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ABSTRACT: The purpose of this Environmental Impact Statement (EIS) is to provide
environmental input into both the selection of an appropriate strategy
for the permanent disposal of the high-Tevel radicactive waste (HLW)
currently stored at the Savannah River Plant (SRP) and the subsequent
decision to construct and operate a Defense Haste Processing Fac111ty
(DWPF) at the SRP site. The SRP is a major U.S. Department of Energy
(DOE) installation for the production of nuclear materials for national
defense. Approximately 83 x 10* m® (22 mi)lion gal) of HLW currently
are stored in tanks at the SRP site. The proposed DWPF would process
the liquid HLW generated by SRP operations into a stable form for
ultimate disposal. This EIS assesses the effects of the proposed
immobilization project on land use, air quality, water quality,
ecological systems, health risk, cultural resources, endangered
species, wetltands protection, resource depletion, and regional social
and economi¢ systems. The radiological and nonradiological risks of
transporting the immobilized wastes are assessed. The environmental
impacts of d1sposa1 alternatives have recently been evaiuvated in a
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FOREWORD

The purpose of this Environmental Impact Statement (EIS) is to provide environmental input

into both the selection of an appropriate strategy for the permanent disposail of the high-
level radioactive wastes currently stored at the Savannah River Plant (SRP) and the subse-
quent decision to construct and operate a Defense Waste Processing Facility (DWPF)} at the

SRP site. The proposed DWPF wouid process the Tiquid high-Tevel radicactive waste generated

by SRP operations into a stable form for ultimate disposal. The SRP is a major U.S. Department
of Energy (DOE) installation for the production of nuclear materials for national defense. The
high-level waste has been and is continuing to be safely stored in underground tanks. Continuous
surveillance and maintenance of the tanks ensure isolation of the waste from the environment.
Approximately 83 x 10° m* (22 million gal) of high-level waste currently are stored in these
tanks.

In May 1977, the Energy Research and Development Administration (ERDA) described technica!l
alternatives for processing SRP wastes together with preliminary cost estimates but did not
evaluate fully the environmental impacts associated with long-term management of these wastes.!
A Final Emvirowmental Impact Statement -- Long-Term Management of Defense High-Level Radioactive
Waste (Research and Development Program for Immobilization), Savanmah River Plant (Report
DOE/EIS-0023) was issued in November 1979% to present the environmental implications of con-
tinuing a large research and development (R&D) program directed toward the immobilization of
these wastes. The decision of DOE to continue the immobilization R&D program was announced in
February 1980.°

The R&D on immobilization of the SRP high-tevel wastes has been in progress since 1973.
Conceptual design of immobilization facilities began in 1975. Should the preferred alternative
(staged process alternative) be pursued, construction could start in October 1982, which would
allow the immobiTlization facility to begin operation in 1989. Onsite storage of the immobilized
waste would be provided, as necessary, until a Federal repository, expected sometime in the
1990's, is available. The current status of the R&D activities concerning immobilization proc-
esses development, waste form evaluation, and environmental studies are summarized in Appendix P.

A Notice of Intent® to prepare this EIS was published by DOE on March 11, 1980, to present
pertinent background information regarding the proposed scope and content of the EIS and to
solicit comments and suggestions for consideration in its preparation. As stated in the Notice
of Intent, the decisions will be addressed at two levels: (1) a disposal strategy and (2) an
immobilization facility. The preferred alternative of waste immobilization for shipment to an
offsite mined geologic Federal repository was compared to other disposal strategy alternatives
as well as immobilization alternatives. Because the expected environmental impacts of disposing
of the SRP high-level waste would be no greater than that for a similar quantity of commercially
generated waste and because the disposal of commercially generated waste was analyzed in detail
in the Envirowmental Impact Statement -- Management of Commercially Generated Waste (Report
DOE/EIS-0046F), the discussions on the disposal strategy will rely upon the analyses and
decisions resulting from this report.

In response to the Notice of Intent, 14 individual and private organizations and 10 gavernmental
agencies provided comments to DOE to assist in the preparation of this EIS. An analysis of the
issues raised in the comment letters is given as Appendix M of this EIS.

A draft environmental impact statement was made available for public review and comment on October
‘2, 1981.®* Four individuals, 1 private organization, and 7 government agencies provided

comments; Appendix @ contains these comments and the complete DOE responses to them. A1l
substantive comments were considered in the preparation of this final environmental impact
statement.

In this final environmental impact statement, changes from the draft have been indicated by a
vertical line in the margin of the page. Minor editorial and typographical corrections are not
identified. Changes that are the results of public comments are identified by the specific
comment numbers that appear in Appendix Q. A change that is the result of an error {typing error,
etc.) in the draft is identified with the letters *TE," and one made to clarify or expand on the
draft statement is identified with the letters "TC." For example, if this sentence were added to
clarify a point, it would be identified as shown. The responses to the individual comments
contained in Appendix § also provide additional information and clarification.

Three reports were used extensively as data sources in the preparation of this EIS. The follow-
ing table lists these reports, the institutions at which they were prepared, the dates issued
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and the abbreviated notation (call-out) used to reference the documents throughout the EIS.
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Abbreviated

Title notation Preparer Date
Environmental Information Document, EID E. I. du Pont de Nemours % Co. 1981
Defense Waate Proceaging Facility, {Inc.), Savannah River
bPST-80-249 and supplement Laboratory
DWPF Technieal Data Summaries, TDS E. I. du Pont de Nemours & Co. 1980
DP$TD-77-13-3, DPSTD-B0-38, (Inc.), Savannah River
DPSTD-B8(0-39, updates Laboratory
Socioeconomic Baseline Characterization SBC NUS Corporation for Qak Ridge 1981
for the Savannah River FPlant Area, National Labaratory

ORNL/Sun-81/13829/5

REFERENCES FOR FQREWQORD

1, U.S. Energy Research and Development Administration, Altermatives for Long-Term Management
of Defense High-Level Radioactive Waste at the Savannagh River Plant, Report ERDA 77-42,
Washington, 0.C., May 1977.

Fed. Regist. 44: 69320-1 {Dec. 3, 1979).

Fed. Regist. 45: 9763-4 {Feb. 13, 1980).

Fed. Regist. 45: 15606-8 (Mar. 11, 1980).

Fed. Regist. 46: 48751 (Oct. 2, 1981).
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SUMMARY

1. INTRODUCTION

The purpose of this Environmental Impact Statement (EIS) is to provide environmental input
into both the selection of an appropriate strategqy for the permanent disposal of the high-
level radicactive wastes currently stored at the Savannah River Plant (SRP) and the subsequent
decision to construct and operate a Defense Waste Processing Facility (DWPF) at the SRP site.
The SRP, at which nuclear materials have been produced for national defense since the early
1950s, is a major installation of the U.S. Department of Energy (DOE) and is currently the
nation's primary source of nuciear-reactor-produced defense material. The operations also

generate high-level radicactive waste {HLW)} that has been and is continuing to be safely stored
at SRP in underground tanks. These tanks must be continuously monitored and replaced periodically

to ensure environmental isolation of the radicactive contents. Approximately 83 x 103 m?
(22 million gal) of high-level waste is currently stored at SRP, and it is composed of three
components: (1) an insoluble sludge (15%), (2) a crystallized salt cake (60%), and (3) a
supernatant aqueous solution (25%).

2. PURPOSE QOF AND NEED FOR THE ACTION

The high-level defense waste at SRP must be managed in such a way that current or future
generations will be protected from potential hazards. The long-term waste management system
selected should not depend on the long-term stability or operation of social or governmental
institutions for the security of waste isolation. 1In keeping with this objective - and
influenced by the public response to an earlier EIS {DOE/EIS-0023) addressing the long-term
management of the wastes at SRP — the DOE, on February 13, 1980, issued a Record of Decision to
continue a Federal research and development (R&D) program directed toward immobilization of the
high-level radiocactive wastes stored at SRP. This EIS is prepared to provide environmental
input into both the selection of an appropriate disposal strategy and the subsequent decision
to build and operate an immobilization facility at the SRP. Selection of either the geologic
media for disposal or a repository site is not within the scope of this EIS and is not addressed;
these decisions would be made in siting the repository.

To provide a clear basis for choice, alternative actions are addressed in this EIS at two

levels — (1} a strategy level (disposai) and {2) a process level {immobilization), as given in
Table S.1. Each level has an identified preferred alternative for comparison with the other
alternatives. Some alternatives are not considered practicable and therefore are not considered
in detail, although they are outlined and reasons are given for not performing detailed analysis.
Treatment of the two levels of action are dissimilar. Since both the disposal technplogies and
the environmental consequences of disposal strategies have been examined in a number of compre-
hensive public documents published within the last four years, these alternatives are summarized
in this EIS, and the evaluation is tiered to the published analyses and the decisions resulting
from them. The major porticn of this EIS analyzes the environmental and health impacts of the
immobiiization alternatives for the proposed DWPF.

P P ara —T -

3. DISPOSAL S

The purpose of a disposal strategy is to dispose of high-level radioactive waste in such a
manner that the materials are isolated from the environment and secured for a long enough
period of time that they are unlikely to return to the biosphere before they have decayed to
safe or harmless levels. Different disposal alternatives were studied in detail in the manage-
ment program for commercially generated high-level waste (HLW), and geologic disposal in a
mined repository emerged as the technologically preferred option. Consideration of the suit-
ability of this disposal strategy for defense waste requires a comparison of defense waste with
commercially generated waste. A comparison is given in Sect. 2.1 and Table 2.1 of the EIS.

The estimated number of canisters required for the SRP waste is less than one-seventh of that |J-4
required for the commercial waste (Table 2.1). With the additional advantage of a higher
repository loading possible for the defense waste, which produces only about one-tenth the

heat output, the impacts of disposing of the SRP defense waste on the repository program

xxiit



Table 5.1. Alternatlve actions

- Allernatives
Preferred “No action
alternative Otrer alternatives alternative not cansideced
n derail
Strategy ievel Immaobilization for Rock melting Indefimite tank Direct Qisposal
{Disposal} geologic disposal Island disposal storage at SRP in bedrock below
Subseabed disposal SRP
Icesheet disposal
Oeep-well disposal
Partitioning and
transmutation
Space disposal
Very deep hole disposal
Process leveld Construction and Delayed alternative c Immacbilization
{lmmobdization) operation of a without separation
DWPF to immobilize Interim solidification

high-level waste

for disposai in
Federal repositories
and disposal of

saltcrste (by-product]

as low-level radic-
active wasle on the
SRP site?

“Process level alternatives are options to implement the preferred disposal strategy.

Discussions of the immobilization alternative are divided into two parts: the reference immabilization alternative
and the staged process ailernative. The Staged process alternative was developed from the reference :mmoktilization
alternative by incofporating improvements resulting trom the research and development program for reducing the
initial and total cost required for the DWPF. The staged process alternative is tHe preferred immabilization alternative.

¢Given the adeption of immopmzation (or geologic disposal alternative, there cannct be a “nc-action”
immaobilizaticn alternative.

should be minimal. Thus, the results of analyses of commercial HLW disposal strategies are
considered appropriate bases for selection of the strategy for disposal of SRP defense wastes.

In this EIS, the preferred alternative for disposal of SRP HLW is selected to be the same as

5 3 A i T = T A miare Foaladbd ae
the preferred alternative for commercial HLW, namely, geologic disposal or long-term isolation

in a mined geologic repository with very deep hole and subseabed disposal being retained as
backup technologies. In implementing this isolation strategy, multiple barriers will be estab-
lished between the radioactive waste and the biosphere: the waste form, canisters, engineered
steeves and backfill, and the geologic medium. The proposed DWPF will immobilize the SRP waste
into an appropriate waste form for placement in a repository. Selection of a final waste form
is scheduied by October 1583, and it will be accompanied by the appropriate environmental
review. In the meantime, borosilicate glass is used as the reference waste form for facility
and process design and for the preparation of this EIS. Additional barriers, such as over-
packing, sleeves, and backfill materials, will be added as required at the repository. The
repository itself will consist of a subsurface mined cavity excavated by conventional mining
methods at about 600 m (2000 ft) below the surface. Immobilized waste will be stored within
mined rooms designed to utiTize the host formation and overlying geologic materials as permanent
geologic barriers. Immobilized waste from the proposed DWPF can also be packaged for disposal
in very deep hole or subseabed repositories.

The “no-action" alternative to immebilization for geologic disposal calls for continuing the
existing method of management for the defense HLW at SRP. It requires comtinuous monitoring
and maintenance of the tanks and periodic transfer of wastes to new tanks with retirement of
old tanks. Surveillance has to be continued unti) either the radioactivity has decayed te safe
levels (hundreds of years for some radionuclides and thousands of years for others) or until a
permanent disposal scheme is implemented, Removal of strontium-90 and.cesium-137 fram the

waste would significantly reduce the heat generated by the waste so that the remaining materials
cauld be stored in uncooled tanks. The recovered strontium-90 and cesium-137 would prebably
have to be disposed of as HLW unless beneficial uses were developed. The recovery of cesium-137
and strontium-90 would require the construction of a new facility and would result in larger
waste volumes. The increased handling of the waste would result in higher radiation exposure

to operating personnel and greater risk of radiation exposure to the public. Recavery of
strontium-90 and cesfum-137 would not alter the management needs or the unacceptable enviren-

Wy Fam!l A4 w, i F oammtipiing danl cdmenon
mental status for the "no-action disposal alternative of CORTINUING tank 5Torage.

