governor fi authorized to operate the South
Caroline Project Notifimtion end Review System (SCPNRS). Through the system
the appropriate titi and local 05-are given b opportunity ti review,
comment, d be involved in effofi to obtain and uee federal Smdstsnce, and to
-em the relationship of prupoaala to their plane and programs.

Plesae review the attached information, mindful of the impact it may have on yom
agenc~s goalc and objectivsa. Document the reeulta of your review in the space
provided. Return your response bus by the auapenae date indicated above. Your
commanta will be reviewed end utilized in making the official state recommendation
concerning the project. The recommendation will be forwarded b the cogniz=t
federal agency.

Should you have no comment, please return the form signed and dated

If you have any questiona, call meat (803) 734-0495. bdney Grizzle

“Wti. ., .,’,.
..W.-r.

Comment L14. Page 4 of 10
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Office of the Governor* Grant Services
South Cmlina Project Notification and Review

=

5dku w-+ $ bm~

The Grant servicm unit, ~ce of the Governor is autboi-ized b operate the South
Camlins Project Notification and Review System (SCPW). Through the system
the appropriate etats and local officiaIa are given the opportunity to review,
comment, and be involved in efforts h obtain and use federal assistance, md to
assess tie relationship of proposals to their plane and pcogmms.

Please review the a~ched information, mindful of the impact it may have on your
agen&s goals and objectives. Document the resd@ of your review in the apace
provided, Return your response h ne by the suepenaa date indicated above. Your
comments will be reviewed and utilized in making the official stite recommendation
concerning the project. The recommendation will be forwarded to the cognizant
federal agency.

*=QShould you have no comment, please return the form si

If you have any questions, d meat (S03) 734-0495. Nw G*.

a G~T-S~VicEsProjest is wnaistent with ow goals and objectives.

❑ Requeata nfco arence te discuss comments.

❑ ~~%ficeforretiew
discontinue sending projects with h CFDA# to

❑ Comments on pro~sed Application is as foUows

TitJe Phone
I

Comment L14. Page 5 of 10.
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Stave Davis
S.C. Department of

Office of the Governor* Grant Services
%uth Carolina Project Notification ~d Review

“:’: m

‘Health and Environmental Control

The Grant Services Unit, Office of the Governor is authorized h operate the South
Carcdim Project Notification and Review System (SCP~). Through the syetsm
the appropria~ state and local officials are given the opporttity b review,
comment, and be involved in efforts h obtain and use federal assistance, and b
aases the relationship of proposals to their plane and programs.

Please review the attached tionnation, min~ of the impact it may have on your
agenc~s goals and objectives. Document the resul~ of your raview in the space
pmtided. Return YOW reeponsa to us by the suspense date indicated above. YOU
comments ti be raviewad and utied in making the official state recommendation
concerning the project.. The raco-endation will be forwarded to the cognizant
federal agency.

ShouId you have no comment, please return the fom signed mr~.
-3

If you have any queationa, call meat (803) 734-0495. Saduey.%. . . .

❑ ~~~ficeforreview.
e dtintinue sending projects with this CFDA# to

Title Phom

-,,. . . .

Comment L14. Page 6 of 10
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A95 AGENCY REFERRAL LIST Referrals M#led:

EIS-961 120-020

Project Number
EIS-961 120-020

Project Name:
Draft Environment Impact StSteMSnt Shutdown of the River Water System at the
Savannah River Site DOE/EIS-02~D (Aiken, South Carolina)

ContactName
Mr.Andrew R. Grainger

Project Address
SR NEPA Compliance Officer
Savannah River Operations Office
Post Mice SoX 5031
Aiken, South Carolina 29804-s031

Project Phone
1.800-242-6269

Coastal Council
SC Dept of Natural Resources
Wtldlife& Marine Resources
Land Resources Commission
DHEC
SC Dept of Commerce
State Development Board
Pa*, Recreation & Tourism
State Potis Authority
Adjutant General EPD
State Archaeologist
Human Affairs Commission
Lower Savannah COG (Dist. 5)
BCD COG (Dst. 9)

,... .”

Comment L14. Page 7 of 10.
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-b 20,1996

OuaI@a BUISCS
OImt ~
ORia of the *.x
Ecm~:~mB?~g, Room 329

Cnllunm Sc 29201

I<ames A. Tmn>.lm.in. I,.. PI,.D
[>;!,.<:!,,

=: F2S - 9611=0 - Shutdown of tie RiverWam Sysem
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OffIce of the~o;emor*Grant Setices
South Carolina Project Nottication and Review

“’’’:” mF t
Dr. James A ‘rimme~, Jr.
South Carofina Wildlife and Marine Resoumes Department

The Grant Services Unit, OfSce of the Governor is authorized tn operate the South
Carolina Projeet Notification and Review System (SCPNRS). Thruugh the system
the appropriate stite and local oficiale are given the oppofinity to review,
comment, and be involved in efforts to obtain and nse federaL assistance, and to
aeseea the relationship of propoeels to their pbme snd programs.

Please review the attached information, mindfi of the impact it may have on yonr
agency’s goals and objectives. Docnment the resdb of YOWreview in the space
provided. Retnrn yo~ response ~ us by the suspense date indicated above. Your
comments will be renewed and uttizd in making the official state r-mrnendation
concerning the project. The recommendation will be forwarded to the cognizant
federal agency.

Should you have no comment, please return the form seed and dated.

If you have any queatione, cslI me at (803) 734-0495. 8ndneyGtie

❑ Projectie consistent witi our goals and objectives.

❑ Request
RE~~fi~D

a conference to discuaa comments.
i; EC 3 II ~996’

{)

—- Date: /a/20/%-

Comment L14. Page 9 of 10,
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-Lie, 5,f9s6

Ms.OmeQiaBuroe6s
~ce ofthe Govmlor, GmnfSewicm
1205PendlebnStreet Room329
tilutiu. SC 29201

R= EISSS1120-020
0Ei3-Shutdownd the Riverw at
The %annah RNerS*
Vatis Counties
A-95

~r Ms.BUQSS

7hesti of~ Eurmu of OcQan* CcasblRasau~ Wwemmt (OCRM)ties tit
w tie re~ pmjcctiscons~t withtlw CoastalZoneManagcnmntPrcgra., m.
ce~- shaflsOrfeasUi6~ approvalby* ERM.

T144
JHA/2517Wk

Sin

49.M II
-9er. Pbnn,ng
andF-1 -~ti nSecOon

m Mr.Chmopti L.Srmks
Mr.H,SWhen Snyder

PKE4.37P
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Response to Comment L14-01 importance to Native American tribes. Should
the potential for impacts become apparent or if

Because the alternatives, including the Proposed impacts, unexpected as they are, were to occur,

Action, would not require any construction, DOE would noti& the State of South Carolina
there would be little if any risk of damaging Office of the Governor or the State Historic
historic or archaeological resources or areas of Preservation Office.
cultural resources of areas Of cultural
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CITIZENS ADVISORY BOARD
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Response to Comment L15-01

DOE agrees with the recommendation by the
Citizens Advisory Board (CAB) to place the
River Water System in standbfi it is the DOE
prefemed aItemative. In response to the
recommendation by the CAB, DOE has
expanded Section 3.3.2, Layup Options, to
provide a standby condition that would be
responsive to the potential future mission of an
accelerator for the production of tritium (APT)
at SRS. The wide variety of laynp options
presented for the decisionmaker depend on the
time required to restart the River Water System
(from 1 month to 30 months) and the Iayup
scheme (keep portions of the piping system
pressurized by operating the small pump or a
still smaller jockey pump, or maintain those
portions in a dry pipe condition). The minimum
cost starrdby condition is the dry pipe scheme,
which would require 30 months to restart the
system. This option would cost about $650,000
per year of starrdby; the additional cost to
include surveillance md maintenance of the
portion of pipe that the APT would use is
approximately $10,000 per year (dry pipe layup)
or $35,000 per year (wet pipe laWp). The
decisiomrraker will review the “minimum cost
with system available for possible future
missions” option in light of the recommendation
by the CAB and the kuowledge that repair and
restart costs would be borne by the new mission.

Response to Comment L15-02

DOE has investigated the legal requirements
and Savannah River water ~ithdrawal
restrictions that might be associated with
reactivating the River Water System. In
consultation with SCDHEC, DOE determined
that these Savannah River water withdrawals are
not subject to allocations or pemrit constraints.
DOE will continue to report on a quarterly basis
to SCDHEC the surface water usage, including
any chages in Savannah R]ver water
withdraw als associated with the alternatives
considerc d in this EIS. These repnrts, which are
voluntary, were submitted to the South Carolina

Water Resources Commission prior to
consolidation of that agency with SCDHEC.

Possibility exists that firther environmental
review (e.g., a Section 316(b) entrainment and
impingement study) may be required in
conjunction with a fiture decision to restart the
River Water System. Historically, the River
Water System has withdrawn as much as
586,000 gallons per minute (37 cubic meters per
second) from the Savannah River. As indicated
in Section 3.3.2, the projected pumping rates
associated with maintaining the system for
potential restart of this system are significantly
less; therefore, DOE believes that the cost and
time of a Section 316(b) study, if any, would be
minimal. DOE does not anticipate that such
review, if necessary, would result in the
imposition of constraints on SRS river water
usage.

DOE acknowledges, however, that it would
interact and negotiate with EPA and SCDHEC
concerning the use of existing river water
intakes. If new intakes or other mitigation
requirements were needed, the cost would be
substantial and proportional to the mrmber of
pumps to be restied.

Response to Comment L15-03

DOE intends to coordinate NEPA and CERCLA
activities regarding L-Lake as appropriate to
minimize costs and ensure protection of human
health and the environment. This coordination,
including the extent to which remedial activities
for L- Lake should be expedited, will be
discussed with EPA and SCDHEC in the
context of ongoing discussions being conducted
under the FFA, which provides the agreed-upon
framework for remediation planning, including
consideration of such important factors as risk
to human health arrdthe environment,
budgeting, and scheduling. (See responses to
EPA comments, letter L1O.)
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Response to Comment L15-04

The remedial action process for L-Lake might
be included within the Steel Creek Integrator
Operable Unit. The FFA process includes
detailed RCRA Facility Investigation/Remedial
Investigation and a baseline risk assessment,
which as a matter of procedure, considers

potential risks to ecological receptors as well as

human ones.

DOE prepared a revised and expanded
ecological risk assessment in Appendix B. This

analysis focuses on the proposed action in this
EIS rather than remediation alternatives but
might assist the preparation of the ecological
effects portion of the baseline risk assessment in
the FFA process.

Response to Comment L15-05’”

As stated in Section 1.4, this EIS analyzes
realistic exposure conditions for the current
facility worker, the collocated worker, the
hypothetical maximally exposed offsite
individual, the offsite population, and
reasonably foreseeable future conditions, which
are consistent with the SRS Future Use Report
and include a future facility worker and public
access for recreation, but do not include a future
resident. Section 4.1.8 describes these risks for
L-Lake.

Although the decision process for L-Lake
remedial actions under the FFA is not in the
scope of this EIS, DOE believes the fiture land

use recommended by the Citizens Advisory
Board and other stakeholders is a primary
consideration in all cleanup decisions under the
FFA. This is consistent with CERCLA, the FFA
Implementation Plan, and DOE responses to
earlier CAB recommendations on land use.
Baseline Risk Assessment protocols include
estimates of risk at a site, as is, to b~othetical
receptors including a future resident, but risk
management (cleanup) decisions must be
consistent with the reasonably expected future
use – in this case, the use recommended by the
CAB and the SRS Future Use Project Report.

Response to Comment L15-06

The response to comment L 16-05 provides

details of the relationship of the Natural

Resources Trustees and this EIS. Section 4.8
has been expanded to provide a more explicit
comparison of irreversible or irretrievable
commitments of resources under the alternatives
in this EIS.

NEPA requires separate consultation with the
U.S. Fish and Wildlife Service relative to
threatened and endangered species under
Section 7 of the Endangered Species Act.
Formal consultation is in progress, and if DOE
decides to shut down the River Water System,
the Section 7 process would be accomplished
prior to shutdown of the system. The Section 7
consultation process is described in greater
detail in Section 5.10 and in responses to the
Department of Interior comments (L-16).
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United States Department of the Interior

OFFICEOF THF:SECRETARY
b .s’ Wash,,~,(>”.D.C.20?4,,

In &ply Refer To: TJAN31 w
ER 961742

Mr. Andrew R.Grainger
SR WPA Compliance 0f6cer
U. S. ~p~ment of Energy
SavanmhRiverOpentiom Ofice
Post O~LCe BOX5031
.Aikem South Carolina 29804-5031

ffe: DraflEnvironmentalImpactSlalemenl,ShIIZti of the Riwr Water System al the
Sa.omti River Site, Aiken, South CaroIina (~mrS-02d8D)

Dear Mr Graingc

TheU, S.Deptimmt of the Intior~mment) bsA+tbakve-rtierend dowment
mdprotides tie followingumunentsforyourcom"daation. Weareatremely mmmed about
the Proposed Action, its environmental conauemcs, and the inadquacy of the ~
Entironmentat Impact Statement (33ElS) asnowtitten. The Proposti Action mayhaveverj
significanteffats on the Department’s trust resau- under the tigment juridlctic,n of the
@artment,s Fish and Wildlife Sefice (FWS), including endangered and thratmed species.