The environmental impacts of numerous additional disposal alternatives have recently been

evaluated. The results are summarized in Sect. 2.4, The strategies include rock melting,
island disposal, subseabed disposal, ice-sheet disposal, deep well injection, waste partitioning
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and transmutation, space disposal, and very deep hole disposal. Mast of these strategies will
require immobilization prior to disposal; however, all of these strategies have greater tech-
nological and environmental uncertainties than mined geologic disposal.

4, IMMOBILIZATION ALTERNATIVES FOR THE DWPF

Assuming adoption of the geologic disposal for the SRP defense waste, a facility would be

needed to immobilize the waste. Three immobilization alternatives {reference, delay of reference,
and staged) were analyzed in detail to show the possible range of environmental impacts associated
with the construction and operation of a DWPF. Bath the reference and staged design resuited
from the R&D program undertaken to find a suitable method to immobilize HLW for disposal. The
reference design preceded the staged design chronologically in the R&D program and is taken as

the base case for comparing the environmental impacts of the alternatives. The staged-process
alternative, however, is the preferred immobilization alternative. A1l three immobilization
alternatives require the processing of the SRP waste into two fractions: a high-level radio-
activity fraction for immobilization and offsite geologic disposal and a partially decontaminated
salt fraction for solidification and disposal as low-level waste on the SRP site. A brief

Ane inddnn Af aarh 1+ viadi i i W
description of each alternative is given below:

1. Reference immobilization alternative. This alternative requires the construction of a
large remotely operated facility for simuitaneous processing of the sludge, salt cake, and
supernatant. Construction would start in October 1982, with operations scheduled to begin
in 1989.

2. Delay of reference immobilization alternative. This alternative assumes that construction
and operation of the proposed DWPF are delayed for 10 years, It is assumed that a Federal
repository weuld then be available to receive the immobilized waste so that no more than
80 days of interim storage would be required and that a decision on the waste form would
have been made for the DWPF. For conservatism, the reference immobilization design was

used in performing the

Tiam S &
IIIiPst arnalys>is.

3. Staged process alternative. Because of on-going R&D effort, a staged process alternative
was developed to first construct a facility to treat the sludge {Stage 1) and then con-
struct a facility to treat the salt cake and supernatant (Stage 2). In this alternative,
construction costs would be spread more evenly over the years of construction. Construction
of the Stage 1 facility would start in October 1982 with operations scheduled by 1989;

Stage 2 facility construction would start in 1985 with operation scheduled for 1991.

The selection of these three immobilization alternatives for analysis, the detailed description
of processing steps, the available process flexibility, and the environmental impact assessments
performed establishes a range of potential environmental impacts for possible immobilization

~onm T

alternatives for the SRP defense high-level radicactive waste. In the analyses given, the
differential effects estimated for the delay of the reference alternative are applicable also
to delay of the staged process alternative.

The immobilization process is generally similar for the three alternatives although specific
design companents may vary. The process to treat the sludge consists of the following steps:
separation of the sludge solids from the soluble components (salt solution); mmebitization of
the sludge solids by either (a} calcining the sludge, mixing it with glass frit, and then
melting or {b) feeding the sludge continuously to a liquid-fed glass melter; placing the sludge/
glass mixture in stainless steel canisters; and transferring the canisters (sealed and decon-
taminated) to an interim-storage vault.* The process for treating the salt solution consists
of separation of the soluble high-level radicactivity constituents from the salt solution by
ion exchange (these constituents are to be immobilized with the siudge}; formation of saitcrete
from the residual decontaminated salts by mixing with cement; and burial of the low-level
radicactivity saltcrete in an intermediate-depth-engineered disposal area.

Other immobilization alternatives considered were immobilization without separation and interim
immobilization. These were not analyzed in detail because preliminary examination clearly
showed these alternatives to have greater potential for environmental risk than the alternatives
examined in detail,
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Three potential sites at SRP for the DWPF were considered. The site selection factors

considered included the following: distance to the high-Jevel waste storage tanks, site

topography, geology, hydrology, ecology, soil condition, access to existing services, and

distance to a suitable area for disposal of the decontaminated salt. .,

A1l the immobilization alternatives will generate decontaminated salt as a by-product. Based

on the proposed Nuclear Regulatory Commission classification guide, the decontaminated salt can
be disposed of as low-level radicactive waste. The DQE proposes to dispose of the decontaminated
salt in a concrete mixture (saltcrete} in an engineered landfill meeting requirements appropriate
for hazardous waste as well as those for low-level radicactive waste. Alternatives to saltcrete
burial include returning the decontaminated salt to the waste tanks as salt cake or as saltcrete
and packaging the decontaminated salt in appropriate form for shipment to a geclogic repository,

The main criteria for locating an area for disposal of the decontaminated salt as saltcrete are
the depth of the groundwater anpd the distance from the proposed OWPF. The Z Area, adjacent to
the S Area, was selected from four potential sites as the proposed site for the disposal of
saltcrete.

5. POTENTIAL ENVIRONMENTAL IMPACTS FOR IMMOBILIZATION ALTERNATIVES

Table 5.2 summarizes the impacts and their significance from construction of the proposed DWPF.
Table 5.3 presents the same information for DWPF operations. Impacts of the staged alternative
are compared in Tables S.4 and 5.5. Impacts for the reference alternative., the delayed refarence
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evalyating effects, especially radiation-induced effects, conservative assumpt1ons were generally
used wherever assumptions were necessary. C(onservative assumptions tend to maximize the intensity
of an effect and provide a conservative (high) assessment of risk.

No severe adverse impacts are anticipated as a result of implementation of any of the
immobilization alternatives. However, in general, the adverse effects of the staged-process
alternative are anticipated to be somewhat less than those of the other alternatives. As
described in the EIS, selected studies will be initiated, and others will be continued to
menitor environmental parameters where needed. Control measures will be implemented as
necessary to mitigate any environmental problems discovered as a result of the monitoring
programs.
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Table §.2. Impacts from construction of the reference immobilization DWPF

Issue Impacts Section
Socioeconomic effects
DWPF and Vogtle® Work-force population will increase with a consequent increase in £.1.1.1, 59,
construction on required public services. DWPF amployment increases will coincide H.1, K1
schedule with Vogtle decreases?
DWPF construction Work-force demand for Vogtle and DWPF construction will peak simui- 656, 59 H2
on schedule and taneously requiring more in-movers and greater demands on public
Vogtle delayed services and housing. Minor impacts will be distributed over a large
2 years six-county area. Possible significant impacts expected only in services
for one county and may require mitigation.
Health risk to workforce
Nonradiological Risks will be similar to those for nonradiclogical industrial plant con- 51.1.2, 551
struction. Safety procedures will ba enforced during construction.
Radiological Construction workers will be exposed to SRP background-level radia- 5.1.1.3
tion. Exposures will ba well below standards, and monitoring will
be employed where necessary.
Ecological effects
Nonradiclogical Wildlife habitat will be disturbed; erosion and stream siltation wilt 51.12
increase. Impacts will be on areas without unique ecological festures,
and recovery is expected after construction is completed.
Radiological None. 51.1.3
Land use About 140 ha of land will receive somse construction impacts. Land 5.1.2 56
is currently unused and within the SAP.
Air quality Impacts will be same as for conventional industrial plant construction 51.1.2
(8.9.. increase in total suspended particulates, carbon monoxide, and
hydrocarbons). Emissions will be well within applicable standards.
Water quality Siltation of surface streams will increase. Construction practices will 51.1.2
be utilized to mitigate stream impacts.
Earthguake or tornada Damage to facilities. Impacts during construction would be same as Appendix G
occurrence for any norradiological construction project.
Cultural resources None expected. 413
Endangered species None expected. §11.2
Resource depletion Resources committed include concrete, steel, and fusls. Amounts are 5.7
nominal, and materials are ordinary.
Wetlands protection One carclina bay will be eliminated. About 200 carclina bays exist on 451, 51.1.2,
tha SRP site, and this one is not unique. 56

*The Vogtla Power Plant is 8 nuclear power plant being constructed by the Georgia Power Company within 20 km

of the proposed DWPF.
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Table §.3. impacts from operation of the reference immuobilizstion DWPF

impacts

Section

Radiological (accidental
occurrence}

Health risk to public
Norradiologicat

Radiological {routina
releases)

Radiclogical (accidental
reloases)

Ecological effects
MNonradiotogical

Radiological

Land uss

Air quality
Nonradiological

Radiotogicai

Some economit turntown is expacted when construction ends and
operation begins. The effect is limited and absorbable; thera will be
a net gain of about 700 permanent jobs.

Rigks will be similar to those for nonradidlogical industrial plant con-
struction, Safety procedures will be enforced for all operations.

Oparating personnel wili work in controlled radistion exposure areas.
All high-level radicectivity operations will be remotely controlled;
octupeticnal doses will be monitored and controiled to be as low
as reasonably achievable,

Operating personnel may be exposed to radiation. Maximum pre-
cautions will be taken to protect perscnnel. Facilities are designed,
constructed, and operated to mitigate the occurrence and consequence
of accidents.

Public will be exposed to coal-fired powar-plant releases: particulates,
$0,, €0, HC, and NOQ,: coal-pile runck, and ash. Emissions will be
controlled to within acceptable levels.

Public will be exposed to radionuclides in DWPF atmospheric and
liquid releases. Doses will be extremely small and insignificant
health risk is anticipated.

Public will be exposed to radionuclides released accidantaily. Acci-
dents are highly unlikely and releases in the event of accident
are so smali that insignificamt heaith risk is anticipated, Facilities are
designed, constructed, and operated to mitigate the occurrance and
consaquence of accidents.

Nonrgdioactive wastes (including ash-basin effluents) will be dis-
charged into the environment. Wastes will be weated before
discharge.

None expected. Biota will not be severely affacted.

Approximately 80 ha will be committed to the DWPF facility. Land
is currently unused and is about 0.1% of land area within the
SRP.

Releases from coal-fired power plant will increase atmospheric lgvels
of particulates, SQ,, CO, HC, and NO,. Cooling towers will release
drift. Releases will be controlled to maintain levels within Federal
standards.

Radionuclides will be released in stack exhausts. Radionuclide levels
will be extramely small.

Effluent from the industrial wastewater treetmant facility will discharge
to surface streams: secondary effluent from the sewage treatment
plant will be disposed of by spray-irrigation on land. Waste will be
treated before discharge, to meet all applicabie regulations; possible
impacts to soils from on-land disposal of sewage plant efiluent will be
mitigated.

Radionuclides wil! be released in DWPF liguid effluents. Liquid streams
will be monitored before discharge; concentrations of radionuclides in
surface water will be extremely smsll; no degradation of water quality
will occur.

xxviii

5.1.21,
Appendix K

5122 552

5123

5562

5122
6.1.23,

Appendin J

55.2
Appandix L

5122

5123

3.164,5122

3164,51.23

3164,61.22

3.1.64,5122



Table §.3. (continued)

Issue impacts Section
Earthquake or tornado DCamage to facilities with consequent release of radioactivity. Struc- 313 443
accurrence tures processing high-level radicactivity materials will be earthquake-
and tornado-resistant.
Transportation (routine
operations)
Nonradiclogical Impacts will be similar to thase of conventional common carriers. 5141,
Vehicle emissions will be much less than allowabls standards. Appandix D
Radiological Public will be exposed to radioactivity from passing vehicles. Al 5.14.2,
phases of transport including packaging will be designed to comaply Appandix D
with comprehensive Federal regulations ensuring public safety
during transport of HLW.
Transportation {accidents)

Nonradiological Injuries and fatalities will be similar to those for conventional com- 55631,
mon carriers. Probabilities for injuries and fatalities from truck and Appendix D
rgil transportation accidents will be similar to thoss in normal
tranhsportation.

Radiologicat Public will be exposed to radicactive releases in the evert a cask is 553.2,
ruptured during an accidant. Rupture is highly uniikely; public expo- Appandix D
sufe in the event of rupture is very lew compared with normal back-
ground radiation.

Resource commitment Resaurces committed include alectricity, water, coal, cement, glass frit, 5.7

and process chemicals. Materials are commeonly available and amounts
aré reasonable.
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Table 5.4, Impacts from construction of the staged immuobilization DWPF

lassue Impacts Section
Socioeconomic effects Work-fo: ~e population will increase with a consequent incraase in 5.1.1, 59.1,
required public services. Area population increasas will be less Appendix K
than 1% of the totals. Minor 1o negligible impacts will be offset by
jobs created.

Heahth risk to workforce
Nonradiological . Rigks will be similar to these for nonradiological industrig! plant con- 51.1.2%, 551
struction, Safety procedures will be enforced during construction.

Radiological Construction workers will be exposed to SRP background-level radia- 63.1.3
tion. Exposures will be well below standards, and monitoring will
be employed whare necessary.

Eoologicad effects
Nonradiclogical Wildlife habitat will be disturbed; erosion and stream siltation will 5312
increase, Impacts will be on ‘areas without unique ecological features,
and recovery is expected after construction is completed,

Radiologicai Nare. 51,23

Land use About 120 ha of land will recaive some construction impacts. Land 33.21,3322
is currently unused and within the SRP,

Air quality Impacts will be same as for conventional industrial plant construction 5.1.1.2¢
{e.g.. increase in totel suspended particulates, carbon monoxide, and
hydrocarbons). £missions wiii be weii within appiicabie standards,

Water quality Sitation of surface sweams wilt inorease. Conswruction pracices will 112>
be utilized to mitigate stream impacts.

Earthquake or tornado Damage to facilities. Impacts during construction would be same as Appendix G
occurrence for any nonradiological construction project.

Cultural resgurces None expectad. 41.3
Endangered species None expected. B.1.1.2"
Resource depletion Respurces committed include concrete, steel, and fuels. Amounts ars 3344

nominal, and materials are ordinary.

Wetlands protection One carolina bay will be eliminated, About 200 carolina bays exist on 51.1.2
the SAP site, and this one is not unigue.

*Impacts are the same as for the refarenca ahternative.
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Table §.5. Impacts from operation of the staged immoblitzation DWPF

Issue Impacts Section
Socioeconomic effects Sorne economic turndown is expected when construction ends and 5.3.21,
oparation begins. The effect is limited and absorbable; thaere will be Appandix K
a net gain of about 530 permanent jobs.
Health risk to work force
Nonradiological Risks will be similar to those for nonradiological industrial plant con- 5122
struction. Safety procedurss will be enforced for all operations,
Radinlogical {routine Oparating parsonnal will work in controlled radiation exposure aress, 6123
operations) All high-level radicactivity operations will be remotely controlled;
occupational doses will be monitored and controlled to be as low
as reasonably achievable.
Radiclogical |accidantal Oparating personnal may be expossd to radistion. Maximum pre- 552
occurrence) cautions will be taken to protect personnel. Facilities are designed,
constructed, and operated to mitigate the occurrence and consequence
of accidents.
Health risk to public
Nenradiological Releases will contain CQ,, NO,, NH,, and diesel generator emissions. 3354
Balascss ora vary emall and weall within reamired amieeinn ctandarrde
Releases are very small and well within required smission standards.
Rediological {routine Public will be axposad to radionuclides in DWPF atmospheric and 5323, 586.2,
reloasss) liquid releases. Doses will be extramely small and Intle heahh Appendix D
risk is anticipated.
Radiological (accidental Public will be exposed to radionuclides released accidentally. Acci- 5.5.2,
releases) dents are highly uniikely and releases in the event of accidant Appendix L
are so smail that little health risk is anticipsted. Facilities are
" designed, constructed, and operated to mitigate ths occurrence and
consequence of accidents.
Ecological effects
Nonradiological Nonradioactive wastes will be discharged into the environment. 5322
Wastes will be treated before discharge to comply with NPDES
permit requirements.
Radiclogical None expected. Biota will not be affected. 51.23
Land use Approximately 85 ha will be committed to the DWPF facility. Land 332 412
is currently unused and is about 0.1% of land area within the
SRP.
Air quality
Monradiological Rslaases from disss! gensrator exhaust will increass atmospheric levels 3154, 3354
of particulatss, SQ,, CO, HC, and NO,. Cooling towers will release
drift. Aeleasas will be very small and well within air quality standards.
Radiological Radionuclides will be released in stack exhausts. Radionuclide levels 5323
will be extramely smail.
Water quality
Norradiological Effluent from the industrial wastewster treatment faciiity will discharge 3164, 56322
to surisce strezms: secondary offluemt from the sewage treatment
plant will be disposed of by spray-irrigation on land. Waste will be
treated hefore discharge, 1o meet sll applicable reguistions; possible
impacts (o soils from on-land disposal of sswags plam sfflusnt will bs
mitigated,
Radiciogical Radionuclides will be released in DWPF liquid effluents. Liquid streams 3164.61.23

will be monitored before discharge; concentretions of radionuclides in
surface water will be extremely small; no degradstion of water quality
will occur.
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Table §.5. {continued)

Issue Impacts Saction .

" Earthquake or tornado Damage 10 facilities with consequent release of radioactivity, Struc- 31314 443
ocourrence tures processing high-level radicactivity materials will be earthquake-
and tornado-resisiant,

Transportation {routine

operations)
Nornradiological Impacts will be similar to those of conventional common carriers, 5141,
Vehicle emissions will ba much iass than allowable standards. Appendix D
Radiological Public will be exposad to radicactivity from passing vehicles. All 5.1.4.2
phases of transport including packaging will ba designed to comply Appendix D

with comprehensive Federal regulations ensuring public safety
during transport of HLW.

Transportation {accidents)

Nooradiclogical Injuries and fatalties will be similar to those for conventional com- 5531,
mon carriers, Probabilities for injuries and fatalities from truck and Appendix D
rail transportation accidents will be simiter to those in normat
transportation,

Radiological Public will be exposed to radigective Tolaases in the event a cask is 5532,
ruptured during an accident. Rupture is highly unlikely; public expo- Appendix D

sure in the event of ruptura is very low compared with nofmat back-
ground radiation,

Resource commitment Resources committed include electricity. water, coal, cement, glass frit, 57
and process chemicals. Materials are commonly available and amounts
aré reasonable.

®Impacts are the same as for the reference alternative.
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Table $.6, Comparison of impacts by alternative?

Issue

Reference
imrobilization
DWPF2

Delayed
reference
DWPF

Staged-process
DWPF

Socioeconomic effects

Heafth risks

Ecological effects

Land use

Air quality

Water quality

Transportation

Rescurce commitment

Postulated accidents
invelving radioactive

rolagens
reieasses

(1) DWPF and Vogtle®
construction on schedule:
Minor impacts because of
increase in work force—
mitigated by release of
workers from Vogtle® plant
construction. One county
may have schooj and
housing impacts.

{2} DWPF on schedule and
Vogtle delayed 2 years:
Impacts somewhat greater
than for Vogtle on schedule
due to increased level of
in-movers above that of
case {1} above.

Negligible impacts are antici-
pated {max. individual
exposure of .16 milii-
rern per year).

Wildlife habitat will be
dispiaced; temporary
siltation of surface
streams will occur; one
carolina bay wetlands
area will be eliminated.

About 140 ha will be
disturbed during construc-
tion; about B0 ha will be
retained for operation.

Particulates, SO, , CO,
HC, and NO, wiil be
released from coal-fired
power plant; drift will be
released from cooling towers,
and diesel-generating exhaust
will be emitted,

Treated liquid effluents
will be discharged to
surface streams.
Nonradiological accidents
will account for a maximum
of 1.6 injuries and 0.1 deaths
per year.

Resources include
materiails for both con-
structions and gperaticn,

Negligible impacts are
anticipated {maximum
individual expesure of

0.32 millirem per year).

Impacts greater than for
reference DWPF
because of sharp in-
crease in work force with-
out mitigation by Vogtle
work-force release,

Same as for reference
DWPF,

Same as for reference
DWPF.

Same as for reference
DWPF,

Same as for reference
DWPF.

Same as for reference
DWPF,

Same as for reference
DWPF.

Same as for reference
DWPF.

Same as for reference
DWPF.

Impacts lower than for
either reference DWPF or
delayed DWPF — work
force is roughly 60% of
that for other alternatives.

Negligible impacts are antici { TC
pated [max. individual
exposure of 0.20 miiii-
rem per year}.
Similar to reference DWPF
except that less land area
will be disturbed.

About 120 ba will be dis-
turbed during construction:
about 65 ha will be retained
for operatian.

Only ¢ooling-tower drift and
diesei generator exhaust will
be emitted; no power plant
is required for this alternative.
Incremental effects will result
from generation of power at
existing plants.

Similar to reference DWPF
except that coal-associated

Same as for reference DWPF.

Quantities committad are
lower than for the
reference DWPF.

Negligible impacts are
anticipated (maximum
individual exposure of

0.04 miliirem per year).

#See two preceding tables for summaries of impacts and their significance.
B The referance DWPF is takem as the base case for comparisan purpases only; the staged process DWPF is the preferred alternative,
“The Vogtie Power Plant is a nuclear power plant being constructed by the Geargia Power Company within 20 km of the

proposed DWPF,
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1. NEED FOR AND PURPOSE OF DEFENSE WASTE PROCESSING FACILITY

1.1 NEED
1.1.1 Defense wastes

The Savannah River Plant (SRP) near Aiken, South Carclina, is a major installation of the U.S.
Department of Energy (DOE) for the production of nuclear materials for national defense. It
began operations in the early 1950s and is currently the nation's primary source of reactor-
produced defense materials. These operations also generate 1iquid high-level radicactive waste
from the chemical processing of fuel and target materials after their irradiation in the SRP
nuclear reactors. The high-level radioactive waste contains the residual radiocactive and

stable fission products, some unrecovered uranium and target materials, -some plutonium and other
irradiation products, and most of the chemicals used in processing irradiated fuels and targets.

This waste has been and is continuing to be safely stored at SRP in underground tanks that are
engineered to provide reliable interim storage of the waste, isolated from the environment. No
onsite or offsite radiation exposures in excess of applicable standards have occurred from these
operations, nor has there been any offsite contamination. Under current waste management
procedures, most of the water is removed over a period of time by thermal evaporation facilities,
and the residual sludge and saltcake remain in the tanks. If this procedure continues, it is
projected that more than 100 million L (26 million gal) of high-level waste will have been

stored by the year 2000. This waste will consist of sludge (15% by volume) and saltcake (60% by
volume} and a supernatant aqueous solution (25% by volume).

This waste must be managed in such a way that current and future generations will be protected
from potential hazards. Storage in underground tanks is an interim measure because tanks have
finite lifetimes and require periodic replacement and continual surveillance to ensure that the
contents of the tanks remain isolated from their surroundings until radiation levels have
decayed to a safe level.

1.1.2 Goals and objectives

The ideal goal of nuclear waste management is isolation of high-level radicactive waste from the
biosphere for all time. In recognition that isolation over geologic periods of time can never

be guaranteed, the DOE has proposed that "disposal systems should provide reasonable assurance
that wastes will be isolated from the accessible environment for a perjod of at least 10,000 years
with no prediction of significant decreases in isolation beyond that time."l

The goal of the SRP high-level waste management program is to isclate SRP radicactive sludge and

saltcake 1n a manner which does not rely on the continued vigilance of man fo provide protection
to current and future generations and their environment.

1.1.3 Relationship to other Federal actions

Significant quantities of radioactive wastes exist in the United States (see Table 1.1}. These
wastes have been produced by a variety of activities including those related to national defense,
the commercial nuclear power industry, research investigations, medical diagnostics and therapy,
and uranium mining and milling operations. Up to now, most of the volume and radioactivity
excluding spent fuel from commercial nuclear power plants has been produced by defense-related
activities. It is projected that the rate of defense nuclear waste generation will remain about

tha cama hut that the rata nf nurlear wacts panara i
LT Same OUL wiay Wit Tdif OF f[uLfal wasic §anicia

will greatly increase.

rommarcial murlaar nowar Indonedeg
n ooy The COMMErcial nucigar power ingustiry

About one-third of the defense high-level reprocessing wastes listed in Table 1.1 is stored in
underground tanks at the SRP near Aiken, 5.C. The rest is stored in underground tanks near
Richland, Washington, and in bins near Idaho Fails, ldaho. A1) commercial reprocessing waste is
currently stored in tanks near West Valley, New York. Separate environmental reviews are
accurring for each of these facilities because of (1) differences in chemical and physical forms
of the wastes, (2} different waste storage systems, (3) important environmental characteristic
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Table 1.1, Quantities of existing radioactive wastes in
the United States (1979)

Volume Weight

(m?) (kg)
High-level waste
3

Defense 2.7E+5
{from reprocessing)
Commergial 2.3E+3
{from reprocessing)
Spent fuel 2.3E+8
{discharged from commercial readionsy

Transuranic waste
Defense 1.1E+3
Commercial 1.2E+2

Source: Interagency Review Group, AMuclear Waste
Management, Report to the President, T1D-28442, March
1973, p. 11,

%R gad as 2.7X 10°.

differences at the sites, and {4) different affected communities and interest groups at the
sites.

1.2 PURPQOSE
The purpose of this Environmental Impact Statement is to fulfill the requirements under Sect,

102{2){C) of the National Environmental Policy Act of 1969 (NEPA) by providing environmental
inputs to the decisions regarding the proposed action and its reasonable altermatives.

1.2.,1 Proposed action

The proposed action is (1) to select a disposal strategy for existing and future SRP high-level
radipactive waste and {2} subseguently to decide on the construction and operation of a Defense
Waste Processing Facility (DWPF) to immobilize SRP high-level defense waste into a form suitable
for shipment to and disposal in a Federal repository. Key decisions related to the construction
and operation of the DWPF include (1) facility lecation and (2) disposal of the decontaminated
salt as low-level waste.

The preferred disposal strategy is disposition of the immobilized high-level radicactive waste
in a mined geologic repository using conventional mining techniques. The technology is
available for this type of disposal; however, this fact does not preclude further study of other
disposal techniques. Section 2 will address the selection of a disposal strategy and is tiered
on published reports and earlier decisions. Selection of the geologic medium and the repository
site is not within the scope of this £IS and will be addressed separately in siting of a
repository.