~ TkWver Water SysCem(RWS) atthe DePmentofEnergy's (DOEs)Savmmh
River Site (SfLS)includes three pumphouses, two on the Savannah Siver and one on Pm Pond.
When the reactors were operating. the two pumps on the Snvannah River delivered 179,000
Sallons per minute (gum) to each reactor W- plus makeup waer for a toti of about 380,W0
gpm(23.9cubic mecerspersewnd). Water bodies receiving etTtumtsfrom there.actors included
L-Lake and Steel Creek, Par Pond and Lnwer Three Runs, Founnik Branch, and Pm Bra”c,h.
Due toshutdom of theramors, DOE placedoneof tie Savam8hRiver pumphousui“ lay up 5
lP93and dcacdnted mdabmdoncd the Par Pondpumphouw inl995, Atthattimc, DOE
decided to discharge a minimumflow of 10 cubic fet per secand (cfs) to LQwerThre Runs and
to allow Ihe water level in ParPond to fluctuate mturatly betw=n its normaloperatingIcvelof
200 feetabove mcan*level (msl)and 195 fectabovemsl. Inaddiion. DOEdetided to reduce
the flow to L-Lake as long as the lake wm titained at its normal operating level of 190 f~t
abovemslandflowin SteelCr4klow LLakedid not fallbdowl Ocfs. Thewmdotk minor
system requiramts aremmently satisticAbyopemtingone of the IOavailablepumpsintbe
remainingSavanmhfdver pumphousewhich pumpsapproximately28,000gpm.

-,.. . . . .
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According to the DEIS, mflent operalion Ofone pump provides approximately 23,000 @m more
water thn is needed. DOE hasIhusdecided to replace this pump with a 5,000 gpm pump which
will keep L-fake at it normal operating level md provide a minimum of 10 cfs to Steel Creek,
Currmt discharges to Fo.fmile Branch tia Castor Creek (approximatdy 0.5 cfs) and to the
headwaitersof Steel Creek (6.5 cfs) would be eliminated md flow to Pen Branch would be
reduced from around 12.7 cfs to no more than 068 cfs. DOE h~ det-ined that the action of
installing the sdl pump iscateaoridy excluded hm requirins eithe$ an Environmental
Assessment or an EIS under tie National Entiromnenti PolicyAct(NEPA). It is the operation
off he smatl pump, to be opmtional by Spring 1997, md not the curr.mtly used pump, which
DOE uses w the basis of its No Acdon rdternativein tis DEIS.

Entironmentd contamination at SRS and ongoing investigations and wtions complicate DOE’S
proposal shutdownof the SRS RWS. L-fake is currently undergoing a site evaluation in
accordance with the Fderal FacilityAgremIent(FFA)amongDOE, theU. S. Environmental
Protection Agmcy (F.PA), and the South Carolin8 Deptiment of Health and Environmental
Conlrol (SCDWC). This agreement integrates DOE’s responsibilities under the Comprehensive
Environmenlat Respn=, Compensation, and Liability Ad (CERCLA, Supefind.Act) and the
Resource Conservation and R=overy Act @CRA) for investigation of the nature and ment of
contamination at SRSandfor identificationmd implementationof necessa~remedial,or cleanup,
actions. If the L-Lake site evaluation recommends further investigation, L-Lake will be placed o“
the CERCL~CW Units List and will be subject to the remdlal action process defined by
CERCLAIRCRA. As stated in this DEIS, that pro-ss would k “long and involved” under the
current FFA.

Par Pond has alrady been placed on the Supefind list. Mile it has the fourth highest h-d
score at SRS,the FFAdls forDDEto begininvestigationsin 2004 and to begin remedial
actions, if required, in 2008, Fourmile Branch, Pen Branch and Lower Three Runs =e atso on
the CERCL~CRA list and are to r~ive &tire evaluation md potential rermdial actions.

~ ~Es Proposal Ationmd Prefemed Mtemative istosbut dowthe RWSmd
toplace dlorportiom of thesytieminstmdby. Thecessation ofriver water input to LL?.ke
would result in the gradti disap-ce of the 1000-acre bk, mposureofconttimted
sediments,andpotentia[ dowstrem transpon ofcontaminated &iments (Steel Creek and the
Savannah R,ver). DOEksapptiently aiready cMwdpumping river water to PwPondmdis
allowing ''natural fluctuationv' Ofwater leveisOv- itscOnttitti sediments. ,Mtintenance
flows to Lower~~ Runs below Par Pond would me under the ProposedAction.

1. EmectsonFshd W1ltife Wwwws TheDEISadquately ide.ntifiesthe bbitat losses
that would o~ur under the Pmpowd Action and the positive entironmwtal impacts
assocktcd with rcdud entrainment md impingement of fish eggs, Imae, juveniles, and
adult fishes of the Sa_3dver. StiI1,the DEIS fails to adequately evaluate theeffmts
ofrhe Proposed titonontishmd wildliferesources. ‘fheunderlyin gbasiso fthisfnilure
istheconcluSon mnitindin Ap~&x B, “Ecological ticctsfrom contarnimntsi” Par

PKm..clc
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Pond, L-bke, Stml Crd, and Lower Thrct Runs are untikely regacdlc.ssof the wus of

theRiverWater Systa. ”

We strongly disagree with this statement. As noted in a June 2, 1992, letter to ME from
rhe ~S in which it did not concur tith tk DOES m=ment of “o effti on tie wd
stork and the bnld =gle relative to the 1*1 emergency drawdown of Par Pond, the
documented Imets of mmcutyin fih inPar Pondfarexceedlevelsknownto cm%
adverseeff-s on sensitiveatian species.L!mitcddata presentedat a woodstork meeting
at SRSin 1996 indimte mercury Icvels in fishes in L.Lake are higher thm those i“ Par
Pond. Contrary to the conclusions pmscntti in Appendix B, available data indicate
dtmen~ in LN% ParPond,SteelCreek,andLow= ThreeRum Iikeiypresent
significantrisk to exposed fish and wildlife populations, pardcularly avian spties
including the endangered wwd stork md threatened bald mgle. Furtherinvcstigatio”s
intothe natureandtient of contandnadon msociati with the= water bdies and
apprOp~te ~te s~fic =OlOs’c~ ri* w==en= arc ncceq to filly assess the
ecolosid effects -ted with cantmts in these water bodies. These&to are
needed before the mvironmenti impcf.s of the Propose dActionw be adeguatefy
evaluated and comi&red h lhe &cis”omnakingprwem

While not a pm of this DE3S, the plmned reduction i“ cumnt pumping Rom 28,OOOgpm
to 5,000 gpm may d= have a significant effect on tmst rtsourca associated with the
receiving water bodies. Under the ptmned &uctio” which DOE hs detenni”td to be
categoritily wcluded kom requiring either an Environmmtal Assessment or an EIS
underNEPA,currentdischargesto FourmileBranchvia CastorCreek(approtimtely 0.5
cfs) and to the hetiwaters of Steel Creek (6.5 cfs) would be eliminated and flow to Pen
Branchwould be reduced from around 12,7 cfs to no more than 0.68 cfs. Strtiow
reductions rtsult in wam and riptian habitat losses wiih potentiat adverse imp~s o“
fish and wildlife populations, In tidition, at SRSreductionsin streamflowmaydso result
in the expwre of cotimnlcd scdimenrs and additional mpowre pathways fbr atia”
and terrestrial tildlife. The DEIS should cantain same discussion of the impacts of the
planned stre.amtlowreduction%at a minimum, there shouldbesomeexplmtion of DOEs
determinationthat this actionis ategorically ex=l”dedfrom review underWA

2. Endmgered Spcci~: While the DEfS stat= tkt DOE directed the preparation of~
biologid assessment to evaluate the &eas of the proposed action on endangered and
threatend spmies, the FWS has not been provided a copy of that assessmmt. The DEIS
finher states that DOE “plw to initiate formal conmltation: fod consultation “nd~
Section 7 of the Endangered Spwies Ati is required if the biototicfd a~essmcnt m“cl”des
the proposed action may tiect endangered or threatened species. Under forrml
w nsultation, the FWS must prwae a B,otogicd OpX1onre~ding the project and its
impacts on endangered and threatened spti=. The evacuationof Proposed Action
impacts cannot be completd until Section 7 consultation is completd, thus affecting the
Fil!alEfs completion.

3. Natural Rsource Damages The DEIS co”!ains a di~ssion of nat”rat rcso”rce dmages

PK64-40F
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(Section 5.5.2.4 and Section 4.8), and in panicular the effect of a determination in m HS
that cenaincmurws areimeversibly ?.ndirretrievablycomndtted. Thediscussion inthese
sections is not CIW however, it impliesthat DOE’s idendlimtion in the DE2S of any
resource as irrwersibly md irretrievably committed will preclude natural resource
damages iiabilityarising komlhepropod action. Section 107(f) of CERCLArquires
that damages to mturd resources be specificallyidentified, that a permit or license be
issued and the decision granting the permit or Iicense authorize the commitment of
resources, md that operations becanducted n'ith!n thetmsofthe permit or license, Itis
notapparent from the DEIS that alla ftheconditions of the Section 107(0 exclusion
would be met. Fuflhw, even ifthwantition$ were M,itisrnot clWthatthe S=tiom
107(~ exclution would apply to a situation involting rele=s or contami”atio” occurring
prior tothepreparation of the EIS. AWrdingJy, bascdon theinformation mnttinedin
the DEIS, itisour viewthat the Section 107(f)exclusion fiomliability would not apply.

The Department appreciates tbeopponunitylo provide thammments. Anyqu~tionsor
comments should be d[rected to Ms. Diane Dunw Environtnenti Contaminants Specialist,
U. S. Fish and Wlldiife Service, P. O.Box 69, Wadmataw Island, So.ti Carolina 29487, (803)
559-7909.

Sincerely, ~

@&d+
Director
Ofice ofEnvironmental Policy

and Compliance

PKs440P
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Response to Comment L16-01

Section 4,3 .S.3, as revised, presents a thorough
evaluation of the affected environment and
environmental consequence on threatened and
endangered species due to implementation of
the proposed action or arr alternative. This
evaluation is supported by a Biological
Assessment and an Ecological Risk Assessment
(Appendix B),

DOE appreciates the advice and cooperation of
the Fish and Wildlife Service that is leading to
the successful completion of the consultation
process as required by Section 7 of the
Endangered Species Act.

Response to Comment L16-02

DOE acknowledges that documented
concentrations of mercury in fish in Par Pond
and L-Lake in some cases have exceeded
0.1 mg~g (ppm). However, it should be noted
that the 0.1 mg/kg concentration of total
mercury in prey items (fish) that is generally
cited as protective of fish-eating birds (from
Eisler’s oft-cited 1987 mnnograph A4ercu~
Hazards to Fish, Wi[dll~e, arrdInvertebrates) is
very conservative, and has been the subject of
some debate in scientific circles. Moreover, this
0.1 mg/kg (ppm) standard is within the range of
normal background mercury levels in fish in
many streams, lakes, and reservoirs in the U.S.

For example, freshwater fish (bottom-dwelling
species and predators) were sampled at more
tharr 100 stations across the U.S. in the 1970s
md 1980s as part of the National Contaminant
Binmonitoring Program managed by the U.S.
Fish and Wildlife Service. Mean concentrations
of mercury in these fish samples were 0.11 ppm
in both 1978-1979 sud 1980-1981. The EPA
National Study of Chemical Residues in Fish
(EPA 823-R-92-008a) presents data on mercury
concentrations in fish collected from 1986-1989
at 374 locations (a mix of contaminated and
background sites). Generally sp !aking,
concentrations were highest in the northeast and
southeast and lowest in the midwest, southwest,

arrd interrnountain west. More than 60 percent
of the water bodies contained fish with mercury
concentrations greater tha 0.1 mg/kg (ppm).
The concentration of mercury in fish tissue from
21 background sites ranged from not detected to

1.77m~g (ppm) with a mearr of 0.34 mgikg.
This mean value is three times the Eisler
standard of 0.1 ppm.

Mercury concentrations in fish in Par Pond have
on occasion been higher than the 0.1 ppm
concentration, but are not au imminent threat to
fish arrd wildlife. Any effects would be subtle
to imperceptible; there is no evidence to date of
reduced survival or reproductive success in any
of the sensitive species known to forage or nest
in the area (such as the bald eagle and wood
stork).

The “limited data presented at the 1996 wood
stork meeting” do not indicate thatmercury
levels in fish in L-Lake are hi@er tharr those in
Par Pnnd, nor are these data indicative of
“significant risk to exposed fish and wildlife
populations.” These limited SavarrrrahRiver
Ecology Laboratory data show that mercury
concentrations are roughly twice as high in Par
Pond fish than L-Lake fish. Mercury
concentrations appear to be slightly elevated in
largemouth bass and four sunfish species in Par
Pond. Mercury concentrations in L-Lake fish
are indistinguishable from background levels,
with the exception of one species, the redbreast,
which appears to contain elevated
concentrations of mercury. It should be noted
that sunfish from isolated SRS wetlands
unaffected by facility operations often contain
mercury levels as high or higher tharr L-Lake’
aud Par Pond, depending on the particular
wetland’s soils and water quality (pH,
hardness/alkalinity, arrd total organic carbon).

The value presented in Eisler (1987) of 0,1 ppm
should be viewed as an initial indicator of
potential risk to sensitive bird species. This
value is not species specific, and does not take
into account site-specific physico-chemical
parameters or the ecology of the avian receptors
that use a given site (e.g., Par Pond and
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L-Lake). The Eisler value, therefore, should be
viewed as a starting pOint or screening level tO
investigate potential risks when fish have body
burdens of greater than 0.1 ppm total mercury.
The FEIS contains an expanded ecological risk
assessment that evaluates potential risks to the
wood stork and bald eagle (among other
species) that is based on site-specific and
species-specific parameters.

Response to Comment L16-03

The FEIS contains an expanded discussion of

possible impacts to fish and wildlife from
reductions in streamflow (Section 4.2.5), as well
as no explanation for DOE’s position tiat this
action is categorical y excluded from review
under NEPA (Section 1.1).