Assuming the selection of the preferred disposal strategy, the rest of the £IS {(Sects. 3 through
6) is devoted to the construction and operation of a facility for processing the SRP high-leve)
defense waste for disposal. The propasal is to separate the waste into a relatively low-volume,
high-level radioactive fraction (sludge and radioisotopes recovered from the saltcake) and a

relatively high-volume decontaminated salt fraction. The high-level radicactive fraction is to

be immobilized and containerized for shipment to an offsite Federal repository. It is proposed
that the decontaminated salt be buried onsite as saltcrete (mixture of salt and concrete)
monoliths at intermediate depth on appropriately engineered sites. Two alternatives meet these
criteria for a preferred immobilization alternative, both the reference and the staged process
alternatives. Of the two, the staged approach has been identified as preferred by DOE.

In this EIS, borosilicate glass has been selected as the reference waste form for immobilizing
the high-level radiocactive fraction. The final decision on waste form s scheduled to be made
by October 1983. Before a selection {is made, an envirommental review of the waste form options
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will be prepared in accordance with NEPA requirements. Because another waste form will not be
chosen unless it has process/product characteristics equal to or better than those assumed for
borosilicate monoliths, the analyses can be considered Timiting for any waste form in that the

anaiyses in this EIS will represent conservative conditions.

The potential environmental impacts for the immobilization alternatives and related decisions
are presented with the discussions on the need for mitigating measures.

1.2.2 History

Since 1953, the SRP has been a major Federal installation for the production of nuclear materials
for national defense. In 1973, when SRP was under the jurisdiction of the Atomic Energy
Commission (AEC), a research and development (R&D) program on immobilization of the SRP high-
level waste was initiated. R&D activity has continued and has been expanded by AEC's successors,
the Energy Research and Development Administration (ERDA) and the U.S. Department of Energy
(DOE}. The purpose of the program has been to examine options for the long-term management of
SRP wastes which would also be applicable to high-level wastes at other DOE sites. Included in
the multiyear R&D program was development of the technology for removing the wastes from the
tanks, concentrating them into a high-activity fraction, and immobilizing the radicactive
nuclides in a high-integrity form for subsequent disposal.

Three important reports concerning SRP waste-management operations have been published in the
last four years. Alternatives for Long-term Management of Defense High-level Radioactive Waste,
Sauannah River Plant, Aiken, $.C.,° describes 23 alternatives for long-range management and
isolation of the SRP high—]evel rad1oact1ve waste and presents relative costs, risks, and
uncertainties. Final EIS, Waste Management Operations, Savanmah River Plant, Aiken, S5.C.,
described the waste-management operations at the SRP and analyzes the associated actual and
potential environmental effects. Final EIS, Long-term Management of Defense High-level Radiocactive
Wastes {Research and Development Program for Immobilization), Savannah River Plant, Aiken,

5.C.,% analyzes the long-term management strategy for the SRP high-level radicactive waste. A
decision was made to continue the extensive Federal R&D effort described in DOE/E1S-0023 directed
toward the immobilization of the high-level radiocactive waste at the SRP.3

Two important reports on commercially generated high-level radioactive wastes were published in
1980: (1) Statement of Position of the United States Department of Energy in the Matter of
Proposed Rulemaking on the Storage and Disposal of Nuclear Wastel and {2) Final EIS, Management
of Commereially Generated Radivactive Wastes.® [$ecause both of these reports are applicable to
defense wastes, they are discussed at lencth in Sect. 2, Disposal Strategy Alternatives.
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2. DISPOSAL STRATEGY ALTERNATIVES

The wastes at the SRP have been made alkaline and stored in large steel tanks located in
underground concrete vaults. Experience with the stored waste over the past 25 years has led
to improved tank design and storage procedures. This interim storage method has proven to be
effective for the controlled containment of high-level waste. However, recent studies have
concluded that the long-term disposition of high-level radicactive wastes should provide for
disposal such that the material is unlikely to return to the biosphere before it has decayed to
innocuous levels. Certain disposal strategy alternatives for high-level wastes at the SRP were
considered in an EIS entitled Long-term Management of Defenge High-level Radioactive Wastes
(DOE/EIS-0023),! which led to a DOE policy decision issued Feb. 13, 1980,2 to continue research
and development (R&D) activities directed toward immobilization of those wastes (Appendix A},

Ao 3 dfmmdbmd 5o o 14 oy Ped 3 i i
As indicated in that policy decision, the alternatives of continued fank storage (no action)

and funding an R&D program for direct disposal in bedrock under the SRP were not chosen.

The principal objective for disposal of radiocactive waste is to provide reasonable assurance
that such waste, in biologically significant concentration, will be permanently isolated from
the human environment. 1In evaluating the various technologies available for permanent disposal
of the highlevel waste at SRP, this document relies heavily on the analyses and conclusions
reached in the Envirommental Impact Statement, Management of Commereially Generated Radioactive
Waste (DOE/EIS-0046F),3 This reliance is based on the determination that the characteristics
of the SRP waste are comparable to those for commercial high-level wastes analyzed in
DOE/EI15-0046F.

The foliowing entire range of disposal tecnnod

geologic disposal using conventional mining techniques (preferred alternative),
rock-meiting disposal,

island disposal,

subseabed disposal,

icesheet disposal,

deep-well injection disposal,

partitioning and transmutation,

+

space dispesal, and
very deep hole disposal.

O e~ o e W -

Factors that were considered in each disposal method included: (1) radiological effects during
the operational period, {2) non-radiclogical effects, (3) compliance with existing National

and International law, {4) independence for future development of the nuclear industry, and

{5) the potential for corrective or mitigating actions.

The proposed action in DQE/EIS-0046F is to adopt a national strategy to develop mined geologic
repositories for disposal of commercially generated high-level radioactive and transuranic
wastes and to conduct the necessary research and development program to ensure the safe long-
term containment and isclation of the waste. This proposed action was adopted by the DOE as
indicated in the Record of Decision.*

As indicated in the DDE/EIS-0046F,% systems that can adequately dispose of commercial radioactive
wastes can reasonably be expected to adequately dispose of defense wastes because the processed
wastes from the national defense program produce Jower temperatures and lower radiation intensi-
ties than do wastes from the same quantity of similarly processed commercial fuel. Thus,
assuming other factors are equal, repository-loading criteria would generaily be less stringent
(in terms of quantities of waste per unit area) for defense wastes than for commercial wastes.
For these reasons, the analyses of impacts presented in DOE/EIS-0046F% should be of use in
addressing the disposal of defense wastes, Likewise, if the characteristics of the immobilized
SRP defense waste are similar to those of the jmmobilized commerciai waste for disposal, the
adopted disposal strategy for commercial high-level radicactive waste should be appiicable to
the disposal of defense high-level radioactive waste,
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Because of their advanced stage of development, borosilicate glass monoliths have been utilized .
as the reference waste form in the analyses in this £IS and in DOE/EIS-0046F.3 These analyses
used glass properties and characteristics that are believed reasonably attainable with near-
term technology. Because another waste form will not be chosen unless it has equal or better
process/product characteristics than determined for borosilicate glass monaliths, the EIS
analyses can be considered 1imiting for any waste form. An R&D program is being conducted on
other waste forms at various national laboratories, universities, and industrial plants
{Appendix B). The decision on waste form is plianned by October 1983, and it will be accompanied
by the appropriate environmental review. The proposed DWPF project is planned to proceed prior
to the waste form decision because the primary effort during the first vear will be site
preparation., Other disposal alternatives, including indefinite tank storage, are alsg addressed
briefly in this section to indicate their viability and acceptability for disposal of high-
level radicactive waste.

The R&D programs on the development of alternative waste forms are compatible with the schedules
for waste package designs and repesitory construction. Waste package design interactions will
occur in three steps. First, the reference glass has been identified and one alternative waste
form will be identified before the conceptual waste package design begins, Second, the generic
reference repository design conditions for all geologic media under consideration, interim waste
form performance specifications, and the waste package conceptual designs will be known before the
final defense waste form is selected. Third, three years of intensive waste form development and
characterization under reference repository design conditions will be completed befare the final
waste package design begins., Figure 2.1 shows the schedule for these acitivities.

The first canistered defense HLW would be produced in DWPF by June 1989 and would be available
for in situ testing in a terminal storage test facility, if appropriate. Canistered defense
high-level waste may accumulate at DWPF for approximately eleven years {the first waste reposi-
tory would be opened no sooner than 2000). Interim modular storage facilities will be con-
structed at DWPF as required to accommodate these canisters of immobilized waste.

2.1 CHARACTERISTICS OF WASTES

Since 1953, the SRP has been producing special nuclear materials for defense purposes. Chemical
separations of irradiated fuel and targets at SRP result in product streams and acidic liguid
streams that contain almost all of the fission products and small amounts of transuranics.
Currently, this waste is chemically converted to an alkaline solution and stored in large
underground tanks at SRP as insoiuble sludges, precipitated salts, and supernatant {liguid}.

Because of the nature of the processes producing the SRP high-level waste {HLW), the aging
{decay) of the waste (Fig. 2.2}, and the waste management procedures, there is some variability
of waste compasitions not only from tank to tank but also within a tank as a function of
Tocation and depth. For purposes of evaluation of alternatives, however, average waste composi-
tions are appropriate., The estimated quantities and vadionuclide contents of the solidified
SRP high-level waste are given in Table 2.1,

There are now about 70 operating commercial light water power reactors (LWRs) in the United
States, having about 50 GWe of installed nuclear-powered electrical generating capacity.
Additional reactors are under construction or being planned. For comparison purposes, a moderate
nuclear power growth scenario projects 250 GWe operating by year 2000 and normal reactor life

(no new reactors after year 2000). In this scenario 239,000 metric tons of heavy metal {uranium
and transuranic elements, primarily Pu) will be discharged by the year 2040, Assuming processing
of commercial spent fuel similar to the processing of SRP defense waste, comparable waste
quantities and key radionuclide contents for the solidified commercial waste are also given in
Table 2.1. The quantity of commercial HLW in individual canisters would be adjusted, either by
dilution or by varying canister. diameter, to meet the allowable heat output imposed by the
disposal system. .

The defense waste processed at SRP differs from the commercial waste discussed in DOE/EIS-0046F
in that it produces less heat and consequentiy has a lower disposal temperature and lower
radiation intensity than a similar quantity of commercial waste. Less uranium has been fissioned
in defense fuel; therefore, the quantity of fission products is less. Because of the lower

quagtity of fission products in SRP waste, the decay heat is much less than that in commercial
waste,
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Fig. 2,2. Radionuclide composition of the SRP waste 0 to 20 years after irradiation.
Source: UY.S. Department of Energy, Long-Term Management of Defense High-Level Radioactive Wastes,
Savannah River Plant, Atken, South Carolina, Final Envirommental Impact Statement, DOE/EIS-0023,
Washington, D.C., November 1979, .

Examination of Table 2.1 shows that the radionuclide content and heat output of individual
defense program HLW canisters is a factor of 5 to 10 or more below that of the commercial HLW
canisters. The radionuclide content in the defense program HLW canisters relative to the
commercial HLW canisters ranges from about the same magnitude for plutonium to orders of magni-
tude less for some of the other nuclides.

Thus, repository loading criteria generally would be less stringent (in quantities of waste per
unit area) for SRP wastes than for commercial waste, Also, because the SRP waste contains a
lower concentration of fission products, the environmental consequences will be less from dis-
persion of the SRP waste than from dispersion of an equal amount of commercial waste. Therefore,
in the event of an accident involving the same quantity of wastes, consequences will be less
severe for the SRP waste. An analysis of the commercial waste as given in DOE/EIS-0046F3 applies
to the SRP defense waste because the waste is well within the boundaries of the commercial
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Table 2.1. Compaerison of SRP defense and commercial high-level wastes

High-level Canisters Heat output Radionuclide content
waste type required {kW/canister)? (Ci/canister)®
sosr i3 ?Cs zaspu 2aepu 24 ’Am 24‘Cm
SRP defense® 1.0%10% 0.2 1.9X10° 1.8X10° 6.0%X10° 6.4 22 82%1072
Commercial®  0.7X 10°_ 3.2 1.4X105 20x105 18X10° 43 1.7x10° 14X 10%
to 10 to ta ta to 10 to
20X 10% 1.2 50x10* 7.1X10* 65X10 1.5 6.1X10°7 51x10°

?Nominal values, assuming uniform distribution of waste radionuclides among the canisters.

P Estimated data for the year 2002. Canister requirements based on 0.6-m-diam X 3-m-lang canisters, 80% full of treated
waste; heat outputs based on the contained radionuclides.

©Dgta for the reprocessing of spent fuel containing 1.7 X 10° metric tons of heavy metal (Scenario Case 3) and J-4
radioactivity at 6.5 years after reactor discharge: canister requirement dictated by the heat output allowed by the disposal
system.

Sources: U.S. Department of Energy, Management of Commercially Genergted Radicactive Waste, Vol. 2, Final Environmental Impsct

Statement, DOE/EIS-0046F, Washingtan, D.C., October 1980, letter from Q. F. Brown, DOE, 1o M. E. Miller, NRC, March 27. 1981, con-
cerning the Waste Confidence Rulemaking.

waste in all pertinent parameters. For these reasons, the DOE/E]S-0046F canclusion with respect
to the preference for geologic disposal using conventional mining techniques compared with

other disposal alternatives is also valid for the SRP waste. The estimated number of canisters
required for the SRP waste is less than one-seventh of that required for the commercial waste.
With the additional advantage of a higher repository foading passible for the defense waste,
which produces only about one-tenth the heat output, the impacts of disposing of the SRP defense
waste on the repesitory program should not be significant.

2.2 GEOLOGIC DISPOSAL USING CONVENTIONAL MINING TECHNIQUES
(PREFERRED ALTERNATIVE}

There are locations on earth where changes of a geologic nature take place stowly — over millions
of years. The rate of change for geologic systems, subject only to such lang-term change
mechanisms, would be so low that they could be assumed to be stable for periods of hundreds of
thousands of years. Consequently, it is believed that locations within the earth's crust where
primary change mechanisms require geologic time periods to occur and that appear to provide
negligible hydrologic transport potential are suitable for the long-term isclation of nuclear
waste. To be viable, the previous geclogic history of a rock mass would need to indicate
probable continued stability for at least the next 10,000 years; it should be relatively
jsolated from circulating groundwater; it must be capable of contafning waste without losing
its desirable properties; it must be amenable to technical analyses (i.e., within man's near-
term ability to modei}; and it must be technologicaily feasible to develop a repository within
jt. TJo effectively use such a rock mass, man must be able to locate it, enter it, emplace
waste in it, and seal it without permanently damaging its basic integrity.

As currently conceived, a mined geologic repository will embody three self-supporting and
interrelated components to form a compliete system for long-term isolation of radiocactive waste:
a qualified site, a suitable repository design, and an engineered waste-package system.

Using this alternative, SRP waste would be processed by the proposed DWPF into a monolith of
stabie material such as borosilicate glass, appropriately encapsulated, and shipped to a
repository for disposal. The repository would consist of a subsurface mine in salt, basalt,
granite, shale, or other suitabie rock type. The repository sites would be seiected based on
factors such as geologic stability, absence of faulting, seismicity, surface and groundwater
hydrology, stratigraphy, geologic structure, commitment of resources, and competing land uses.
The repository, excavated by conventional mining techniques, would locate the disposal areas
for emplacement of the immobilized waste about 600 wm (2000 ft} below ground.

The concept of geologic disposal of radicactive wastes is one in which canistered, high-level
radioactive wastes are placed in engineered arrays in conventionally mined rgoms in geeclogic
formations far beneath the earth's surface. The phrase "conventional mining techniques" refers
to the method of repository construction. Drilling, blasting, and boring methods used for mine
construction will be used to form the caverns and tunnels of the repository. The intent of the
phrase is to indicate that existing, proven, conventional technologies wouid be used to construct
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the repository, as apposed to the need for, or application of, a new and innovative technology
unique to nuclear waste management,

Geo]oq1c d}sposai, as caonsidered in this statement a150 emp\oys the concept of mu1t1p1e barriers.
MultIpIe barriers inciude both engineered and geglogic barriers to improve confidence that
radipactive wastes, in biologically significant concentrations, will not return to the biosphere.
Engineered barriers include the waste form itself, canisters, fillers, overpacking, sleeves,
and backfill materials. Each of these components may be designed to reduce the likelihood of
release of radivcactive material and would be selected based on site- and waste-specific con-
s1derations Geolagic barriers include the repository host rock and adjacent and overiying
_______ Commiannamad harmnmdame awva +#a23TAawmad a2 tmanidFis ~Aantaiamand S
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barriers are chosen for their in-situ properties for both waste containment and tsolation.

Environmental and engineering studies leading to the identification and evaluation of potential
genlogic repository sites are currenily in progress under the DOE Office of Nuclear Waste
Isolation. The selection and development of a geologic repasitory will be the subject of a
separate NEPA review, including the preparation and distribution of an EIS Addroqq1nn that
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proposed action. It is thus outsxde the scope of this EIS.

The concept of geologic disposal using conventional mining techniques has been studied in

detail and compared with the other disposal alternatives as part of the DOE evaluation of the
management of commercially generated radicactive waste.? That study concluded, "Thus, state of
the technology stands out as a major decision factor, and the geclogic disposal option has an
edge over other options as regards the technology status.” DOE previously has considered
alternative approaches to the long-term management of high-Tevel radigactive wastes at the SRP,
An EIS provided the basis for a decision {Appendix A) to continue a major R&D program "directed
toward the immobiiization of the high-level radicactive wastes at the SRP." This study con-
sidered specifically the feasibility of removing the waste from the storage tanks, processing
and immabilizing the waste, and preparing the immobilized material for shipment to a repository.
The process consfdered in DOE/EIS-0023! correspands generally to the DWPF reference immobilization
alternative described in Sect, 3.7.

2.3 INDEFINITE TANK STORAGE

Z2.3.7 Continuation of current program (“No Action® aiternative}

This alternative is a continuation of current high-level waste management practices at SRP and
is therefore the "No Action" alternative under CEQ designations. However, a considerable
amount of positive action is required over a leng time peried to carry out this alternative.

By 1989, the backlog of high-level waste to be managed will be stored in 30 tanks. Each tank
would contain about 3.8 x 10! m? (1 x 106 gal) of high- Tevel waste, would have a capacity of
4.9 x 10° m*, and would be the double-wall Type IIl design now be1ng built at SRP. The expected

service 1ifet1me of these heat-treated and stress-relieved tanks is between 40 and 60 years.®

When indicated by periodic inspection of the tanks in service, new tanks would be constructed

and thoa ald tanke rativad Cald Aar cludne wninld ha raranctituitad +n liaudid huy diceenlyuina ar
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slurrying with water; this solution slurry would be transferred to a new tank and evaporated

to a damp salt cake or sludge, as it was baefore transfer. The old tank would be cleaned and
retired from service. The cycle of reconstitution to liquid, transfer to new tanks and evapara-
tion, and retirement of old tanks would be repeated about every 50 years. The process would
cease when some future generation made a decision that some other disposal method would be more
desirable or that the radioactivity had decayed enough $o that the tanks could be covered and
abandoned.

This alternative is a continuation of operations currently performed at SRP an a routine basis,
backed by about 25 years of experience. The technology for all necessary phases is therefore
fully demonstrated and at hand. This alternative was analyzed in DOE/EIS-0023;! however, it
was rejected as a long-term management strategy for the SRP high-level radiocactive wastes due
to the need for continuous surveillance and maintenance.?

2.3.2 Mitigating measures

The potentxal enyironmenta) effects of continued tank storage can possibly be reduced by selective
recovery of 20Sr and 137Cs from the waste. This action would significantly reduce the heat
generation. rate in the waste and would have the concommitant advantage of making these isqtopes
available for potential beneficial use. At DOE's Hanford Reservation, 905y and 13705 removal

was carried out on high-level radicactive wastes to reduce heat gereration rates so that the
wastes could be stored in uncooled tanks. The isotope removal gperations at Hanford were
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undertaken to solve waste storage problems specific to that site. To date, most of the recovered
137¢s and 99Sr have been stored onsite as an encapsulated solid in anticipation of future
possible beneficial uses or of ultimate disposal with the other high-level radiovactive wastes.

No market has yet developed for these encapsulated isotopes, and they remain in controlled
storage pending disposal or use.

Recovery of the !37Cs and 90Sr would require removal of the sludge and salts from the storage
tanks and chemical processing to isolate, solidify, and encapsulate the isotopes. The volume
of the high-level radicactive waste would be increased by the volume of chemicals added to
carry out the sludge dissolution and other 1sotope recovery steps. New facilities would be

required for waste processing, iseotope purification and encapsuiation, and isotope capsuie
storage,

The increased handling of the high-level radioactive waste during isotope recovery would result
in an increase in radiation exposure to operating personnel and a s$light increase in the petential
for exposure to the public. The facilities, procedures, and controls for handling the waste
depleted in 137Cs and 29Sr would be unchanged from those described in Sect. 2.3.1 except that

the required waste tankage would be increased. Removal of Cs and Sr from the HLW will not

affect the long-term management strategy because actinides and other long-lived radicisotopes
remain in the bulk waste. Thus, removal of !37Cs and 29Sr will not significantly mitigate the
potential risks or environmental impacts from continued in-tank storage and would add sub-
stantially to costs.

2.4 OTHER ALTERNATIVES

Alternative strategies for the disposal of commercially generated radioactive waste have been
extensively evajuated.? Because the SRP wastes fall within the envelope of waste characteristics
for the commercially generated waste, it is appropriate to "tier" on the information and

analyses presented in that £IS. Each of the alternatives is summavized below. The reader is
referred to other published documents3-® for more detailed information and a discussion on

these alternatives.

2.4.1 Rock melt

The rock-melting concept for radicactive waste disposal calls for the direct placement of
1iquids or slurries of high-level radicactive waste alene or with small quantities of other
wastes into underground cavities. After the water has dissipated, the heat from radioactive
decay melts the surrounding rock. It has been postulated that the rock forms a waste complex
by reaction with the high-level radicactive waste. In about 1000 years, the waste-rock mixture
resolidifies, trapping the radioactive material deep underground in what is helieved to be a
relatively insoluble matrix. Because solidification takes about 1000 years, the waste is most
mobile during the period of greatest fission-product hazard.
he rock-melting concept has a large number of ogic nvironmental uncertaintie
ssociated with it., As with the very deep hole concept, our ability to understand the funda-
mental geclogic and hydrologic mechanisms that exist at reference depths (up to 2000 m) is
somewhat limited. The use of conventiona) geologic exploration tools to verify conditions at
reference depths is uncertain. Manned inspection is not likely to be feasible. In addition,
retrieval of wastes from the process is prabably not possible. The heat generation rate in the
high-level radioactive wastes stored at the SRP is insufficient to initiate rock melting;
therefore the rock-melting disposal method is not feasible for SRP wastes.

h
ot
1-

2.4.2 1Island disposal

Island-based disposal invoives the emplacement of wastes within deep, stable geclogical formations,
much as in the conventional mined geologic disposal concept and in addition relies on a unique
hydrological system associated with island geology. Island-based disposal would accommodate

all forms of waste as does conventional mined geologic disposal; however, additional port
facilities and additional transportation steps would be required. Remoteness of the probable
candidate islands has been cited as an advanrtage in terms of isolation.

The island disposal concept has uncertainties associated with its potential environmental
impact. The potential for dynamic interaction between the fresh and ocean water lenses in
island geology may preclude confidence in the isolation mechanisms. This disposal concept
would also be subject to adversae weather conditions. Several political issues, including
international issues, may restrict this option. With these uncertainties, and because the
concept does not appear to offer advantages over mined geologic d15p05a1 the island disposal
concept is not a prime candidate disposal technology.
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2.4.3 Subseabed disposal

Wastes may be isolated from the biosphere by emplacement in the ocean sediment at ocean depths
of thousands of meters, in formations which have been deposited over millions of years. The
deposits have been shown by laboratory experiments to have high sorptive capacity for many
radionuclides that might leach from breached waste packages. The water column is not considered
a barrier; however, it will inhibit human intrusion and can contribute to dilution by dispersal
of rationuclides that might escape the sediments.

One proposed subseabed disposal system concept incorporates the emplacement of appropriately
treated waste or spent reactor fuel in free-fall, needle-shaped "penetrometers” that, when
dropped through the ocean, would penetrate about 50 to 100 m into the sediments. A ship designed
for waste transport and placement would transport waste from a port facility to the disposal

site and emplace the waste containers in the sediment.

Subseabed disposal is an attractive alternative disposal technique because it appears techni-
cally feasible that the waste can be placed in areas having refatively high assurance of
stability. If at some point in time all of the barriers failed, the great dilution and slow
movement of the sea should retard the return of radionuclides to the human environment in
biologically important concentrations. Like island-based geologic disposal, the subseabed
concept has the disadvantage of the need for special port facilities and for additional trans-
portation steps in comparison to mined repositories on the continent,

As noted, subseabed disposal is believed to be technologically feasible; however, international
treaties may be required before it could be accomplished. wWhether subseabed disposal can
provide iselation of wastes equal to that of deep geologic repositories has not been fully
assessed; however, it is a backup disposal technology.

The total number of uncertainties and issues to be resolved is still significant for this
option, but efforts to resolve them are proceeding.

2.4.4 lce-sheet disposal

Use of ice-sheet disposal as currently conceived would include the encapsulation and transportation
of HLW by sea to a polar disposal site located in a region of stable and uniform ice. Canisters
would be placed into a hole a few tens to a hundred meters deep and would be sealed over by

water poured in place and allowed to freeze. Heat generated within the canister would melt the

ice in a region around the canister, and the meit water and waste container, which are more

dense than the ice, would slowly settle. This settling would be likely to proceed to the
interface between the ice and the underlying rock. Eventually, hundreds of meters of solid ice
would isolate the waste from the surface., The slow flow aof the ice might provide isplation for
long periods of time until the region of ice flowed to the ice sheet perimeter and was broken

off.