Response to Comment L16-04

On December 23, 1996, the DOE NEPA
Compliance Officer at the Savannah River Site,
Mr. Drew Grainger, sent a copy of the
Biological Assessment to Mr. Roger L. Banks
of the Charleston, S.C., field office of the U.S.
Fish and Wildlife Service. The cover letter that
accompanied the Biological Assessment noted
that

The biological assessment concludes that
the proposed action may affect the bald
eagle, which nests on the SRS, and the
wood stork, which occasionally forages
on the SRS. As a result,... DOE would like
to begin the process of consultation
pursuant to Section 7 of the Endangered
Species Act...

DOE believes that it has fultilled its obligations
with respect to the consultation requirements of
the Endangered Species Act,

Response to Comment L16-05

USFWS states that the discussion of the
irreversible and irretrievably committed
resources and the effect that such a
determination in an EIS has on natural resources

damage liability is not clear. USFWS further
asserts that all the conditions of the CERCLA
Section 107(fl exclusion would not be met by
the DEIS as it is currently written. Under
Section 107(f) of CERCLA there is exclusion of
liability for an injury to, destruction of, or loss
of natural resources if

...the damages to natural commitments of
resources complained of were specifically
identified as irreversible and irretrievable
commitments of resources in an
environmental impact statement, or other
comparable environmental analysis, and
the decision to grant a permit or license
authorizes such commitment of natural
resources, and the facility or project was
otherwise operating within the terms of its
pemrit or license, so long as, in the case of
damages to an Indian tribe occurring
pursuant to a Federal permit or license,
the issuance of that permit or license was
not inconsistent with the fiduciary duty of
the United States with respect to such
Indian tribe.

In Section 4.8 of RWEIS, the discussion of the
resources that would be irreversibly and
irretrievably committed has been clarified so as
to satisfy the requirements of both NEPA and
CERCLA. A discussion of the potential natural
resource damages liability resulting from this
action as addressed in Section 107(~ of
CERCLA is not appropriate at this time and has
been eliminated. It is premature to pursue a
decision on a Section 107(fl exclusion on
natural resource darnages liability for the
current action at this time.

In the USFWS comment, it is not clear, but

seems to be implied that a permit or license
must be issued in order to fulfill the
requirements of Section 107(fl of CERCLA
with regard to obtaining an exclusion for natural
resource damage liability, In the case of the
actions under consideration, a permit is not
relevant to the activities involved and would not
be necessary. Alternative remedial actions
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I under CERCLA are not ready for decision at cannot be implied that invocation of the Section
this time and are not included in this Final EIS. 107(0 exclusion covers the urior releases and

B contamination. These prior releases are
Finally, USFWS raises the question of currently being addressed through the CERCLA
applicability of the Section 107(0 exclusion as remediation process with input from tbe

‘I

it applies to reIeases and contamination Savannah River Site’s Natural Resource
occurring prior to the preparation of RWEIS. It Trustees.
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APPENDIX F. DESCRIPTION OF L-LAKE
SEDIMENT DATA

L-Lake sediment data used quantitatively in this
Final Environmental Impact Statement (EIS)
were obtained from initial sampling in 1995 and
a four-phase series of studies which were
conducted in 1996-1997 in support of this Final
EIS and a Site Evaluation (SE) for L-Lake. The
data were collected in accordance with
CERCLA protocols to support tie SE and

AND DATA SOURCES1

subsequent investigations, if any, that may be
conducted under the Federal Facility Agreement
between EPA, SCDHEC, and DOE.
Descriptions of the methods employed in the
initial sampling and the first three phases are
presented below. The fourth phase has not yet
been conducted.

F.1 Initial Sediment Core Sampling

prior to tie initiation of Phases I.III, sediment
core sampling was conducted in Par Pond, Pond
C, and L-Lake in July 1995 (Koch, Martin, and
Friday 1996). The study was conducted to
develop a defensible characterization of
contaminants in Par Pond, Pond C, and L-Lake
sediments, and to serve as the basis for future
studies to determine in detail the dismibution
mrd ecological effects of those contaminants.
Since this section is limited to descriptions of L-
Lake data, only data from L-Lake will be
discussed.

Sediment cores in L-Lake were collected by
vibracoring. In simple terms, the vibracore
machine is a gasoline-powered engine with a
vibrating head on a flexible steel wire. A 3-inch
diameter (7.6-centimeter), thin-wailed,
aluminum pipe about 15-foot (4.6-meter) long is
attached to the head. The pipe is raised to a
vertical position and vibrated by the engine.
Thus, the head vibrates the aluminum pipe into
the sediment, capturing a core of sediment
material. For deeper water samples, the

aPP~atuS is attached to a coring barge, ~d is
slightly modified to advance the pipe under
water.

In L-Lake, sampling locations were established
by longitude and latitude coordinates using a

digitized SRS map. Two cores were collected at
each location to provide enough sample volume
for analysis. Following retrieval, cores were
transported to the sample processing facility
where they were cut longitudinally using a
circular saw. Each core was divided into five
segments comesponding to depths of 0-1 foot,
1-2 feet, 2-4 feet, 4-6 feet, and 6-8 feet (0-0.3
meter, 0.3-0.6 meter, 0.6- 1.2 meters, 1.2-1.8
meters, and 1.8-2.4 meters). Subsamples from
approximately half the samples were
immediately collected for volatile organic
analyte analysis. Samples were also analyzed
for a suite of other nonradiological
contaminants and radiological contaminants.
Non-radiological data from L-Lake samples
were validated using stidard data validation
techniques.

1AppendixF is a new appendixthat was not pti of the DEIS.
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F.2

The Phase I study consisted of the collection of
surface sediment samples in summer 1996 in L-
Lake for radionuclide and trace metal analysis
(Dunn, Gladden, arrd Martin 1996). Sampling
locations were selected based on aerial
photographs, the results of previous studies, arrd
the SRS soil survey. Locations were selected to
include dominant soil types arrd sites knowrr or
suspected to have been used as disposal sites for
clean vegetation. These are sites where
vegetation was piled up and burned during lake
construction. Hence they are referred to as “ash
pit” samples. Sites were also selected to include
areas where radionuclide-contam inated soils
were removed and buried during lake
constmction, A Global Position System was
used to locate precise locations. A total of 45
sampling locations were identified. Thirteen

F.3

The Phase II study of the four-phase
investigation consisted of the collection of L-
Lake sediment cores for radionuclide and trace
metal analysis in August 1996 (Dunn, Koch, and
Martin 1996). The vibracoring technique
described above was used for sample collection.
A GPS system was used to identify specific
sampling locations. Each core was divided into
sampling intervals. Four foot cores were
sampled at 0-1-foot and 1-4-foot (0-0.3- and
0.3-1 .2-meter) intervals, and 8-foot cores were
sampled at 0-1, 1-4, arrd 4-8-feet (0-0.3-,

Phase I

reference sites were also selected from Steel

Creek and Meyers Brarrch, its main tributary.

L-Lake samples were collected with an Ekmrm
dredge, arrd reference samples were collected
with au auger-type tool. L-Lake samples were
collected from O-O.S-foot (O-O.IS-meter) depth,
while reference samples were collected from O-
l-foot (O-0.3-meter) and 1-4-foot (0,3- 1.2-
meters) depth intervals. The sediment samples
were analyzed for all EPA Target Analyte List
metals (except cyanide), gross alpha activity,
nonvolatile beta activity, gamma-pulse-height,
plutonium alpha series isotopes, and uranium
alpha series isotopes. All nonradiological and
radiological data were validated using strmdard
data validation techniques.

Phase II

0.3- 1.2-, and 1.2-2.4-meter) intervals. A
maximum of 17 sample cores were collected,
but this number of subsamples was not available
for each depth. The same reference data
described for the Phase I sampling were also
used during the Phase 11study (a total of 13
samples). All samples were analyzed for Target
Analyte List metals (except cyanide), gross
alpha, nonvolatile beta, Pu series, U series, and
gamma spectroscopy. All noaradiological and
radiological data were validated using starrdard
data validation techrriques.

F.4 Phase III

PhaseIII of the four-phase investigation and cobalt-60, The detector was lowered by a
consisted of in situ analysis for gamma-emitting winch until its housing rested on the sediment
radionuclides in L-Lake in summer 1996 (Dunn surface. Two-minute counting intewals were
1996). A GPS system was used to locate exact made at each location. The goal of the HPGe
sampling locations, and 192 locations were sampling was to determine the edge of the
sampled. At each location, an underwater gamma-emitting radionuclide contamination in
gamma-detector, a High Pt ..ity Germanium the Iakebed and compare it with the contour
detector (HPGe), was used 10 measure gamma- established in 1985.
emitting radioisotopes, primarily cesium-137

F-2
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In addition, grab samples of the bonom levels below the detection limit of the
sediments were also collected. These samples underwater gamma detector. Grab samples

were taken to determine the incidence of man- were analyzed with low-level ~Ge in the
made radionuclides present in the sediments at Underground Counting Facility.

F.5 L-Lake Sediment Data Reduction forthe EIS

The full data sets from the studies described
above were reduced and manipulated for use in
the L-Lake human health evaluation (Appendix
A and Section 4. 1,8) and the L-Lake ecological
risk assessment (Appendix B and Section 4. 1.5)
inchrded inthis Final EIS. The data used in
these evaluations are described below.

F.5.1 L-LAKE SEDIMENT DATA USED IN
THE HUMAN HEALTH EVALUATION

Validated analytical data from three of the data
sets described above were combined for use in
the Human Health Evaluation in this Final EIS
(Dunn and Martin 1997a). The first data set
included the O-1-foot (0-0,3 meter) segments
from 1995 sediment cores collected from
shallow and deep-water locations in L-Lake
(Koch, Martin, and Friday 1996). Secondly,
O-O.5-foot(O-O.15-meter) samples collected in
submerged portions of the L-Lake basin as part

of Phase I sampling were included in tie data
set (Dunn, Gladden, and Martin 1996). Third,
O-l-foot (0-O.3-meter) segments from 1996
Phase II sediment cores in submerged portions
of L-Lake were included in the data set (Dunn
1996). Again, tiese data, both radiological and
nonradiological, were combined into a single
database prior to use in the evaluation. All
constituents with 100 percent non-detects were
then removed from the database. Additionally,
if any constituent had an analytical result greater
than the detection limit and with no data
disqualified, then the constituent was retained in
the database. Also, reference soil data for the

O-1-foot (0-O.3-meter) segments collected
during the 1996 Phase I study were used (Dunn,
Gladden, and Martin 1996).

The remedial investigation reported in

Appendix A used the three data sets described
above and also used data from the Phase III
underwater ganrma study and data from an
underwater gamma study conducted in 1995
(WSRC 1995). Due to the nature of the data
described above, only cesium- 137 data were
used in Appendix A.

F.5.2 L-LAKE SEDIMENT DATA USED IN
THE ECOLOGICAL RISK ASSESSMENT

For the ecological risk assessment, O-O.5-foot
(O-O.15-meter) Phase I sediment samples from
both the floodplain and stream channel beneath
L-Lake were used to obtain contaminant
concentrations, both radiological and
nonradiological (Dunn, Giadden, arrd Martin
1996). This is the horizon of sediments that
terrestrial receptors may be exposed to when
water levels recede or fluctuate. Only validated
data were included in the data set (Dunn and
Martin 1997b). All sample results were
retained, and constituents with 100 percent non-
detects were excluded from the data set.
However, when a contaminant was present in
one sample above tbe detection limit and did not
possess a data disqualified, one-half the
detection limit was used for all non-detects of
that constituent.

F-3
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ACRONYMS, ABBREVIATIONS, AND USE OF SCIENTIFIC NOTATION

Acronyms

AEC

AIFRA

CEQ

CERCLA

CFR

CMS~S

Coc

COPC

Cx

DOE

EA

EEC

EIS

EPA

ERA

FERC

FFA

FR

HAZWRAP

m

HPGe

HQ

Iou

LOAEL

MEPAS

NCP

NEPA

NMFS

NOAEL

NPDES

NTU

O&M

U.S. Atomic Energy Commission

American Indian Religious Freedom Act

Council on Environmental Quality

Comprehensive Environmental Response, Compensation, and Liability Act

Code of Federal Regulations

Corrective Measures StudyiFeasibility Study

Contaminants of Concern

Contaminants of Potential Concern

Categorical Exclusion

U.S. Department of Energy

Environmental Assessment

Environmental Evaluation Checklist

Environmental Impact Statement

U.S. Environmental Protection Agency

Ecological Risk Assessment

Federal Energy Regulatory Commission

Federal Facility Agreement

Federal Register

Hazardous Waste Remedial Action Program

Hazard Index

High-purity gemranium

Hazard Quotient

Integrator Operable Units

Lowest Observable Adverse Effects Level

Multimedia Environmental Pollutant Assessment System

National Oil and Hazardous Substances Pollution Contingency Plan

National Environmental Policy Act

National Marine Fisheries Service

No Observable Adverse Effects Level

1Jational Pollutant Discharge Elimination System

Nephelometer turbidity units

Operation and Maintenance



PCB

PM1o

RCRA

RF1/Rl

RGO

ROD

SCDHEC

SE

SEA

SEL

SRS

SWTP

TAL

TCL

TRV

TSS

USACE

cfm

Cfs

cm

g

gpm

kg

L

lb

mg

P

pCi

Pg

pCi

“c

“F

Polychlorinated Biphenyls

Particulate matter less thmr 10 microns in diameter

Resource Conservation and Recovery Act

RCRA Facility Investigation/Remedial Investigation

Remedial Goal Options

Record of Decision

South Carolina Department of Health and Environmental Control

Site Evaluation

Special Environmental Analysis

Severe Effects Level

Savannah R]ver Site

Sanitary Wastewater Treatment Plant

Terget Arralyte List

Total Chlorinated Hydrocarbon Organics

Toxicity Reference Value

Total Suspended Solids

U.S. Army Corps of Engineers

Abbreviations for Measurements

cubicfeetperminute

cubicfeetpersecond = 448.8 gallons per minute = 0.02832 cubic meter per
second

centimeter

acceleration of gravity = 32.17 feet per squsre second

gallons per minute

kilogram

liter = 0.2642 gallon

pound = 0.4536 kilogram

milligram

micron

microcurie

microgram

picocurie

degrees Celsius = 5/9 (degrees Fahrenheit – 32)

degrees Fahrenheit =32 + 9/5 (degrees Celsius)
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Use of Scientific Notation

VeW small and very large numbers are sometimes witten using “scientific notation” or “E-notation”

rather than as decimals or fractions. Both types of notation use exponents to indicate the power of 10 as

a multiplier (i.e., 10n, or the number 10 multiplied by itself “n” times; 10-n, or the reciprocal of the

number 10 multiplied by itself “n” times).