Environmentally, ice-sheet disposal has been estimated to be unsuitable for nuclear waste
disposal. Scientists representing the National Academy of Sciences, the Scientific Committee

on Antarctic Research of the International Council of Scientific Unions, and the Internaticnal
Commission on Snow and Ice have concluded that the polar ice masses are not suitable for the
disposal of radioactive wastes. The principal questions about the disposal capability of ice
masses have to do with the uncertainty about the stability of an ice mass for at least a
10,000-year period and the possibility of wastes being mechanically disintegrated by the movement
of the ice mass on the basement rock, leading to escape via unknown pathways. For these reasons,
this concept is not currently being pursued,

2.4.5 Deep well injection

Two methods of well injection have been suggested: deep well liquid injection and shale/grout
injection,

Deep well injection fnvolves pumping acidic liquid waste to depths of 1000 to 5000 m into

porous or fractured strata that are suitably isclated from the biosphers by relatively im-
permeable overlying strata. The waste is expected to remain in l{iquid form and thus may
progressively disperse and diffuse throughout the host rock. Unless limits of movement are

well defined, this mobility within the porous host media formation would be of concern regarding
eventual release to the biosphere,
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For the shale/grout injection alternative, the shale js fractured by high-pressure injection

and then the waste, mixed with cement and clays, is injected into the fractured shale formations
at depths of 300 to 500 m and allowed to solidify in place in a set of thin solid disks. The
shale has very low permeability and predictably good sorption properties. The formations
selected for injection would be those in which it can be shown that fractures would be created
parallel to the bedding planes and the wastes would be expected to remain within the host shale
bed. This requirement is expectad to limit the injection depths to the range stated previously.

Many uncertainties exist for the concept, including uncertainties about migration pathways in
" groundwater that could preciude injecting a readily mobile, 1iquid, high-level radioactive
waste into deep strata. Containment barriers possible through the use of stabilized solid
waste forms and high-integrity containers would not be available using this technique, Addi-
tionally the deep well injection concept probably precludes retrievability of wastes.

Disposal of liquid high-level radicactive waste in bedrock at SRP was analyzed in DOE/EIS-0023.1
Based on that study and on comments by the Environmental Protection Agency categorizing any
bedrock disposai option at SRP as environmentally unsatisfactory, the DOE determined not to

fund further R&D studies in support of this option.?

2.4.6 Partitioning and transmutation

te

Waste partitioning and transmutation is not a disposal concept, but rather a treatment alternative
for nuclear wastes. Partitioning involves chemical separation of waste constituents to facil
optimum management. Transmutation refers to a radiation treatment of wastes by which nuclide
with undesirable properties are converted to other nuciides with more desirable properties
(e.g., shorter half-1ife, lower radiation hazard, lower mobility, etc.). The partitioning and
transmutation cancepts together commonly imply the separation and subsequent "detoxification"
by transmutation of selected radiconuclides. Conceptually, the principal candidates for par-
titioning and transmutation are iodine, technetium, and certain actinides, which have very long
radioactive half-lives, Transmutation concepts include use of thermal reactors, fast reactors,
fusion reactors, accelerators, and nuclear explosives,

Extensive studies of the partitioning and transmutation process have revealed major difficulties.
Principally, there appears to be no risk reduction in the waste disposal process because of
technological limitations in the fraction of waste that could be converted by transmutation.

Use of the process would require that some disposal concept be used to support it. Recent work
has indicated that the process may result in an increased radiation hazard during the short

term and no compensating decrease in long-term hazard.

2.4.7 Space disposal

Space disposal has been suggested as a unique option for permanently removing high-level nuclear
wastes from the earth's environment. In a reference concept, high-level nuclear waste is
immobilized and packaged in special flight containers for insertion into a solar orbit, where

it would be expected to remain for at least one million years. The National Aeronautics and
Space Administration {NASA} has studied several space-disposal options since the early 1970s.
The concept involves the use of a special space shuttle that would carry the waste package to a
Jow-sarth orbit where a transfer vehicle would separate from the shuttle and place the waste
package and another propulsion stage into an earth escape trajectory. The transfer vehicle
would return to the shuttle while the remaining rocket stage inserts the waste into a solar
orbit.

Space disposal is of interest because once the waste is placed in orbit its potential for
environmental impacts and human health effects is judged to be nonexistent. However, the risk
of launch pad accidents and low-earth orbit failure must be compared with the risk of breach of
deep geologic repositories. Studies of space disposal, taking into account measures to mitigate
its risks, have shown it to be much more expensive than other alternatives.

2.4.8 Very deep hole disposal

A very deep hole concept has been suggested that involves the placement of nuciear waste in
holes as much as 9 km deep in geologic formations. Desirable site characteristics for this
type of disposal include crystalline and sedimentary rocks located in areas of tectonic and
seismic stability.
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Both spent fuel and high-level waste canisters could be disposed in very deep holes, However,
it is not economically feasible to dispose of high-volume wastes [e.g., transuranic {TRU)
waste] in this manner. Thus an alternate disposal method, such as deep geologic repositories,
would also be required if spent fuel were reprocessed. There is some question as to whether

i i +

T
holes of the required s be drilled.

-—
0.

The principal advantage of the very deep hole concept is that certain HLW such as that

produced at SRP can be placed farther from the biosphere in a location where it is believed

that circulating groundwater is unlikely to communicate with the biosphere. Very deep hole
concept is a backup disposal technology; development of this technology would take 12 to 25 years.

2.5 CONCLUSIONS AND RECOMMENDATIONS

The no=-action disposal alternative involves continuing present practice, which consists of tank
storage of the high-level wastes. Tank storage is considered temporary because of the need to
replace the tanks periodically. Also, indefinite tank storage would require perpetual surveil-
tance, maintenance, and administrative control to assure adeguate long-term isolation of the

SRP high-tevel radicactive wastes from the environment., Extended storage under these constraints
increases the radiological risk to man. For these reasons, the no-action alternative is considered
unacceptable.

The preferred disposal strategy calls for immobilization and disposal in a mined geolagic
repository. ldentification of the preferred alternative is based on the considerations in
DOE/E1S-00231 and the resulting policy decision? as well as on DOE/EIS-D046F3 and the preceding
discussion.

A mined qeelogic repository is the preferred disposal option based on its distinct advantages

in minimizing radiological effects during the operating period; its advanced status of development
and the ability (ease) for corrective or mitigative actions {e.g., retrievability) if its
isolation from the human environment is threatened. With respect to the other evaluation factors,
the only category in which an alternative technology might offer an advantage would be the
radiological effects during the post-operational period for the space disposal option. Howaver,

this is considered a long-term advantage which would be more than offset by near term disadvantages.

From the standpoint of technical feasibility, only two of the alternative waste disposal methods
appear to warrant further study: subseabed and very deep hole. For subseabed, the DOE has
decided to continue studies of the environmental, technical, Tegal, and institutional feasibility
of isolating wastes within the sedimentary geologic formations of the deep seabed, This cancept
is considered a Tonger-term complementary disposal method to mined repositories. The DOE alse
feels that very deep hole disposal warrants some additional study as a possible backup far
high-level waste disposal. Further development of the very deep hole concept will emphasize the
capability to take corrective or mitigative actions.

The other disposal me k melting, , icesheet, deep well injection, and transmutation)
were found to not hav vantages over mined geologic disposal and to provide no additional
complementary function. In some cases these other technologies appeared clearly Jess desirable
(for instance, in the rock melting disposal concept, the waste is expected to be mobile during
the period of greatest hazard.)

po 1 ina island
n

In summary, there appear io be no environmental issues that wouTd reasonably preclude pursuit
of a strategy favoring disposal of high-level defense wastes in deep geologic repesitories..
Further, if for any reason this strategy were found to be unacceptable, the use of alternative
strategies, very deep hole and subseabed, would not be affected by a decision to immobilize the
SRP high-Tevel waste. Various concepts of implementing the immobilization portion of this
strategy for the SRP high-level defense waste are evaluated in this EIS.
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3. IMMOBILIZATION ALTERNATIVES FOR THE OWPF

Assuming the adoption of the preferred disposal alternative (geologic disposal using conventional
mining technigues), the SRP defense high-level radioactive waste would have to be processed into
a form meeting the repository criteria. The purpose of this section is to describe the immobi-
lization alternatives for an SRP high-level radioactive waste immobilization facility — DWPF —

and to provide sufficient technical details to allow the reader to make an independent assessment
of the environmental concerns,

Currently, waste awaiting further processing is stored in large underground tanks.!'? These
wastes will be the feedstocks for each alternative. The total volume of waste to be processed
during the Tifetime of the facility is identical for each alternative. Timing and details of
recovery and utilization of these stored feedstocks to produce immobilized high-level radioactive
waste and decontaminated salt containing low levels of radiocactivity, however, will differ among
the alternatives to be described. Initial treatment of the waste was assumed to occur either

in the tanks or in the DWPF itself, depending on the alternative.

Three immobilization alternatives were considered in detail: (1) reference immghilization
alternative, (2) delay of reference immobilization alternative, and {3) staged process alter-
native.

The selection of these three immobilization alternatives for analysis, the detailed description
of processing steps, the available process fiexibility, and the environmental impact assessments
performed should establish a range of potential environmental impacts for possible immobilization
alternatives for the SRP defense high-level radiocactive waste.

The reference immobilization alterpative involves the construction of a large facility starting
in 1983 for the integrated processing of sludge and salt to form (1) borosilicate glass* for
disposal in a Federal repository and (2) decontaminated salt for disposal at SRP as low-level

U I S e Sy Tiom wmmd o i 14 W
radioactive waste. The reference facility was developed based on research and development

efforts up to 1978; it is based upon the remote operations technology used by the SRP chemical
separations facility.

The delay.of reference immobilization alternative is the same as the reference immobilization
alternative except that construction and operation are delayed until there is assurance a federal
repository will be available to receive the immobilized waste, resulting in minimal interim
storage of waste canisters at SRP. A ten-year delay is assumed for this alternative. In the
analyses given, the differential effects estimated for the delay of the reference alternative
are applicable also to delay of the staged process alternative.

Because of recent program research and planning efforts, a staged process alternative has been
deveioped that begins with sjudge processing and laier adds salt processing. UtiliZzation of
current technology provides for reduction in the size and complexity of the facility and for use

of existing facilities to the maximum degree practicable, thereby reducing the cost.

Although the reference design is a technically viable alternative, the staged design achieves the
same objective with comparable safety and environmental impact {as discussed in Sect. 5) at less
jnitial cost. The staged concept also allows additional time for technological improvements in
salt processing. Accordingly, the staged design is the preferred alternative.

A summary of the three alternatives is presented in Table 3.1. Regardless of the alternative
selected for implementation, the ongoing research and development effort will further refine

the design, construction, and operational aspects of the DWPF. The process description for the
actual DWPF, as buiit, will probabiy not be exactiy the same as given in any one of the three
immobilization alternatives; however, process improvements will not be adopted unless safety
analysis indicates acceptable risk and appropriate consideration is given to differences, if any,

- ;

Borosilicate glass has ‘been selected as the reference immobilized form. Research and
development programs outside the scope of this EIS are ongoing to determine the preferred
form by 1983; these programs are described in Appendix B.

341

J-1



3-2
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in environmental impacts. The proposed DWPF will be located on the SRP. The SRP physical
security system and emergency response system will be modified to provide the necessary pro-
tection for the DWPF,

Oescriptions of the alternatives use the reference immobiiization alternative as the base and,
unless there are changes, descriptions for the delay of reference immobilization alternative

and the staged process alternative will not be repeated. Additional information on selected feed
streams, effluent streams, and immobilized high-level waste product may be found in Appendix Q.
3.1 REFERENCE IMMOBILIZATION ALTERNATIVE

3.1.1 Process description

High-level radicactive wastes are stored in tanks at SRP as insoluble sludges, precipitated
salts, and supernatant liquid. The reference immobilization process (Fig. 3.1) includes the
removal of wastes from tank storage; pretreatment of sludge to remove most of the alumina and
soluble salts; treatment of the salt to remove cesium, strontium, and plutonium; immobilization
of the high-level sludge and recovered cesium and strontium and plutonium in borosilicate glass;
encapsulation of the waste/glass mixture in steel canisters; storage of the canisters in a
surface facility until shipment to a repository; and processing the decontaminated salt into
saltcrete monoliths for intermediate-depth burial onsite as low-level radicactive waste. The
following discussion describes the wastes, the processes proposed for their treatment, and
points of potential release to the environment.
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Fig. 3.1. Defense waste processing reference flowsheet. Source: E. I. du Pont de Nemours
and Co., modified from DWEF Pechnical Data Summary No. 3, DPSTD-77-13-3, April 1980, Fig. 1.1.

3.1.1.1 Description of wastes?

Chemical separations of irradiated fuel and targets at SRP produce product streams, an acidic
liquid waste stream containing almost ali of the fission products, and minor releases to the
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atmosphere and to seepage basins. The acidic waste stream is changed chemically to an alkaline .
solution before being transferred to storage in large underground tanks in the F and H chemical
separations areas.

In the tanks, waste components that are insoluble in the alkaline solution settle and form a
layer of sludge on the tank bottom. Most of the radicnuclides are contained in the sludge;
however, the supernatant also contains some soluble radicactive elements, predominantly cesium
and some strontium, Once the sludge has settied to the tank bottom, most of the supernatant is
removed and concentrated by thermal evaporation. The hot concentrate is transferred to cooled
waste tanks where the cooling causes salts to crystallize,

The projected total volume of wastes to be stored in tanks by 1989, when startup of the reference
case DWPF is scheduled, i5 about 100,000 m®. Estimated volumes of sludge, saltcake, and super-
natant are 15, 62, and 24 x 10° m’, respectively. A total of 27 tanks including 10 currently
under construction are expected to be in service in 1989 to store these wastes. Four additional
tanks will be constructed as feed and blend tanks for the DWPF.

Chemical separations of irradiated fuel will continue to the year 2002, from which 5 to

10 x 10* m® of additignal fresh wastes per year are anticipated.* During this period water will
continue to be removed from the stored wastes resulting in a total projected waste volume of

20 x 107 m® sludge and 87 x 10* m* saltcake. No additional tank requirements are anticipated,
however, because of the storage that will be made available as a result of waste processing and
immobitization. The average chemical and radionuclide compositions of fresh (aged six months
after discharge from the reactors) high-level liguid wastes from chemical separations operations
are summarized in Tables 3.2 and 3.3, respectively. Waste composition and characteristics are
variable from tank to tank and within & tank as a function of location and depth because of
variability in fresh wastes and because fresh and aged wastes have been mixed in some tanks. The
processes and equipment selected for the DWPF will be designed to accept these variations.

Table 3.2. Average chemical composition
af fresh {aged 6 months) SAP
high-ievei waste

Concentration

t' e e r——
Constituent Molar L

NaNQ; 33 281
NaNQ, <0.2 <14
NaAKOH} 05 59
NaOH 1 40
Na, CO4 0.1 11
Na, 504 03 43
FelOH), 0.07 7.5
MnO, 0.02 1.7
Hg(QH}, 0.002 0.5
Other solids? 0.132 7.8

4Assuming an average molecular weight
of 60.

LIncludes all radioactive components-
fission products, uranium, and trans-
yrani¢s.

Source: U.S, Department of Energy,
FELS, Long-Term Management of Defense
High-Level Radioactive Wastes, DOE/E|S-
0023, November 1979, Sect. IV, Table
1V-1, p. tv-2.

3.1.1.2 Removal of wastés from storage tanks"

About 280 x 103 m3 of water will be required to remove the total projected sludge and saltcake
{20 and 87 x 10 m?, respectively) from the tanks. The total volume of waste to be processed

* .
This volume js based on the assumption that the three SRP reactors continue to operate
through the year 2000. In addition, a fourth reactor is assumed to resume operation about 1984.
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Table 3.3. Average radionuclide composition
of fragh? SRP high-level wasta

Radionuclide Ci/L Radionuclide Ci/L
ISNB 2.BE+1¥ Mlam 3E4
144 e 44pr 1.8E+1 *? T 1€.4
I8 Zr 1.6E+1 t¥9py, 8E-5
Ity 1.2E+1 154y 3E-5
89gr 9.5£0 *3zr 3E-5
141 ce 3.2E0 240p, 2E-5
'47pm 3.2E0 135¢s 1E-5
””Ru 2.6E0Q l‘!ﬂSn_liaSb 3E~6
106Ry,.196 Rp 1.1E0 *Se 3E-6
#ogr 8E-1 233y 5E-7
1370 8E-1 L2%) 3E-7
ti%Te 5E-1 238y 2€-7
t37Te 5E-1 147pg 1E-7
L34cs 3E.1 237Np 1E-7
tSlgm 2E.2 152gy 5E-8
T idspy 3E-3 42py 2E-B
4tpy SE-4 158 T 2E-8
244Cm 3E4 35y 8E-9

# After processing irradiated fuel and targets that have
cooled six months after discharge from the reactor.

% Read as 2.8 x 10%.

Saurce: U.S. Department of Eneray, FEIS, Long-Term
Ma nagement of Defense High-Level Radioactive Wastes, DOE/
EIS-0023, November 1978, Sect. 1V, Table IV-2, p.1V-3.

over the assumed 28-year life of the plant is, therefore, projected to be approximately

390 x 10* m’., The supernate fraction (redwsso]ved aged salt and decanted supernate} and the
sludge-slurry fraction will be pumped as separate feedstreams to the DWPF for pretreatment and
processing.

Recycle water from the DWPF, supplemented if necessary by water from the F and H chemical
separat1ons areas and fresh water, will be used for salt dissolution. The total radionuclide
activities for salt/supernatant wastes aged 5 years™ and 15 years™ are about 2.1 and 1.5 Ci/L,
respectively.

Sludge removal from tanks in each area will be accomplished by suspending the insoluble particles
in a vigorously agitated water solution and transferring the resulting 1:1 sludge:water slurry in
jncrements of about 760 m® to one of the two sludge feed tanks. Equivalent volumes of slurry
from the storage tanks in the F and H chemical separations areas will be blended to provide the
studge-slurry feed. The radionuclide activities of sludge-slurry feed from wastes aged 5 years
and 15 years are about 20 Ci/L and 9.5 CifL, respectively.

3.1.1.3 Sludge preparation®

Sludge slurry from slurry feed tanks will be processed in the DWPF at a design rate of 7.65 L/min.
After the sludge stream is received in the DWPF, the sludge will be boiled with sodium hydroxide
to dissolve approximately 75% of the insoluble aluminum compounds present. Aluminum removal will
reduce the quantity of feed to be vitrified and will permit use of a lower vitrification tempera-
ture with attendant benefits in reduced volatility of radionuclides and melter corrosion.

Following dissolution of most of the aluminum compounds, the sludge slurry will be washed and
centrifuged twice to separate the insoluble sludge from the water-soluble salts, producing a
sludge containing a maximum of 2 wt % (2% based on weight) soluble salt on a dry basis. The
wash solutions will be evaporated in the recycle evaporator. The evaporator condensate will be
reused in the process, and the evaporator bottoms will be sent to the gravity settler.

includs ng waste immobili
uain

LR i) i

d iz
years and saItcake that has
minimum of 15 years.
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3.1.1.4 Salt and supernatant preparation* .
Salt solution from feed storage tanks will be processed in the DWPF at a design rate of 42 L/min.
The salt feed solution initially will be clarified in two steps: (1) the addition of a poly-

electroiyte and heat to agglomerate any entrained, suspended solids (the treated solution will
be allowed to settle in a gravity settler); and {2) the clarified supernatant from the graviiy
settler will be decanted and filtered through two sand beds in series. The bottoms from the
gravity settler (containing any insoluble sludge) and the sludge stream will be routed to the
sludge preparation process.

Filtered supernatant will be processed through two jon-exchange steps in series — the first to
remove cesium and plutonium and the second to remove strontium. These steps reduce the radio-
activity in the salt splution to levels such that it can be handled and disposed of in a less
restrictive manner than the immobilized high-level wastes. The decontaminated salt solution
from the ion-exchange steps will be pumped to the saltcrete facility and concentrated by
evaporation to a nominal 35 wt % solution. Condensate from the evaporation of salt setution
will be reused in the process.

Cesium, plutonium, and strontium will be eluted from the loaded ion~exchange columns, concen-
trated by evaporation and mixed with the washed sludge for vitrification,

LidaigQ qQpurat: 3 LRELA Y 15 L2 A

3.1.1.5 Selective recovery of waste constituents for beneficial use?

Because preparation of salt solution includes steps to remove soluble cesium and strontium via
ion exchange, recovery of one or both of these radioisotopes for potential beneficial use(s)

i
i

rather than immobilization is possible but not g anned for the DWPF. Weli-deveioped technoiogy
exists for separating and packaging %9Sr and '37(Cs, for which plant-scale procedures have been
devised and currently are in operation at the DOE Hanford Plant at Richland, Washington. The
purpose for recavery and storage of these radionuclides at Hanford, however, has been to reduce
the heat generation in the storage tanks, which, unlike the tanks at SRP, are not provided with
cooling coils.

Experience at Hanford has demonstrated an increased production of éecondary wastes because of
the addition of salting agents or other compounds for isotope recovery. Far example, nearly
three volumes of intermediate Tiquid wastes are generated at Hanford to recover cesium (95%
recovery) and strontium (70% recovery) from cne volume of high-level waste. Additionally,

305r and/or 137Cs recovery can lead to increased transportation requirements and increasad
occupational and public exposure to radiation.® Potential commercial applications of these
isotopes have been explored, including remote heat and power generation, sewage treatment, food
preservation, and medical supply sterilization. To date, however, there has been only limited
use of these radioisotopes. Sewage sludge sterilization is in the demonstration stage. None of
the cesium and strontium stored at Hanford has found commercial application.

Recovery of potentially useful nonactinide products from defense radioactive wastes does not
appear to be justified economically because of the high cost of waste processing compared with
the value of available preoduct. Limits on demand for the waste products, because of insuffi-
cient development of applications or restrictions on use of slightly radivactive materials, may
further reduce cost effectiveness of waste-product recovery.’

3.1.1.6 High-level waste immobilization and transfer to storage':8

Washed sTudge, cesium-zeolite slurry, and concentrated strontium solution will be combined in
the slurry mix tank and sybsequently dried in an electrically heated spray calciner to convert
the sludge-slurry mix into a powder or calcine. The dried waste, falling by gravity from the
spray calciner into the joule-heated continuous glass melter, will be combined with glass frit
on a 35% waste/B5% frit basis (by me\ght} Figure 2.2 shows the vitrification process schemat

2 Lef BdR CIRAL B PH Pl w i W LSRR~ =

Approximately 213 kg/h of water vapor and 118 kg/h of air will be generated as off-gases from
the spray-calcining, glass-melting operations, along with much of the mercury in the waste and
small amounts of iodine, ruthenium, and cesium. The off-gases will be cooled to remove water

B-1|and the condensable chemical species and filtered before passing through ruthenium- and fodine-
absorber beds. Mercury will be separated and sent to a mercury-recovery facility, where it will
be cleaned, bottled, and stored for reuse. Water will be transferred to the recycle evaporator.
Treated off-gas will be filtered and released up the stack.

¢

The resulting molten borosilicate glass will be poured at 1150°C into a 304-L stainless steel
canister {(Fig. 3.3) at a rate of about 112 kg/h. When the canister is filled (625-L glass
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Fig. 3.2. Vitrification process schematic. Source: E. I. du Pont de Nemour; and Co.,
Process Arrangement Optiong for Defense Waste Immobilization, DPST 80-203, February 1980.

weighing 1480 kg), the melter will be tilted to stop the glass flow, permitting the next canister
to be located in the fill position. The filled canister will be transferred by crane and transfer
car to a mechanical cell, at which point a plug is welded in place. The canister will be leak-
tested and moved to other cells for surface decontamination using HF-HNOs and a final smear test.

The borosilicate glass will contain about 28 wi % waste oxides and have the nominal chemical
composition shown in Table 3.4. The characteristics of waste in a single container are
estimated to be:®

E wnaawm 1E ynaw

- Jl:ul IWJ JC Ll
Total activity 184,000 Ci 104,000 Ci
Heat generation 540 W 310 W

The DWPF will be designed for a production rate of 1.88 canisters of vitrified high-level waste
per day.* The average production rate is expected to be about 1.4 canisters per day (500
canisters per year).

The filled, seal-welded, leak-tested, decontaminated canisters of waste will be moved on a
transfer car to the final check station where they will be remotely measured for gamma radiation
and surface temperature. The canisters will then be moved by transfer car through an airlock
and Yoaded into a shieided cask for transfér to the waste storage building.
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Fig. 3.3. Defense waste processing caniéter: glass volume, 625 L; glass weight, 1480 kg.

Source: E. I. du Pont de Nemours and Co., Process Arrangement Options for Defense Waste

Immobilization, DPST 80-203, February 1980.

3.1.1.7 Processing and disposal of decontaminated salt*

Salt solution from the salt pretreatment process (Sect. 3.1.1.4) will be transferred from the
DWPF by pipeline to a salt salution storage tank at the saltcrete facility. The salt solution
will be dewatered by evaporation to a nominal 35 wt % salt concentration and mixed with cement
to bind any residual radicactivity in a concrete matrix. The saltcrete will be proportioned by
weight to produce a formylation of 35 parts salt, 65 parts water, and 130 parts cement (15 wt %
salts in concrete}.* The resulting radioisotopic content and chemical composition are listed in
Tables 3.5 and 3.6, respectively, Anticipated practice will be to process waste aged at least
15 years. Saltcrete will be produced in batches two days per week on a 6-h operating day.
Approximately 530 m* of saltcrete will be produced each week, based on processing high-level
waste at an average rate of 37 L/min.

Condensate from the evaporation {concentration) of salt solution will be reused in the process

for flushing equipment and piping. Any excess condensate will be returned to the general purpose
evaporator system.
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Table 3.4. Chemical composition of reference
glass wasts form

Amount
Oxide Souree? wt %)
Li,0 F 4.08
8,0, F 10.5
TiO, F 0.718
Ca0 F+5S 0.843
Na, O F+5 13.7
Si0; F+5 422
Fe, 0, $ 18
Al O, S 2.38
MnO, S 3.39
U304 s 1.09
NiO S 1.45
Zeolite S 2.60
MgO F 143
Zr0, F 0.357
La, 0, F 0.357
Other solids F+S 3.03
Nonreactive salt 5 0.0984
Density 2.37 g/mL @ 1100°C

2.8 g/mL € 120°C

#F = Frit; S = composite sludge.
Source: TDS, DPSTD-77-13-3, Table 3.1,

g L A5
wide x 15.8 m long) at an intermediate depth (10 m below ground level) for d

level waste. At the end of each operating period, the equipment and pipeline will be flushed
with condensate under high pressure from the product-salt evaporator, and the flush water will
be discharged to the trench. Before the transfer pipeline is flushed, a compressed air-driven
"pig" will be pushed through it to remove residual saltcrete.