For example: 11)3=11)X 11)~ 10=1,000

10.2=L
lox 10 ‘0”01

In scientific notation, large numbers are written as a decimal between 1 and 10 multiplied by the

appropriate power of 10:

4,900 is written 4.9 x 103= 4.9x 10x 10 x 10= 4.9x 1,000= 4,900

0.049 is written 4.9 x 10-2

1,490,000 or 1.49 million is written 1.49 x 106

A positive exponent indicates a number larger than or equal to one, a negative exponent indicates number

less than one.

In some cases, a slightly different notation (“E-notation”) is used, where “x 10” is replaced by “E and

the exponent is not superscripted. Using the above examples

4,900 = 4,9 X 103 = 4.9E+03

0.049 = 4.9X 10-2= 4.9E-02

1,490,000 = 1.49X 106= 1.49E+06
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GLOSSARY

accretion
The gradual addition of new land to old by deposition of sediment carried by the water of a
stream.

activity
See radioactivity

adsorption
The adhesion (attachment) of a substance to the surface of a solid or solid particles.

aggregate

Any of several hard, inert materials such as sand or gravel used for mixing with a cementing
material to form concrete, mortar, or plaster.

air dispersion coefficients
Parameters that represent the dispersion of air pollutants with respect to distance from the
source.

air quality
A measure of the levels of constituents in the aiL they mayor may not be pollutants

air quality standards
The prescribed level of constituents in the outside air (ambient air) that should not be exceeded
legally during a specified time in a specified area. (See criteriapollutarrt.)

air sampling
The collection and analysis of air samples for the purpose of measuring pollutants

alluvial
Deposited by a stream or running water.

ambient air
The surrounding atmosphere, usually the outside air, as it exists around people, plants, and
structures. It is not the air closest to emission sources,

anaerobic
Environments that are lacking molecular or dissolved oxygen.

annulus
The space between the two walls of a double-wall tank.

anoxia
Depletion of oxygen.

aqueous
Made from, with, or by water.
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aquifer
A geologic forruatiOn that contains enough saturated, porous material to permit movement of
groundwater and to yield groundwater to wells and springs.

atmosphere
The layer of air surrounding the Earth

Atomic Energy Commission (AEC)
A five-member commission established after World War II to supervise the use of nuclear
ener~. The AEC WaS tlssolved in 1975 and its functions transferred to the Nuclear Regulatory
Commission (NRC) and the Energy Research and Development Administration (ERDA), which
later became the Department of Energy (DOE).

background exposure
See exposure to radiation

background radiation
Normal radiation present in the lower atmosphere from cosmic rays and earth sources.
Background radiation varies considerably with location depending on elevation above sea level
arid natural i-adioactivi~ present in the earth or buiIding materials such as granite.

baseline
Assessment of existing conditions before the addition of pollutants.

benthic
Associated with the bottom of a body of water or living in the bottom sediments, as in “benthic
organ ism.”

henthic macro invertebrate
An animal that lives in or on the bottom, that is visible to the naked eye, and has no vertebral
column (backbone), such as the aquatic Iawae of insects (mayflies and caddisflies) aud adult
mollusks (clams and mussels).

benthic region
The bottom of a body of water. This region supports the benthos, a type of life that not only
lives on but contributes to the character of the bottom of the body of water.

biodiversity
The varie~ of organisms which inhabit a particular area

biological dose
The radiation dose, measured in rem, absorbed in biological material.

biota
The plrmt and animal life of a region.

backwater stream
A stream containing dark-colored water due to high levels of tarrnic and/or humic acid from leaf
litter and detritus.
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blending credit

Theamount ofdilution expected when wastewater isdischarged irrtoawater source suchasa

river or stream.

bottomlaod

Lowland formed by a[luviai deposit along a stream or in a lake basin.

bottomlaod hardwood forest

“c

cancer

Forested wetlands containing a predominance of hardwood species such as oak, hickory,
sweetgum, tulip poplar, bald cypress, and blackgum found adjacent to streams and rivers in the
southeastern United States.

Degree Celsius. “C= ~ x ~F - 32).

A malignant tumor of potentially unlimited growth, capable of invading surrounding tissue or
spreading to other parts of the body,

carcinogen
An agent capable of producing or inducing cancer.

carcinogenic
Capable of producing or inducing cancer.

Carolina Bay
Shallow depressional wetland area found on the southeastern Atlantic Coastal Plain.

catchment basin
A basin to catch drainage or runofl

categorical exclusion
A NEP.4 term as defined by the Council on Environmental Quality as an action that does not
individually or cumulatively have a significant effect on the human environment.

CategOW 2 species
Plant or animal species for which there is some evidence of vulnerability, but for which presently
there is not enough data to support listing as threatened or endangered.

celsius
Of or relating to a temperature scale that registers the freezing point of water as O“Cand the
boiling point as 100”C under normal atmospheric pressure.

Citizens Advisory Board
A formally chartered group of local private citizens who provide DOE with a consensus of
public opinion on SRS issues.

collective dose
The sum of the individual doses to all members of a specific population.

GL-3



collocated
To place together in proper order.

committed dose equivalent
The dose equivalent calculated to be received by a tissue or organ over a 50-year period after the
intake of a radionuclide into the body.

committed effective dose equivalent
The sum of the committed dose equivalents to various tissues in the body.

concentration
The quantity of a substance contained in a unit quantity of a medium (e.g., micrograms of
aluminum per liter of water).

condensate
Liquid water obtained by cooling the steam produced in an evaporator system.

confidence level
The certainty of a particular point (measurement, amount, value) being within a statistically
detemrined range.

confining unit
A geologic strata which, because of its position and its impermeability or low permeability
relative to the aqzd~er, gives the water in the aguz~er artesian head.

confluence
The point where ~o streams meet.

constituents
Parts of components of a chemical system.

cooling water
Water which is pumped into a nuclear reactor to cool components and prevent damage from the
intense heat generated when the reactor is operating.

corrective measures study
An evaluation of various remedial alternatives.

criteria pollutant
Air pollutants for which the U.S. Environmental Protection Agency has established
concentration standards; concentrations below the standards do not pose a threat to public health
and welfare.

cross section
A profile portraying an interpretation of a vertical section of the earth explored by geophysical or
geologic methods.

cumulative effects
Additive environmental, health, or socioeconomic effects that result from a number of similar
activities in an area.
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curie (Ci)

A unit of measure of radioactivity equal to 37,000,000,000 decays per second. A curie is also a
quantity of any nuclide or mixture of nuclides having one curie of radioactivity.

deactivation
To cease operation.

decay, radioactive
The spontaneous transformation of one nuclide into a different nuclide or into a different energy
state of the same nuclide. The process results in the emission of nuclear radiation (alpha, beta,
gamma, or neutron radiation),

decisionmaker
Group or individual whose responsibility is to make a decision concerning the future of the River
Water System.

delta
A deposit of sediment, usually triangular in shape, at the mouth of a river, stream, or tidal inlet

de minimus
Maximum plant-wide air emission of the toxic chemical that will not require further modeling
review.

dose
The energy imparted to matter by ionizing radiation. The unit of absorbed dose is the rad, equal
to 0.01 joules per kilogram of irradiated material in any medium.

dose conversion factor
Factor used to calculate the cancer risk for a radiation dose,

dose equivalent
A term used to express the amount of effective radiation when modifying factors have been
considered. It is the product of absorbed dose (rads) multiplied by a quality factor and other
modifiing factors. It is measured in rem (Roentgen equivalent man). (See eflecrive dose
equivalent.)

dose rate
The radiation dose delivered per unit time (e.g., rem per year),

drawdown (1)
The height difference between the water level in a formation and the water level in a well caused
by the withdrawal of ground water,

drawdowrr (2)
To reduce the water level in a lake,

dry lafip
Layup condition where the pipe distribution system is allowed to drain. No effort is made to
pump low points dry, and inspections of distribution piping would continue.



ecology
The study of the relationships between living things and their environments.

ecosystem
The community of living things and the physical environment in which they live.

ecotone
The transitional area between two ecological communities (e.g., between a grassland and a

TC forest).

effective dose equivalent
A quantity used to estimate the biological effect of ionizing radiation. It is the sum over all body
tissues of the product of absorbed dose, the quality factor (to account for the different penetrating
abilities of the various types of radiation), and the tissue weighting factor (to account for the
different radiosensitivities of the various tissues of the body).

effluent
A liquid discharged into the environment, usually into surface streams. In this EIS, effluent
refers to discharged wastes that are nonpolluting in their natural state or as a result of treatment.

effluent standards
Defined limits of waste discharge in terms of volume, content of contaminants, temperature, etc.

EIS
Environmental impact statement a legal document required by the National Environmental
Policy Act @EPA) of 1969, for Federal actions involving significant or potentially significant
environmental impacts.

embankment
A ridge of earth or stone to prevent water from passing beyond a desirable limit.

emission standards
Legally enforceable limits on the quantities and kinds of air contaminants that maybe emitted to
the atmosphere.

endangered species
Plant or animal species that are threatened with extinction

environment
The sum of all external conditions and influences affecting the life, development, and ultimately,
the survival of an organism.

environmental justice
The fair treatment of people of all races, cultures, incomes, and educational levels with respect to
the development, implementation, and enforcement of environmental laws, regulations, and
policies. Fair treatment implies that no population of people should be forced to shoulder a
disproportionate share of the negative environmental impacts ofpollurion or environmental
hazards due to a lack of political or economic strength,
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environmental restoration
To restore arr area to the natural state which existed before it was degraded by human activity

environmental transport

The movement through the environment of a substance, including the physical, chemical, and

biological interactions undergone by the substance,

epilimnion
The upper, warmer layer of a stratified lake

erosion

The process in which actions of wind or water carry away soil

euphotic zone
The upper layer of a body of water that is penetrated by sunlight, this includes the Ii?{oral and
limnetic zones.

eutrophic

A water body which has become enriched with excessive amounts of pkmt nutrients (such as
nitrates and phosphates) arrd is characterized by excessive gotih of aquatic plmts.

exceedance
A value over a prescribed limit

exposure to radiation
The incidence of radiation on living or inanimate material by accident or intent. Background
exposure is the exposure to natural background ionizing radiation. Occupational exposure is the
exposure to ionizing radiation that occurs during a person’s working hours. Population exposure
is the exposure to a number of persons who inhabit an area.

external radiation
Being exposed to radiation from sources outside your body.

“F

Degree Fahrenheit. “F= “C x ~ +32

facies
A group of rocks that differ from surrounding rocks.

facultative (wetland species)
Taking place under some conditions but not others.

fall line
Arr imaginary line drawn through the falls (or rapids) of successive rivers and roughly defining
the area where streams pass from the harder rocks of the Piedmont to the sofier rocks of the
Coastal Plain.

TC
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fallout

fault

The descent to earth and deposition on the ground of particulate matter (which is usually

radioactive) from the atmosphere.

A break in the Earth’s crust along which movement has occurred.

feasibility study
A detailed technical, economic, and legal review of a specific proposed project at a particular
location. AfeasibiliV study outlines alIpotential costs, benefits, andproblems.

fiscal year
Period ofoneyear used tocalculate financial data. Asdefined bythe Federal government, this
E1.Suses afiscal yearwhich begins on Octoberl arrdends on September 30.

floodplain
The relatively smooth valley floors adjacent to and fomed by rivers subject to overflow.

flora

Plants.

fluvial
Relating to or living in, or near a river.

fold
A bend in geologic srrara

full pool
The highest water level reached in a lake without ovefiow of the embankrnerrls.

gamma rays
High-energy, short-wavelength electromagnetic radiation accompanying fission, radioactive
decay, ornuclear reactions, Gamma raysare ve~penetrating mdrequire relatively thick shields
to absorb the rays effectively.

genus/genera
A group of structurally or pbylogenetically related species.

geology
Thescience thatdeals withthe Earth: thematerials, processes, environments, andhistoW of the
planet, especially the lithosphere, including the rocks and their formation and stmcture.

groundwater
The .upplyoffresh water inarraqui~er under the Earth's surface.

groundwater percolation
The gravity flow of water through pores in underlying rock or soil into groundwater
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half-life (radiological)

The time in which half the atoms of a radioactive substance disintegrate to another nuclear form.
Half-lives vary from millionths of a second to billions of years.

hazard index
The sum of more than one hazard guoderzl for multiple substances and/or multiple exposure

pathways. The hazard index is calculated separately for chronic, subchronic, and shorter-
duratiorr exposures.

hazard quotient

The ratio of a single substance exposure level over a specified period of time (e.g., subchronic)
to a reference dose for that substance derived from a similar exposure period.

head
As related to water wells, the pressure of a fluid upon a unit area due to the height at which the
surface of the fluid stands above the point at which tbe pressure is determined.

headwaters
The source and upstream waters of a river or stream.

hydraulic conductivity
The ability of water to move through an agul~ei-,also the ratio of the flow velocity to driving
force for viscous flow under saturated conditions of gr-ourrdwater.

hydraulic gradient
As applied to an aqul~er’ it is the rate of change of pressure head per unit of distance of flow at a
given point and in a given direction.

hydrogeologic
Pertaining to the rocks which bear water in the subsurface.

hydrostratigraphy
Names used to identifi the water-bearing properties of rocks

h~olimnion
The lower, cooler water layer found in stratified lakes.

impoundment
An enclosed reservoir of water.

incision depth
Depth that a river or creek has cut down into the emth’s surface.

infrastructure
Items that were once important parts of the processes with which SRS accomplished its missions.

inhibited water
Water treated with chemicals to retard or halt corrosio~l, especially of metals
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in situ
In the original location

institutional controls
Actions that limit hum~ activities at or near facilities where hazardous and/or radioactive
wastes exist. They may include land and resource use restrictions, well drilling prohibitions,
building permit restrictions, and other types of restrictions.

Integrator Operable Units
Contaminated stream systems on the SRS that are also classed as RCRA/CERCLA units. IOUS
have multiple contamination in their watersheds.

interim status
The period of operation for facilities that require RCRA permits until the permitting process is
complete.

internal radiation
Being exposed to radioactive materials inside the body.

isotope
An atom of a chemical element with a specific atomic number and atomic mass. Isotopes of the
same element have the same number of protons but different numbers of neutrons. Isotopes are
identified by the name of the element and the total number of protons rmd neutrons in the
nucleus. For example, plutonium-239 is a plutonium atom with 239 protons and neutrons.

jockey pump
A small, efficient pump used in place of linger pumps to maintain the River Water System

lacustrine
Pertaining to, formed in or produced by a lake or lakes

latent cancer fatalities
Deaths resulting from cancer that has become active following a period of inactivity.

laWp
To maintain portions of the River Water System in a predetermined state of readiness, retaining
the capability for restart in a timeframe that varies inversely with the state of readiness.

Iimnetic zone
The open-water zone of a lake or reservoir to the depth of light penetration.

littoral zone
The shallow-water zone of a pond, lake, or reservoir where light penetrates to the bottom
Typically occupied by rooted plants in natural (undisturbed) systems, but not as a rule in
managed systems, such as flood-control impoundments.

lotic
Pertaining to flowing water.
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low-income communities

A communi~ in which 25 percent or more of the population is identified as living in poverty.

lower limit of detection
The smallest concentrafiorr/amount of the component being measured that can be reliably
detected in a sample at a 95 percent confidence level.

macroph~e
An aquatic vascular plant.

maximally exposed individual
A bWotheticai member of the public assumed to receive the highest calculated dose,

mesotrophic
Describes a body of water with a moderate nutrient content (compares to eutrophic and
oligotr-ophic).

metalimnion
In a stratified lake, the transitional zone beween the hypozimnion arrdthe epilimnion where the
change in temperature with depth is the most rapid. Also referred to as the “themrocline,”

micron

A micrometer (10-6 meters),

migration
The natural travel of a material through the air, soil, or grourrdwater.

Miocene
Fourth of the five epochs of the Tertiary period (more recent than Eocene).

mobility
The ability of a chemical element or a pollutant to move into and through the environment

morbidity risk
The frequency with which exposed individuals would contract both fatal and non-fatal cancers,

mortality risk
The frequency with which exposed individuals die from induced cancer.

mothball
To place and maintain facilities in a condition practical to restart, conducting only those
activities necessary for routine maintenance or to protect human health and the environment.

natural radiation or natural radioactivity
Background radiation. Some elements are naturally radioactive, whereas others are induced to
become radioactive by bombardment in a reactor or accelerator,

natural recharge
To fill and maintain a water body from the natural flow of sources such as streams, springs, or
rivers; as opposed to pumping water from one of these sources.

GL-11



NEPA

National Environmental pOlicy Act of 1969; it requires the preparation of an EIS for Federal
projects that could present significant impacts to human health or the envirorrment.

nonprocess water
At SRS, potable water.

NRC
Nuclear RegulatoV Commission; the independent Federal commission that licenses and
regulates commercial nuclear facilities.

nuclear energy
The energy liberated by a nuclear reactor (fission or fusion) or by radioactive decay.

nuclear power plant
A facility that converts nuclear errer~ into electrical power. Heat produced by a reactor is used
to make steam to drive a turbine which drives an electric generator.

nuclear radiation
Radiation, usually alpha, beta, gamma, or neutron, which emanates from an unstable atomic
nucleus.

nuclear reactor
A device in which a fission chain reaction is maintained and which is used for irradiation of
materials or the generation of electricity.

nutrient loading
The amount of plant nutrients (such as nitrates or phosphates) released into a receiving stream,
either from human or natural sources.

offsite population
In this EIS, all individuals located within an 80-kilometer (50-mile) radius of SRS.

oligotrophic
Describes a body of water with a low nutrient content (compares to eutrophic and mesotrophic).

operable units
CERCLA defined area being investigated for environmental remediation.

organic compounds
Chemical compounds containing carbon and usually hydrogen and/or oxygen,

outcrop

nutfall

Place where groundwarer is discharged to the surface. Springs, swamps, and beds of streams
and rivers are outcrops of the water table.

Place where liquid efluents enter the errvironmerr? and maybe monitored.
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‘1 Paleozoic

First of two eras of geologic time, the other being the Mesozoic.

I pmticulates
Solid p~icles small enough to become airborne.

I people of color communities
A population that is classified by the U.S. Bureau of the Census as Black, Hispanic, Asim and

I

Pacific Islander, American Indian, Eskimo, Aleut, or other nonwhite persons, the composition of
which is at least equal to or greater thsn the state minority average of a defined area or
jurisdiction.

I percent attainment
Percent of the time a facility is available for operations,

I perched
A water-bearing srea of small lateral dimensions lying above a more extensive aquz~er.

I periphyton
Organisms, such as attached algae, that live on rocks, submerged logs, stems and leaves of
aquatic plants, ad other substrates in aquatic habitats.

1 permeability
Ability of rock, soil, or other substance to transmit a fluid,

I person-rem
The radiation dose to a given population; the sum of the individual doses received by a

I

population segment.

UH

I
Ameasure of thehydrogen ionconcen&ation inaqueous solution. Purewater hasapHof7,
acidic solutions have a pH less than 7, mrd basic solutions have a pH greater thmr 7,

1
photosynthesis

Aprocess ingreen plmtsduring which light energy isconvefled tochemicalener~. During this
process, oxygen is released.

1 physiographic
Regions classified based on their physical geographic rmd geologic setting

1 Piedmont
Geographic region of the Appalachians that is characterized by plains formed by the.coalescing
of al[wial fans.

I plankton
Minute organisms in ponds, lakes, and reservoirs that float with the cuments, and whose

I

movements mddistribution arelargely detemined bycuments. Phytoplankton are floating
plants (e.g., algae); zooplankton are floating mimals (e.g., microscopic crustacems).

1
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plume
The elongated patiem of contaminated air Orwater originating at a point source, such as a
smokestack or a hazardous waste disposal site.

pollution
The addition of any undesirable agent to an ecosystem in excess of the rate at which natural
processes can degrade, assimilate, or disperse it.

porosity
The ratio of the total void space in rock or soil to its total volume.

postulated accident
An accident that is forwarded as having occurred to produce the described effects.

potable
Drinkable; for domestic use.

potentiometric map
A representation of the subsurface with contours, showing the elevations to which water would
rise by hydrostatic pressure.

privatization
Thetrarrsferof government operations tothe private sector. This isalong-temr goal for many
of the operations at SRS.

process well/water
At SRS, water used within a system or process and not used as porable water.

pro-deltaic

In reference to rocks or sediments deposited at sea in advance of the river delta.

production welI/water
At SRS, water treated and used as potable water.

rad
Radiation absorbed dose; the basic unit of absorbed dose equal to the absorption of 0.01 joules
per kilogram of absorbing material.

radiation shielding
Reduction of radiation by interposing a shield of absorbing material between a radioactive source
and a person.

radioactivity
The spontaneous decay of unstable atomic nuclei, accompanied by the emission of radiation.

radioisotopes
Radioactive isotopes. Some radioisotopes menaturally oc.uming (e.g., potassium-40), while
others are produced by nuclear reactions.

GL-14
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receiving waters
Rivers, lakes, oceans, or other bodies of water intOwhich treated or untreated waste waters are
discharged.

recharge
Process by which water is absorbed to or added to the subsurface water supply or to the streams
of the area.

Record of Decision (ROD)
A document that provides a concise public record of DOE’s decision on a proposed action for
which as EIS was prepared. A ROD identifies the alternatives considered in reaching the
decision, the environmentally preferable alternative(s), factors balanced by DOE in making the
decision, whether all practicable mearrs to avoid or minimize environmental harm have been
adopted, and if not, why the were not.

redox potential
An expression of the oxidizing or reducing potential of water from a particular source; this
serves as an indicator of the state or form in which chemicals will occur. For example, reduced
iron is soluble in water while oxidized iron precipitates as iron oxide (rust). Therefore, redox
conditions can alter the environmental rnobilip and other properties of some chemicals,

rem (Roentgen equivalent man)
The unit of dose for biological absorption. It is equal to the product of the absorbed dose in r-ads
arrda quality factor and a distribution factor.

remedial investigation
A detailed technical smdy of the ~pe and extent of contamination at a particular site, including
alternatives for cleanup.

riparian
Pertaining to the banks of a body of water.

risk
In accident analysis, a measure of the impact of an accident considering the probability of the
accident occurring mrd the consequences if it does occur (risk = probability Y consequences),

risk assessment
An analytical study of the probability arrd magnitude of harm associated with a physical or
chemical agent, activi~, or occurrence. A risk assessment defines the risk posed to human
health and/or the environment by the presence of certain pollutants.

risk-based analysis

runoff

See risk assessment.

The portion of rainfall, melted snow, or irrigation water that flows across the ground surface and
eventually is returned to water bodies. Runoff can carry pollutants or harmless chemical
constituents into receiving waters.
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scrub-shrub wetlands
Wetland areas dominated by woody vegetation less than 6 meters (20feet) tall, includingshrubs,
young trees, and trees and shrubs that are small or stunted due to environmental conditions.

sedimentation
The settling of excess soil and mineral solids of small particle size (silt) contained in water.

seepage basin
An excavation that receives wastewater. Insoluble materials settle out on the floor of the basin
and soluble materials seep with the water through the soil column where they are removed
partially by ion exchange with the soil. Construction may include dikes to prevent overflow or
surface rurrofi

semivolatiles

seston

Tc

shield

silt

Organic substances that partially evaporate at normal temperatures and pressures.

The tiny plants and animals (i.e., plankton) and the nonliving particulate matter floating in a
body of water.

Material used to reduce the intensi~ of radiation that would irradiate personnel or equipment.

Sediments with particle sizes between sand and clay.

siltation
The act of depositing sediment, as by a river.

slope factor
Radionuclide-specific lifetime average cancer incidence risk factors per unit intake or exposure
usually expressed in picocuries for inhalation and ingestion pathways and picocuries per gram
for direct exposure from contaminated soil.

solvent
A substance, usually liquid, that can dissolve other substances.

stakeholder
Any person or organization with an interest in or affected by DOE activities. Stakeholders may
include representatives from Federal agencies, State agencies, Congress, Native American
Tribes, unions, educational groups, industry, environmental groups, other groups, and members
of the general public.

standby (cold standby)
Facility is maintained in a protected condition to prevent deterioration such that it Cm be brought
back into operation.

strata
A series of individual sedimentary beds or layers,
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stratigraphy
Branch of geologic science concerned with the description, organization, and classification of
layered rock units and associated non-layered rock units.

substratum
In reference to the layer of soil directly below the top soil

Superfund
A trust fund established by the Comprehensive Environmental Response, Compensation, and
Liability Act and amended by tie Superfimd Amendment and Reauthorization Act that finances
long-term remedial action fo~ hazardous waste sites.

surface water
All the water on the Earth’s surface (streams, ponds, etc.), as distinguished from groundwater,

which is below the surface.

su~lcial deposit
Most recent geological deposit lying on bedrock or on or near the earth’s srnface

terrain
Area of ground considered as to its extent sod natural features in relation to its use in a particular
operation.

thermal stratification
Well-defined horizontal water temperature zones in a lake or pond

topography
Thegeneral configuration ofasufiace including its relief. This term mayapplytoa lander
water-bottom surface.

toxici~
The quality or degree of being poisonous or harmful to plant or animal life.

transmissivity
The ability of aqul~er to transmit water through the vertical plane of arr aquz~er.

Triassic
The early (i.e., oldest ) of three periods of geologic time within the Mesozoic Era.

turbidity
The degree to which water is muddied or clouded by suspended sediments.

vadose zone
The volume of rock and soil that is above the saturated zone.

volatile organic compounds
An organic compound with a vapor pressure greater tharr 0.44 pounds per square inch at standard
temperature arrd pressure.
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volatilized
Caused to pass off as a vapor.

waste acceptance criteria
Criteria put forth by a waste management facili~ which defines the waste it will accept.

waste certification criteria
Criteria that must be met for transport, treatment, and disposal of waste.

waste minimization
Reduction of waste before treatment, storage, or disposal by source reduction or recycling
activities.

water quality standard
Provisions of state or Federal law that consist of a designated use or uses for the waters of the
United States and water quality standards for such waters based upon those uses. Water quality
standards are used to protect the public health or welfare, enhance the quality of water, and serve
the purposes of the Clean Water Act.

watershed
The area drained by a given stream.

wind rose
A map showing the direction and magnitude of the wind.
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A. UNITED STATES CONGRESS

A.1 Senators from Affected and Adjoining States

The Honorable Paul Coverdell
United States Senate

The Honorable Ernest F. Hollings
United States Senate

A.2 United States Senate Committees

The Honorable Strom Thmmond
Chaimran
Committee on Armed Services

The Honorable Ted Stevens
Chairman
Committee on Appropriations

The Honorable Robert Smith
Chaimran
Subcommittee on Strategic Forces
Committee on Armed Services

The Honorable Pete V. Domenici
Chairman
Subcommittee on Energy and Water

Development
Committee on Appropriations

The Honorable Max Cleland
United States Senate

The Honorable Strom Thumrond
United States Senate

The Honorable Carl Levin
Ranking Minority Member
Committee on Armed Services

The Honorable Robert C. Byrd
Ranking Minority Member
Committee on Appropriations

The Honorable Jeff Bingaman
Ranking Minority Member
Subcommittee on Strategic Forces
Committee on Armed Services

The Honorable Ha~ Reid
Ranking Minority Member
Subcommittee on Energy and Water

Development
Committee on Appropriations

A.3 United States House of Representatives from Affected and
Adjoining States

TheHonorableJames E. Clybum The Honorable Cynthia McK]nney
U.S. House of Representatives U.S. House of Representatives

The Honorable Nathan Deal The Honorable Charlie Norwood
U.S. House of Representatives U.S. House of Representatives

The Honorable Lindsey Graham The Honorable Mark Sanford
U.S. House of Representatives U.S. House of Representatives

The Honorable Jack Kingston The Honorable Floyd Spt ace
U.S. House of Representatives U.S. House of Representatives
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The Honorable John M. Spmtt, Jr.

U.S. House of Representatives

A.4 United States House of Representatives Committees

The Honorable Floyd Spence
Chairman
Committee on National Security

The Honorable Bob Livingston
Chairman
Committee on Appropriations

The Honorable Duncan Hunter
Chairman
Subcommittee on Military Procurement
Committee on National Security

The Honorable Joseph M. McDade
Chairman
Subcommittee on Energy and Water

Development
Committee on Appropriations

The Honorable Ronald V. Dellums
Ranking Minority Member
Committee on National SecuriV

The Honorable David Obey
Ranking Minority Member
Committee on Appropriations

The Honorable Ike Skelton
Ranking Minority Member
Subcommittee on Military Procurement
Committee on National Security

The Honorable Vic Fazio
Ranking Minority Member
Subcommittee on Energy and Water

Development
Committee on Appropriations

B. FEDERAL AGENCIES

Mr. Don Klima Chief
Director, Eastern Office Office of Environmental Policy
Advisory Council on Historic Preservation U.S. Army Corps of Engineers

Mr. Robert Fairweatier Mr. Clarence Ham
Chief Charleston District
Environmental Branch U.S. Army Corps of Engineers
OffIce of Management and Budget

Colonel R, V. Locurio
Ms. Mary Elizabeth Hoinkes Commander
General Counsel Savannah District
U.S. Arms Control and Disarmament Agency U.S. Army Corps of Engineers

Major General R. M. Bunker Lt. Colonel James T. Scott
Division Engineer District Engineer
South Atlantic Division Charleston District
U.S. Army Corps of Engineers U.S. Army Corps of Engineers

Mr. David Crosby State Conservationist
Savannah District Natural Resources Conservation Service

U.S. Army Corps of Engineers U.S. Department of Agriculture
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Director
Southeast Region
National Marine Fisheries Service
National Oceanic and Atmospheric

Administration
U.S. Department of Commerce

Ms. Jane Bobbitt
Assistant Secretary
Legislative and Intergovernmental Affairs
U.S. Department of Commerce

Mr. Larry Hardy
Area Supervisor
Habitat Conservation Division
Southeast Region
National Marine Fisheries Service
National Oceanic and Atmospheric

Administration
U.S. Department of Commerce

Mr. Andreas Mager, Jr.
Assistant Regional Director
Habitat Conservation Division
Southeast Region
Natiorral Marine Fisheries Service
National Oceanic and Atmospheric

Administration
U.S. Department of Commerce

Mr. Charles Oravetz
Chief
Protected Species Management Branch
Southeast Regional Office
National Marine Fisheries Service
National Oceanic and Atmospheric

Administration
US. Department of Commerce

Mr. Waynon Johnson
Coastal Resource Coordinator
National Oceanic and Atmospheric

Administration
HAZMAT

Mr. Harold P. Smith, Jr.
Assistant to the Secretary for Nuclear and

Chemical and Biological Defense Programs
U.S. Department of Defense

Mr. Kenneth W. Holt
NEPA Coordinator
Centers For Disease Control and Prevention
U.S. Department of Health and Human Services

Mr. Willie R. Tavlor
Director “
Office of Environmental Policy and Compliance
U.S. Department of tie Interior

Mr. Glenn G. Patterson
District Chief
Water Resources Division
Geological Survey
U.S. Department of Interior

Ms. Elizabeth A. Nolan
Director
Office of Intergovernmental and External

Affairs
U.S. Department of Energy

Mr. Marte B. Kent
Director
OffIce of Regulatory Analysis
Occupational Safety and Health Administration
U.S. Department of Labor

Mr. Michael W. Conley
Deputy Inspector General
Office of Deputy Inspector General for

Inspections
U.S. Department of Energy

Ms. Judith D. Gibson
Assistant Inspector General for Policy, Planning

and Management
Office of Inspector General
U.S. Department of Energy

Admiral Bruce Demars
Director
Office of Naval Reactors
U.S. Department of Energy

Mr. Greg Masson
U.S. Fish and Wildlife Service
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Mr. John G. Irwin
Forest Manager
Savannah River Forest Station
U.S. Department of Agriculture

Mr. Daniel A. Dreyfus
Director
OffIce of Civilian Radioactive Waste

Management
U.S. Department of Energy

Mr. Neal Goldenberg
Director
Office of Nuclear Safety, Policy and Standards
U.S. Department of Energy

Ms. Mary Puckett
Albuquerque Operations Office
U.S. Depattnrent of Energy

Mr. John E. Scorah
Operations Division
Office of the Deputy Assistaot Secre~ for

Nuclear Materials mzdFacility Stabilization
U.S. Deptiment of Energy

Mr. Jeffrey M. Steele
Office of Naval Reactors
U.S. Department of Energy

Mr. Anthony Adduci
NEPA Complimrce Officer
Oakland Operations Office
U.S. Department of Energy

Mr. Dave Huizenga
OffIce of Safety and Health
OffIce of the Assistant Secretary for

Environmental Management
U.S. Department of Energy

Mr. Thomas E. McNamara
Assistant Secretary
Bureau of Political Military Affairs
U.S. Department of State

Mr. Mike Amett
Region IV
U.S. Environmental Protection Agency

Mr. Jeff Crane
SRS Remedial Project Manager
Region IV
U.S. Environmental Protection Agency

Mr. Rusty Jeffers
U.S. Fish & Wildlife Service
U.S. Department of the Interior

Mr. Joseph R. Fmnzznathes
Assistant Regional Administrator
Oftice of PoIicy mrd Management
Region IV
U.S. Environmental Protection Agency

Mr. David Hohoyd
Federal Facilities Coordinator
Federal Activities Branch
Office of Policy and Management
Region IV
U.S. Environmental Protection Agency

Mr. Greer C. Tidwell
Administrator
Region IV
U.S. Environmental Protection Agency

Mr. Hei~ Mueller
Environmental Policy Section
Federal Activities Bmnch
OffIce of Policy mzdManagement
Region IV
U.S. Environmental Protection Agency

Ms. Camilla Wmen
Chief
DOE Remedial Section
Region IV
U.S. Environmental Protection Agency

Mr. Carl J. Paperiello
Director
Nuclesr Material Safety Safeguards
U.S. Nuclear Regulatory Commission

Mr. Ken Clink
Region 11Public Affairs Officer
U.S. Nuclear RegulatoW Commission
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Technical Libra~
Battelle-Pacific Northwest Laboratories
(U.S. Department of Energy Laboratory)

Mr. Bob Verlad
Chief Council
Argonne National LaboratoW
(U.S. Department of Energy Laboratow)

Argonne National Laboratory
(U.S. Department of Energy Laboratory)

Dr. Anthony Dvorak
Argonne National Laboratory
(U.S. Department of Energy Laboratory)

Ms. Andrea Richmond
Oak Ridge Operations Office

Mr. David W. Templeton
DOE-Rlchland

Mr. Donald A. McClure
Los Alamos National Laboratory
(U.S. Department of Energy Laboratory)

Ms. Ann Pendergrass
Los Akmros National Laboratory
(U.S. Department of Energy Laboratory)

Ms. Jocelyn Marrdell
Los Alamos National Laboratory

(U.S. Department of Energy Laboratory)

Mr. J. R. Trabalka
Oak Ridge National Laboratory
(U.S. Department of Energy Laboratory)

Mr. Philip H. K1er Ms. Mary Young

Argonne National Laboratory Sandia Laboratory
(U.S. Department of Energy Laboratory) (U.S. Department of Energy Laboratory)

Ms. Mary Raivel Mr. Richard H. Engelmann
Argonne National Laboratory Westinghouse Hanford
(U.S. Department of Energy Laboratory) (U.S. Department of Energy Laboratory)

Dr. Libby Stun Mr. Gregory P. Zimmermarr
Argonne National Laboratory Oak Ridge Laboratory
(U.S. Department of Energy Laboratory) (U.S. Department of Energy Laboratory)

Mr. Steve FoIga Mr. Alan Smith
Argonne National Laboratory Oak R]dge Laboratory
(U.S. Department of Energy Laboratory) (U.S. Department of Energy Laboratory)

Technical Library Mr. Jeff Robins
Argonne National Laboratory Albuquerque Operations Office
(U.S. Department of Energy Laboratory)

C. STATE OF SOUTH CAROLINA

C.1 Statewide Offices and Legislature

The Honorable David M, Beasley The Honorable Charles Condon
Governor of South Carolina Attorney General

The Honorable Bob Peeler
Lieutenant Governor of South Carolina
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Ms. Omeagia Burgess The Honorable Rudy M. Mason
Grarrt Services South Carolina House of Representatives
Office of the Governor

The Honorable Charles Sharpe
Dr. Fred Carter South Carolina House of Representatives
Senior Executive Assistant of Finance and

Administration The Honorable Wilbur L. Cave
Office of Executive Policy and Programs South Carolina House of Representatives

Ms. Robyn Zimmerman The Honorable James L. Mann Cromer, Jr.
Press Secretary South Carolina Joint Legislative Committee on
Office oftbe Governor Energy

Mr. Douglas McKay, III The Honorable Phil P. Leventis
Senior Executive Assistant for Economic Chairman

Development Committee on Agriculture& Natural Resources
Oftice of The Governor South Carolina Senate

Mr. Richard B. Scott, III The Honorable Thomas L. Moore
Office of the Governor South Carolina Joint Legislative Committee on
Division of Economic Development Energy

Mr. Warren Tompkins Tire Honorable Harvey S. Peeler, Jr.
Chief of Staff South Carolina Joint Legislative Committee on
OffIce of the Governor Energy

The Honorable Holly A. Cork The Honorable Thomas N. Rhoad
South Carolina Senate Chairman

Committee on Agriculture, Natural Resources&
The Honorable Greg Ryberg Environmental Affairs
South Carolina Senate

The Honorable John L. Scott
The Honorable John Matthews, Jr. South Carolina Joint Legislative Committee on
South Carolina Senate Energy

The Honorable William Clybum Research Director
South Carolina Senate South Carolina Joint Legislative Committee on

Energy

The Honorable Thomas S. Beck
South Carolina House of Representatives

C.2 State and Local Agencies and Officials

The Honorable Fred B. Cavanaugh, Jr. The Honorable H. Creech Sanders
Mayor of Aiken Mayor of Bamwell

The Honorable Robbie Dix The Honorable Paul Parker

Mayor of Allendale Mayor of New Ellenton
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The Honorable David M. Taub
Mayor of Beaufort

The Honorable Jackie Holmmr
Mayor of Blackville

The Honorable Charles E. Riley
Mayor of Fairfax

The Honorable John Rhoden, Jr.
Mayor of Hampton

The Honorable Thomas Peeples
Mayor of Hilton Head Iskmd

The Honorable Paul K. Greene
Mayor of Jackson

The Honorable Thomas W. Greene
Mayor of North Augusta

The Honorable E. T. Moore
Mayor of Snelling

The Honorable Thomas R. Rivers
Mayor of Williston

Dr. George Vogt
South Carolina Department of Archives and

H1stOry

Commissioner
South Carolina Department of Health and

Environmental Control

Mr. M. K. Batavia, PE
South Carolina Department of Health and

Environmental Control

Mr. Ronald Kinney
South Carolina Department of Health and

Environmental Control

Ms. Sharon Cribb
Nuclear Emergency Planning
Bureau of Solid and Hazardous Waste
South Carolina Department of Health and

Environmental Control

Chief
Bureau of Air Quality Control
South Carolina Department of Health and

Environmental Control

Chief
Bureau of Drinking Water Protection
South Carolina Department of Health and

Environmental Control

Mr. Ahon C. Boozer
Chief
Bureau of Environmental Quality Control Labs
South Carolina Department of Health and

Environmental Control

Chief
Bureau of Radiological Health
South Carolina Department of Health arrd

Environmental Control

Mr. Ed Burgess
Aiken Regional Office
South Carolina Department of Commerce

Chief
Bureau of Solid and Hazardous Waste

Marragement
Soudr Carolina Department of Health and

Environmental Control

Mr. Alan Coffey
Bureau of Solid& Hazardous Waste

Management
South Carolina Department of Health and

Environmental Control

Mr. G. Kendall Taylor
Division of Hydrogeology
Bureau of Solid arrd Hazardous Waste
South Carolina Department of Health and

Environmental Control

Ms. Mya Reece
Director, Lower Savamrah District Office
South Carolina Department of Health and

Environmental Control
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Chief
Bureau of Water Pollution COn@oI
South Carolina Depament of Health and

Environmental Control

Mr. Lewis Shaw
Deputy Commissioner
Environmental Quality Control
South Carolina Department of Health and

Environmental Control

Ms. Frances Arm Ragan
Federal Facili& Liaison
Environmental Quality Control
South Carolina Department of Health and

Environmental Control

Mr. Danny W. Hanson
South Carolina Department of Health arrd

Environmental Control

Mr. Virgil Arrtry, Director
Division of Radioactive Waste Management
South Carolina Department of Health arrd

Environmental Control

Mr. Russell Berry
South Carolina Department of Health and

Environmental Control

Mr. Harry Mathis
Assistarrt Bureau Chief
Bureau of Solid and Hazardous Waste

Management
South Carolina Department of Health and

Environmental Control

Mr. Keith A. Collinsworth
Federal Facility Agreement Section Manager
South Carolina Dep~ent of Health and

Environmental Control

Ms. Sally C. Knowles
Director
Division of Water Quality
South Carolina Department of Health and

Environmental Co.Itrol

Allendale County Administrator

Aiken County Administrator

Deputy Director
Water Resource Commission
State of SOutfI Carolina

Governors Energy Education Program
OffIce of the Governor

Mr. William L, McIIwain
South Carolina Project Notification and Review
South Carolina Department of Highways and

Public Transportation

Mr. Dean Moss
General Manager
Beaufort-Jasper (SC) Water mrd Sewer

Authority

Assistant Commissioner
South Carolina Department of Agriculture

Director
Low Courrby Council of Governments

State Geologist
South Carolina Geological Suwey

Chairman of the Board
Beaufort-Jasper Water& Sewer Authority

Director
Souti Carolina State Development Board

Legal Council
Water Resources Commission
State of South Carolina

Chairman
Allendale City Council

Mr. Robert E. Duncan
Environmental Programs Director
South Carolina Department of Natural

Resources

Administrator
Beaufort County
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Mr. Bob Graham

Aiken County Emergency Services
Mr. W. M, Dubose, 111
Director of Preconstruction

South Carolina Department of Highways and

Public Transportation

Dr. Linda B. Eldridge

Superintendent
Aiken County Public Schools

Mr. Frank Brafman
Hilton Head Town Council

Mr. John Gross
Town of Hilton Head

Dr. James Green
Assistant Superintendent for Administrative

Area 4
Alken County Public Schools

Mr. W. A. Gripp
Administrator
Bamwell County Council

Ms. Grace McKown
Associate Director
National Business Development
South Carolina State Development Board

Ms. Beth Partlow
Governors Division of Natural Resources
South Carolina Project Notification and Review
Office of the Governor

Mrs. Peggy Reinhart
Barnwell County Office

Mr. Eric Thompson
Lower Savannah Regional Planning and

Development Council
South Carolina Project Notification and Review
Office of the Governor

Mr. Jack Smith
Staff Attorney
Bureau of Ocean and Coastal Resource

Management
South Carolina Department of Health and

Environmental Control

Mr. Ian D. Hill
Intergovernmental Review Coordinator
State Historic Preservation Office
South Carolina Department of Archives and

History

D. STATE OF GEORGIA

D.1 Statewide Offices and Legislature

The Honorable Zen Miller
Governor of Georgia

The Honorable Pierre Howard
Lieutenant Governor of Georgia

The Honorable Michael Bowers
Attorney General

The Honorable Donald E. Cheeks
Georgia Senate

The Honorable Eric Johnson

Georgia Senate

The Honorable Charles W. Walker
Georgia Senate

The Honorable Ben Allen
Georgia House of Represenmtives

The Honorable Jack Connell
Georgia House of Representatives

The Honorable George DeLoach
Georgia House of Representatives
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The Honorable Hugh M. Gillis, Sr.

The Honorable Henry L. Howard Chairman

Georgia House of Representatives Committee on Natural Resources
Georgia Senate

The Honorable Ben L. Harbin
Georgia House of Representatives

The Honorable Robin L. Williams
Georgia House of Representatives

D.2 State and Local Agencies and Officials

The Honorable ~ Sconyers
Mayor of Augusta - Richmond County

The Honorable Floyd Adams, Jr.
Mayor of Savasmah

Tfre Honorable Robert Rnox
Mayor of Thomson

Administrator
Georgia State Clearinghouse
Office of Planning and Budget

Program Manager
Surface Water Supply
Georgia Department of Natural Resources

Director
Central Savannah River Area Planning and

Development Commission

Chairmaa
Chatharrr County Commission

Georgia Geologic Survey

Mr. James C. Hardeman, Jr. Director
Environmental Radiation Progmrns Writer Operations

Environmental Protection Di\,ision Industrial and Domestic Water Supply
Georgia Department of Natural Resources Commission

Mr. James Setser Mr. Dave Rutherford
Chief Metropolitan Planning Commission
Environmental Protection Division Savannah, GA
Georgia Department of Natural Resources

Mr. Moses Todd
Augusta - Richmond County Board of

Commissioners

E. NATURAL RESOURCE TRUSTEE, SAVANNAH RIVER SITE

Mr. James Setser Mr. Ronald W. Kinney, Director

Georgia Department of Natural Resources Waste Assessment and Emergency Response
Souti Carolina Department of Health and

Mr. Douglas E. Bryant, Commissioner Environmental Control

South Carolina Department of Health and
Environmental Control
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Dr. James A. Timmerrnan, Jr., Director

South Carolina Depa~ent of Natural
Resources

Mr. Douglas L. Novak
South Carolina Office of the Governor

Ms. Denise Klimas
National Oceanic and Atmospheric

Administration
U.S. Environmental Protection Agency
Waste Division
Mr. Clarence Ham, Chief
Regulatory Branch
Corps of Engineers, Charleston District
Department of the Army

Mr. A. B. Gould, Jr., Director
DOE-SR Environmental Quality Management

Division
Savannah River Operations Office

Mr. James H. Lee
Regional Environmental Officer
U.S. Department of Interior

Mr. David Holroyd
DOE Environmental Coordinator
U.S. Environmental Protection Agency
Region IV

F. NATIVE AMERICAN GROUPS

The Honorable Gilbert Blue The Honorable Bill S, Fife
Chairman Principal Chief
Catawba Indian Nation Muscogee (Creek) Nation

The Honorable Tony Hill, Micco
Tribal Town Center Organization

G. CITIZENS ADVISORY BOARD MEMBERS

Mr. William Adams

Mr. Arthur Beige

Mr. Thomas W. Costikyan

Mr. Bill Donaldson

Ms. Mary Elfner

Mr. Ken Goad

Mr. Jon Hollingsworth

Ms. Brendolyn L. Jenkins

Mr. Thelonious A. Jones

Mr. J. Walter Joseph

Mr. William F. Lawless
Department of Mathematics
Paine College

Ms. Ann G. Loadholt

Mr. Jimmy Mackey

Ms. Suzanne Matthews

Ms. Kathryn May

Ms. Jo-Ann Nestor

Mr. Lane D. Parker

Ms. Karen Patterson

Dr. Kamaiakar B. Raut
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I
Ms. Deborab Simone Ms. Beaurine H. Wilkins

I

Ms. Perjetta K. Smith Ms. Rebecca Gaston-Witter

Mr. J. Ed Tant Mr. Vernon Zinnennan
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H. ENVIRONMENTAL AND PUBLIC INTEREST GROUPS

H.1 National

Mr. Bill Cunningham
Secretary-Treasurer
AFL-CIO
Washington, D.C.

Mr. Frederick Krupp
Executive Director
Environmental Defense Fund, Inc
National Headquarters
New York, NY

Mr. Thomas V. Cochran
Director
Nuclear Programs
Natural Resources Defense Council
Washington, D.C.

Mr. Steven Dolley
Research Director
Nuclear Control Institute
Washington, D.C.

Mr. Joseph Goffman Mr. Paul Schwartz

Environmental Defense Fund, Inc. National Campaigns Director

Capital Office Clean Water Action Project

Washington, D.C. Washington, D.C.

Mr. Daryl Kimball
Physicians for Social Responsibility
Washington, D.C.

Dr. Brent Blackwelder
President
Friends of the Earth
Washington, D.C.

Mr. Tom Clements
Greenpeace
Washington, D.C.

Ms. Sharon Lloyd-O’Connor
Manager
Nuclear Waste Education Project
League of Women Voters
Washington, D.C.

Mr. Mark Van Putten
President and Chief Executive Officer
National Wildlife Federation
Vienna, VA

Ms. Tamar Osterrnan
Dir,’ctor of Government Affairs
National Trust for Historic Preservation
Washington, D.C.

Mr. Larry Thompson
Regional Vice President
Southeast Region
National Audubon Society
Tallahassee, FL

Mr. David Bradley
National Community Action
Washington, D.C,

Ms. JoAnn Chase
Executive Director
National Congress of American Indians
Washington, D.C.

Mr. Alex Echols
Deputy Director
National Fish and Wildlife Foundation
Washington, D.C.

Mr. Brian Costner
Director
Energy Research Foundation
Columbia, SC

Ms. Karina Holyoak Wood
Peace Action Education Fund
Washington, D.C.
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Mr. Thomas F, Donnelly
Executive Vice President
National Water Resources Association
Arlington, VA

Mr. Alden Meyer
Director
Government Relations
Union of Concerned Scientists
Washington, D.C.

Ms. Anna Aurillo
Staff Scientist
U.S. Public Interest Research Group
Washington, D.C.

Ms. Diane Jackson
Administrative Assistant
Ecology & Economics Research Department
The Wilderness Society
Washington, D,C.

H.2 State and Local

Ms. Qasimab P. Boston
Citizens for Environmental Justice
Savannah, GA

Ms. Amanda W. Everette
Greenpeace U.S.A., Inc
Savannah, GA

Ms. Carol Eldridge
Augusta Audubon Society
Jackson, SC

Mr. Ronnie Geiselhart
Chamber of Commerce of Greater North

Augusta
North Augusta, SC

Ms. Charlotte Marsala
Resident Home Owners Coalition
Hilton Head Island, SC

Dr. Mary T. Kelly
League of Women Voters of South Carolina
Columbia, SC

DOE/EIS-0268

Ms. Maureen Eldridge
Program Director
Military Production Network
Washington, D.C.

Mr. Thomas Franklin
Policy Director
The Wildlife Society
Bethesda, MD

Mr. Roberf Deegan
Sierra Club Nuclear Waste
Virginia Beach, VA

Dr. Mildred McClain
Citizens for Environmental Justice
Savannah, GA

Mrs. Joan O. King
20/20 Vision
Sautee Nacoochee, GA

Mr. Timothy Kulik
Georgians Against Nuclear Energy (GANE)
Stone Mountain, GA

Mr. Rod McCoy
Georgians Against Nuclear Energy (GANE)
Atlanta, GA

Dr. D. William Tedder
Associate Professor
School of Chemical Engineering
Georgia Institute of Technology
Atlanta, GA

Ms. Ruth Thomas
President
Environmentalists, Inc
Columbia, SC
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I. OTHER GROUPS AND INDMDUALS

Mrs. Mary Barton

Ms. Janet Bashaw

Mr. Sam W. Booher

R, P. Borsody

Ms. Sara Jo Braid

Dr. I. Lehr Brisbin, J]
Senior Ecologist
Savannah River Ecology Laboratory
University of Georgia

Ms. Elizabeth R. Brown
Charleston Deanery
South Carolina Council of Catholic Woman

Mr. Roddie Burris
Staff Writer
Aiken Standard

Mr. Tim Connor
Associate Director
Ener=~ Research Foundation

K. G. Craigo

Mr. Todd V. Crawford

Mr. Turgay Dabak
Tetm Tech

Mr. John Dimarzio

Mr. David L. Dunn

Mr. Dave Ecklund

Ms. Rlta Fellers
Department of Geography
UnivHsiW of North Carolina at Chapel Hill

Ms. Cassandra Fralix

Mr. John Geddie

Ms. Pattie Gillespie
Bureau of Reclamation

Mr. Don Gordon

Ms. Kathleen Gore
Exploration Resources

Mr. Johnny Grant, Jr.
Lamb Associates Inc.

Ms. Johnna Gregory

Mr. Jan Hagers

Ms. Regina Haines

Mr. Robert L. Hallmarr

Ms. Deborah S. Hamrick

Mr. Charles H. Harris

Mr. Phillip Hudgins

Mr. Chris Hunter
The Environmental Company Inc.

Mr. Matthew Hunter

Ms. Susan Issacs

Ms. Carole K. Jensen

Ms. Gail F. Jemigan

Ms. Beverly Johnson
Marrgi Environmental Group

Mr. Paul ~ch
Dynamac Corporation

Mr. Thomas L. Lippert
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Mr. David Losey

Ms. Elizabeth McBride

Ms. Trish McCracken

Mr. Frank McDonald

Mr. Michael F. McGowan
Geological Environmental Consultant

Mr. James William Morris

Mr. Arthur Moury

Mr. Richard Moyer
SAIC

Mr. Robett Mullins
Hull Law Firm

Mr. Peter L. Nowacki

Mr. Donald A. Orth

Ms. Jean Pasqualo

Mr. Jeff Petraglia

Mr. John Petring
Ogden Environmental and Energy Services Co.

Mr. Alan L. Plucinik
Ageiss Environmental Inc.

Mr. W. Lee Poe

Mr. Wa~e Rickmarr
Sonlysts Inc.

Mr. Doug Rosinski

Ms. Ruth Salts
Nuclear Fuel Services

Dr. Harry E. Shealy, Jr.

Professor of Biology

University of South Carolina at Aiken

Mr. John O. Shipman

Mr. Edward S. Syrjala

Ms. Sue Tripp

HAZMED

Ms. Linda Vansickle

Exploration Resources

Dr. David H. Vomacka

Mr. Martin Vorum
Advanced Sciences Inc.

Mr. Jim Wanzeck

Mr. Frank S. Watters

Ms. Terri West

Mr. Sughm M. Westbury, Jr.

Dr. F. Ward Whicker
Radiological Health Sciences
Colorado State University

Mr. Gary R. Wein
Savannah River Ecology Laboratory
Universi~ of Georgia

Dr. Abe =Itomr
SAIC
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J. READING ROOMS AND LIBRARIES

Freedom of Information Public Document
Room

University of South Carolina at Aiken
Aiken. SC

Ms. Felicia Yeh
Technical Services Librarian
Souti Carolina State Library

Freedom of Information Reading Room
U.S. Department of Energy, Forrestal Building
Washington, DC.

Librarian
Government Documents Department
Spartanburg County Library

Librarian
Orangeburg County Free Libr~

Ms. Carol Whittstock
Colorado State University
Library: Documents Department

Public Reading Room
Idaho Operations Office
Idaho Falls, ID

Ms. Lenore Grossinger
U.S. Department of Energy
Energy Library
Germantown, MD
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INDEX

A

aesthetics, S-1 1, 3-18, 4-1, 4-23,4-59,4-120,

4-156,4-188, E-74

aesthetics, S-1 1, 3-18,4-1,4-23,4-188, E-74

L-Lake, 4-5934-60,4.61,4-623 4-63,4-643

4-65,4-120

Onsite streams, 4-120

SRS streams, 4-120

Par Pond, 4-59,4-120,4-156,

air resources, 4-1, 4-136,4-183, 5-10

L-Lake, 4-31,4-36,4-37,4-38, 4-107,

4-108,4-137,4-138,4-185

SRS streams, 4-107,4-137

Par Pond, 4-107,4-108,4-136,4-137,

4-138,4-185

aquatic ecology, S-9, 3-16, 4-38,4-42, 4-51,

4-52,4-108,4-115,4-140, 4-142, B-15

aquatic macrophyte, 4-44,4-49, 4-50, 4-51,
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Atomic Energy Act, 5-1, 5-2,5-8

B
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cesium, 1-7, 4-4, 4-17, 4-21,4-24,4-36,4-38,

4-67,4-69,4-71,4-72, 4-74,4-123,

4-124,4-130,4-137,4-139, 4-142,

4-151,4-156,4-160,4-162,4-185,5-6,

A-3, A-6, A-7, A-11, A-12, A-13, A-14,

B-36, B-38, B-39, B-48, B-49, B-50,

B-51, B-53, B-55, B-57, C-2, C-36,

C-37, C-39, C-40, C-41 , E-32, E-45,

E-50, F-2, F-3

characteristics of dre alternatives, S-5, S-6, 3-13

Clean Air Act, 5-10

Clean Water Act, 4-18,4-42,4-44,4-130,

4-140,4-141,5-7, 5-8

cobalt, 4-36, 4-38, 4-72,4-123, 4-124, 4-137,

4-139>4-162,4-185, A-3, A-6, B-7,

B-8, B-93 B-1 O,B-38, B-40, B-47, B-49,

B-53, C-36, C-37, C-39, C-40, C-41,

F-2

Comparison of tie impacts of the alternatives

for the River Water System, S-7, 3-14

Comprehensive Environmental Response,

Compensation, and Liability Act, S-8,

S-11, 1-7, 1-8,3-2,3-6,3-15,3-18,

4-17,4-26,4-314-130, 4-184,5-2,5-3,

5-435-635-7, A-1, A-2, A-9, A-10, E-4>

E-5, E- I5, E-48, E-49, E-59>E-60,

E-61, E-62, E-63, E-73, E-743 E-78>

E-92, E-93, E-99, E-1OO,F-1

connected actions, A-1

cultural resources, 4-2, 5-12, 5-13, E-90

Cumulative costs, 3-11

cumulative impacts, 1-7,4-2, 4-183,4-185, A-1,

E-48
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E

EcolOgy, S-9, 3-16,4-190> B-16, B-37, B-48,

B-54, B-56, B-573 D-36, E-2, E-6, E-7,

E-36, E-46, E-70, E-98

L-Lake, 4-38,4-39,4-40,4-41, 4-42,4-43,

4-44,4-45,4-46>4-47, 4-48,4-50,

4-51,4-52,4-53,4-54> 4-55,4-56,

4-108,4-110,4- 111,4-113,4-114>

4-115,4-116,4-117,4-118,4-138,

4-141,4-144,4- 145,4-146,4-147,

4-148,4-150,

Onsite streams, 4-119

SRS streams, 4-111,4-117,4-119,4-150

Par Pond, 4-41,4-42,4-49,4-52, 4-53,4-55,

4-108,4-110,4-111,4-115,4-116,

4-117,4-118,4-119,4-138,4-139,

4-140,4-141,4-142,4-143, 4-144,

4-145,4-146,4-147,4-148, 4-149,

4-150

ecological risk, B-3, B-1 5, B-18, B- 19, B-20,

B-21, B-38, B-49, B-50, B-5 1, B-52,

B-53, E-1, E-4, E-59, E-62, E-93, E-99,

F-3

Emergency Piaming and CommuniV

Right-to-Know Act, 5-7

endangered species, 4-38,4-139, 4-142,4-144,

4-149,4-183,4-188, 5-11, B-9, E-4,

E-6, E-I7, E-20, E-253 E-93, E-98

entrainment and impingement, 4-47, 4-54, E-92

environmental justice, 4-2, 4-574-175,4-176,

4-179,4-182,5-12

erosion, S-4, S-7, 3-4, 3-5, 3-14, 4-2, 4-16, 4-17,

4-22,4-23,4-48,4-53, 4-54,4-5634-59,

4-84,4-89,4-91,4-106, 4-111,4-112,

4-114,4-131, A-9, E-8, E-23, E-25,

E-36, E-37, E-38, E-45, E-473 E-59,

E-61, E-63, E-78

Executive Order 12898,4-2,4-175,4-176, 5-12

Executive Orders 11990 and 11988,5-11

external radiation levels, 4-70

F

Federal Facility Agreement, S-2, 1-7,3-7,3-12,

4-184,5-2,5-3,5-4,5-6, A-1, A-2, A-3,

A-6, A-7, A-9, A-15, A-16, E-4, E-8,

E-15, E-45, E-46, E-48, E-493 E-50,

E-51, E-593 E-60, E-61, E-62, E-63,

E-92, E-93, F-1

firewater, E-6

first confined aquifer, 4-24,4-26,4-28,4-29,

4-31,4-107,4-135,4-136

future missions, 1-6,4-58, E-4, E-5, E-92

G

general poverty characteristics of population,

4-176

general racial characteristics of population,

4-175

geology and soils, S-7, 3-14,4-1,4-16,4-26,

4-130

L-Lake, 4-4,4-6,4-7,4-8,4-9, 4-12,4-17,

4-89,4-131

SRS streams, 4-4,4-89,4-91

Par Pond, 4-4,4-6,4-8,4-9,4-14, 4-15,

4-16,4-89,4-91,4- 130>4-131

geomorphology, 4-4
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hydrology, 3-3,5-3, E-46
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resources, 4-2, 4-189, E-63
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land use, S-1 1,3-18,4-1,4-77,4-80, 4-82,4-83,

4-84,4-85,4-86,4-127, 4-162>4-163,

4-164,4-165,4-167,4-168, 4-170>
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SRS streams, 4-119

Par Pond, 4-57,4-119,4-155

layup options, 3-8,3-9,3-11, E-45, E-73, E-92
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3-9
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4-154,4-162,4-163,4-165, 4-167,

4-170,4-171,4- 173,4-175,4-176,

4-179,4-182,4-185,5-10, A-4, B-5,

C-1, C-4, C-5, C-6, C-11, C-13, C-16,

C-17, C-18, C-19, C-20, C-26, C-27,

C-28, C-29, C-30, C-3 1, C-32, C-33,

C-37, C-39>C-40, C-41 , C-46, C-50,

C-52, C-54, C-593 C-62, C-64, C-66,

C-70, C-71, C-75>E-3, E-1 1, E-32,

E-6 1, E-70, E-93

privatization, 4-58, E-3, E-4, E-7, E-37

promethium, 4-38,4-73,4-139

public healti, S- 10, 1-7,3-17,4-1,4-66,4-77,

4-84,4-120,4-125,4-156, 4-162,4-165,

4-170>4-183,5-6,5-10, E-50, E-74

pump to Par Pond, S-7, 3-2,3-6, E-5, E-46

purpose and need for action, 2-1

R

radiation doses, 4-66, 4-76,4-77, 4-176, B-17,

B-19, B-38, B-49, B-50, B-52, E-50
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radiation levels, 4-67, 4-70, 4-124, A-3

Radiological doses and resulting health effects,

4-80

refill L-Lake, S-2, 3-5, 3-7, E-49

relative abundance of L-Lake fish species, 4-45

releases ofcesium-137, 4-124

Resource Conservation and Recovery Act, 1-7,

1-8,4-184,5-2,5-3,5-4, 5-5,5-7, A-1>

A-2, E-483 E-59, E-93

restoration, S-1, 1-1, 1-7, 2-1,3-7, 3-12, 4-49,

4-55,4-56,4-58,4-146, 4-148,5-6,5-9,

E-4, E-6, E-25, E-36, E-37, E-47, E-63,

E-78

River Water System components subject to

remedial action under the Federal

Facili~ Agreement, 5-4

s

Safe Drinking Water Act, 5-9

socioeconomic, 4-1

soils, S-7, 3-14,4-1,4-4, 4-11,4-12, 4-13, 4-14,

4-15,4-16,4-17>4-20, 4-26,4-35>4-55,

4-77,4-89,4-91,4-108, 4-130,4-131,

4-140,4-153,4-160,4-188> 5-3, A-12,

A-14, B-3, B-4>B-5, B-7, B-8, B- 12,

B-14, B-15, B-16, B-29, B-33, B-34,

B-40, B-47, E-46, E-69, E-98, F-2

standby, S-1, S-2, S-5, 1-4, 1-6, 2-1, 3-1, 3-5,

3-6,3-9,3-10,3-12>4-1, 4-9,4-130,

4-47,4-89,4-91,4-95, 4-108,4-110,

4-128, E-3, E-5, E-13, E-37, E-49, E-73,

E-92

Stratigraphy, 4-9,4-91,4-130

stratigraphy, 4-9, 4-91,4-130

support new missions, 3-7

surface water, S-5, S-7, 3-6, 3-14, 3-15, 4-47,

4-67>4-75,4-77,4-80, 4-8234-86,4-88,

4-90,4-91,4-118,4-125, 4-126,4-138,

4-160,4-162,4-167,4-168, B-1, B-3,

B-4>B-5, B-7, B-10, B-12, B-13, B-15,

B-22>B-29, B-49>B-52, C-2, C-3, C-4,

C-5, C-7, C-8, C-26, C-273 C-28>C-29,

C-30, C-3 1, E-92

L-Lake, 4-17,4-18,4-19,4-20, 4-21,4-22,

4-23>4-24,4-9234-96, 4-99,4-102,

4-103,4- 106,4-107,4-131,4-133,

4-135

SRS streams, 4-91,4-107

Par Pond, 4-23,4-91,4-92,4-96, 4-103,

4-106,4- 107,4-131,4-132,4-133,

4-134,4-135

T

terrestrial ecology, S-9, 3-16,4-38,4-39,4-51,

4-52,4-108,4-139,4-142, 4-190, B-15

threatened and endangered species, 4-38,4-139,

4-142,4-144,4-183,5-3, 5-6, E-6,

E-25, E-93, E-98

traffic and transportation, 4-1

u

unavoidable adverse impacts, 4-2, 4-185, 4-188

uranium, 4-35,4-38,4-67, 4-72, 4-139, A-4, F-2

w

water quality parameters, 4-96,4-132
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water quality, s-4, S-7, 1-9, 3-3, 3-6, ~-1, 4-17,

4-18,4-21,4-23,4-25> 4-96,4-97>

4-100,4- 101,4-103 >4-131,4-132,

4-135,4-184,5-7,5-8, 5-9, B-13>B-21,

E-53E-46, E-50, E-78>E-98

water table aquifer, S-8, 3-15,4-24, 4-26, 4-27,

4-31,4-107,4-133,4-135

wetland community types, 4-48,4-113,4-114

wetlands ecolo8y, 4-47, 4-52, 4-55, 4-141,

4-190, E-70

wetlands, S-3, S-4, S-9, S-1 1, 3-16, 3-18, 4-2,

4-38,4-39,4-41,4-42, 4-46>4-47,4-48,

4-52,4-55,4-56,4-57, 4-59,4-89,

4-111 >4-113,4-115,4- 117,4-118,

4-119,4- 141,4-143,4-147,4-154,

4-156,4-183,4-190,5-11, 5-12, D-3,

D-6, D-7, D-8, D-35, E-3, E-6, E-36,

E-45>E-46, E-473 E-5 1, E-70, E-98,

E-101
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