After mixing, the saltcrete will be transported by pipeline to trenches {6.1 m
i
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3.1.1.8 Effluent control and processinglf,ll

Liguid wastes

DWPF operations will produce significant quantities of radicactive and nonrad1oact1ve liquid
wastes that will require treatment before discharge. For radjcactive liquid wastes, two
treatment systems, a recycle evaporator and a general-purpose evaporator, will be provided. A

flow diagram of the radiocactive liquid waste treatment system is shown in Fig. 3.3,

The recycle evaporator system, located in the canyon building, will (1) receive the more
contaminated waste streams (chemical and/or radiocactive) at an average feed rate of 91 L/min,
(2) concentrate them by evaporation, (3) isclate the evaporator overheads for process reuse or
transfer to the general-purpose evaporator system, and (4) recycle the evaporator bottoms to the
process.

The general-purpose evaporator system, located outside the canyon processing area in a lightly
shielded fac111ty, will (1) rece1ve the condensate from other evaporat1on systems, (2) con-
centrate it by evaporation, and (3) isolate the evaporator overneads condensate for controlied
discharge to Four Mile Creek or reuse in ion-exchange operations in the canyon process. The

" general-purpase evaporator bottoms will be returned to the recycle evaporator system.

A1l canyon floors will be sloped to drain to sumps provided in each building section to collect
spillage and washdown liquids. The liquids will be returned to the recycle collection tank and
subsequently to the recycle evaporator feed tank.

Nonradioactive chemical and industrial wastes resulting from water treatment operations, boiler
and cooling tower blowdown, accidental spillage of cold-feed chemicals, or rainwater that has
been contaminated by 1each1ng of pyrites from the coal pile will be treated before release to
comply with U.S. EPAl2-1% and South Carolina regulationsl!S and pertinent National Pollutant

£ e )

Discharge Elimination System (NPDES) permits.
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Tabte 3.6. Radionuclide content (nCi/g} of salterete? — 15.year waste

Isotope Concentration Isatope Cancentration
3H 2.0E+12 147gm 2.4E-7
80co . <4.0E-3° t48gm 5.6E-13
59y; <1.8E-4 148gm, 1.7E-13
83n; <1.8E-2 161gm 2.2E41
TG, 7.0E-2 152gy 2.2E-2
87Rp 1.8E-7 154gy, €
90, 29€—1d 185 ¢y, 1280
0y 2.8E~17 206T) 7.86-17
932 1.86-2 077 9.6E-8
95 z¢ ¢ 2087y 1.2E-3
al ™ <3.06—7 208 1.0E—11
95 Nb ¢ A2y 6.7E-5
98T 1.9E+1¢ 233y 9.8E—9
108Ry 1.5E+1 234y 3.6E—4
106 g 1.6E+1 235y 5.2E-7
Wpg 4.7E-3 238y 1.1E-5
11089 € 238y 2.9E—6
121mgn 2.8E-3 238Ny 1.7E—10
123g, 7.9E-11 237ip 8.8E-5
i26g, 1563 236p,, 6.18-7
125g, 6.6E0 238py 7.7E-2
126g 2.1E—4 239py 7.8E—4
126mgp 1.56-3 240py, 5.0E-4
125m 1 8.1E0 241p, 5.8E—2
12771, 3.7E—12 242p, 6.6E-7
127mT, 37E-12 24T Am 2.1E-1
1299 7.3E-2 242am 1.4€-4
13a¢, ¢ 242m Am 1.4E-4
1350 6.0E-5 243am . 5.7E-5
137¢s 1.5E+19 232¢m 1.1E-4
137mpBa 1.48+419 <%3cm 4.3E-5
1420, 95E-7 2440y 1.1E6-3
1440, € 245¢m 6.6E-8
1aapy c 2460 5.2E-9
14d4mp, ¢ 247¢m 6.5E—15
14409 aBE—11 248¢m 6.7E—15
147py, 1.6E0¢

*The isotope concentrations were computed by a computer model
which simulates the flow of isotopes through the reference process.
Unless otherwise noted, no credit was taken for decontamination by
the ion exchange flowsheet except for cesium, plutonium, and strortium,
Nuclide concentrations <. 1.0E—20 nCi/g are not included.

BRead as 2.0 X 107,

cBased on chemical analyses (see footnoted) the total contribution
from these isotopes is <0.5 nCi/g.

9 These values were determined analytically after attual SR P waste
supernate was clarified and treated by the reference ion exchange process.

Source: TDS, DPSTD-77-13-3, except B8Ni, 63 Ni, and 94Nb which
are from unpublished data.

Tahla 3.6. Major chamical constituents

of saltcrete

Campaund wt %
NaNO4 5.89
NaNO, 2.10
NaOH 3.07
NaAlO, 1.29
Na, CO; 1.40
Na, 50, 1.18
NasCo04 0.0169
NaCl 0.0419
Na¥F 0.00274
Na[H O(OH1] 0.00837
H; 0 29.2

Cernent 55.8

Source: TDS, DPSTD-77-13-3.
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Fig. 3.4. Radioactive liquid waste treatment flow sheet. Source: EID, Fig. 3.5.1-1,
Sect. 3.5. —

Gaseous wastes

Facilities will be provided to collect vapors and off-gases from process vessels and tanks. The
process vessel vent system (PVWS) will provide high-efficiency, first-step filtration of these
gases for removal of radiocactive particulates. To minimize the diffusion of radioactively

rontaminatad nrarace Aanmas 2w bkt o R o T,

coniaminaled process vapors and particulates into the canyon areas of the DWPF, all equipment
will be connected into the PVVS. The vessel vent header, oparated at subatmospheric pressyre,
will be connected to filters, one in each of the two main canyons. These headers will be
sloped and positioned so that any condensate drains from the filter housing to the canyon for
collection. The vessel vent blowers will exhaust the gases from the canyon operating area to
the canyon exhaust air plenum, which is routed through a sand filter to remove particulates
before the gases exhaust to the stack. Figure 3.5 shows the off-gas treatment flow sheet.

0ff-gases from the calciner/melter will be scrubbed with the condensate. This scrub solution
will be collected with other liquids and recycled to the 1iquid waste treatment process.
Scrubbed off-gases will pass through primary and secondary deep-bed filters and subsequently be
preheated to the ruthenium absorption temperature (approximately 10°C above the dew point of the
gas stream). The hot off-gases will pass through twe ruthenium absorbers and then through two
iodine absorbers before being cooled and exhausted to the sand filter and stack. Condensate
will be collected in the recycle collection tank, along with other collected 1liguids, for
recycle to the liquid waste treatment process.

Solid wastes

Resins used in cesium and strontium ion-exchange operations will be subject to degradation as a
result of chemical and/or radiation damage. When the jon-exchange performance deteriorates
below an acceptable level, the degraded resins will be slurried from the celumns and replaced
with new resin., The resins are anticipated to require replacement about once a year, at which
time they will be packaged for burial.
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Fig. 3.5. Radiocactive gaseous waste treatment system. Source: EID, Sect. 3.

Failed equipment will be emptied and flushed in place and then removed remotely to a decon-
tamination cell, After decontamination, the equipment will be repaired in a regulated main-
tenance shop. Unrepairable equipment will be decontaminated, packaged, and transferred {o the
SRP burial facilities.

3.1.2 Site selectign

Due to current regulations, which preclude transport of liquid high-level radicactive material,
and the desire to minimize piping of the waste and the associated risk, the site selection
process was carried out to include only those areas within the SRP. Alternative sites outside
the SRP are not considered to be viable or reasonable alternatives to the choice of a site.near
the current HLW storage area.

3.1.2.1 DWPF site

The DWPF site will require about 60 ha {150 acres). When the site selection process began,
many sites near both F- and H-Areas were considered potentially viable. The list of candidate
sites was reduced to three (Fig., 3.6}, which were then judged on the basis of many criteria
including

T. Proximity to waste storage tanks in H-Area. It is desirable to keep the transport distance
for contaminated waste as short as possible.

2. Proximity to the preferred salt disposal site (Z-Area),

3. Suitability of the terrain to construction. Should be relatively level with good drainage

area and ample space for the initial facility, future expansion, and construction requirements.

4. Depth to water table.
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Fig. 3.6. Location of the proposed site for the DWPF (S-area) and alternative sites A and
B. The proposed site for salt disposal {Z-area) lies to the north of S-area at the intersection

of SRP roads F and 4.

5. Distance from plant boundary. Facility should be as far as practical from plant boundary
to minimize the potential of any routine or accidental stack releases to off-plant population.

6. Distance from rivers, creeks, and flowing streams. Facility should be as far from these as
practical to reduce the risk of any radicactive liquids being released accidentally to the
streams.

7. Ecological acceptability, with acceptable impacts on important species and habitats.

8. Adeguacy of subsoil structure to support large, heavy concrete buildings. Hvdrological and
geological factors must be acceptable for critical structures.
9. Proximity to existing H-Area for access to utilities. J-10

10. Level of interference {should be minimal} with existing plant operationms.
11. Accessibility to plant roads, railroads, electrical power, etc.

The three sites, sites S, A, and B, were then evaluated as follows:

1. Transport of high-level radicactive waste from F and H tank farms to site S or A requires
about equal travel distance and considerably greater travel to site B, The chieldad
pipeline will require crossing plant road E to site A or plant road 4 to site B, either of

which is undesirable, A pipeline to site A would also have to cross a drainage course to
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Four-Mile Creek. Although double containment is provided with this pipe system, directly
crossing the drainage course is undesirable. A pipeline to sites S and B would follow high
ground.

2. Site S is close to Z-area. The distance for transporting salt is greater if sites A or B
are selected. .

3, Site S nas a better topography for construction than do the other sites and will provide
greater flexibility for future expansion, if required.

4, The railroad is readily accessible to hoth S- and A-sites, but to enter site A, an addi-
tional crossing at road E is required. The road crossing, although not difficult or
impractical, is undesirable from an operating standpoint. Rail access to B-site is more

Aiffirutt and voanuireg a3 avoatar lanagrh nf track
QITTICUIL and Squiies 4 yircadill J&NgLn Uy Wialk.

5. The three sites are about equidistant from the plant boundary.

6. The depth to the water table at site A is about 3 to 4.5 m versus 10 to 15 m for sites §
and B. Site A would require more extensive dewatering to excavate for the construction of
the seismic- tornado- resistant structures. [t is aiso undesirable to Tocate -lower floors
below the water table.

Potential impacts of DWPF releases to streams were of prime importance. The only significant
discharge to streams from a DWPF site will be surface runoff from storm drainage. Waste
effluents will be minor and will be treated to make their quality acceptable. These wastes will
be piped to H-area for discharge into Four Mile Creek. 5Site A is the preferred site based on
aguatic ecology, because construction would primarily affect Four Mile Creek, an already
degraded stream, rather than Upper Three Runs Creek, the only relatively undisturbed stream on
SRP. S-site i5 ecologically preferred to site B because it is farther from Upper Three Runs
Creek and has less erosion potential,

Based on the evaluations of the three potential sites, it was concluded that S-area is the
preferred site, A site ranks second, and B ranks third. A more detajled comparison of the sites
is presented in Table 3.7.

3.1.2.2 Saltcrete burial site

The burial site that is selected for disposal of decontaminated salt from the DWPF will be
designed and constructed to comply with DOE,!® EPA, and South Carolina Department of Health

and Environmental Control {SC-DHEC) guidelines and regqulations applicable to the disposal of
both Tow-level radicactive and hazardous wastes.l2”15 About 20 ha (Fig. 3.7} is needed to allow

far anavratinnal anAd narvimatawr carnvitu naonde: +tha nrafavrvrad awvas wae avaminad +n daravmina
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the existance of wetlands or other valuable ecological resources and none were found as indicated

below.

The deccntaminated salt will be fixed in concrete or another medium to provide structural stability
to the waste and to reduce the Teachability of potentially hazardous compenents. The disposal
method will be shaliow burial in an engineered landfiii. (Burial depths to 10 m are being con-
sidered,} Based on proposed NRC rules for Tow-level radicactive waste sites, active institutional
controls will continue after the closure of the disposal site. {The period of active contfols is
not expected to exceed 100 years.} EPA quidelines and SC-DHEC Hazardous Waste Management Regu-
Tations prohibit the contamination of groundwater by potentially toxic substances and provide
rutes on the design, construction, operation, and monitoring of hazardous-waste landfills. Thus,
resirictions imposed by these guidelines and regulations, the hydrological features of SRP, and
the proximity te the proposed DWPF are the prime criteria for evaluation and consideration of
sites for burial of decontaminated saltcrete. )

The design of the engineered Tandfill for the saltcrete, which assumes burial depths to 10 m, as
illustrated by Fig. 3.8 requires a minimum depth of at least 18 m from the final grade level to
the maximum level of the water table. This criterion is not easy to meet at SRP, where areas of
§ha1low water table are common. Four areas of ridgeland zones were found to be of potential
interest by examination of topographic and aerial photographic maps. These are listed in Table 3.8
and are shown in Fig. 3.9. A1) are upland areas with no wetlands, with small stands of upland
hardwoods interspersed in pine stands. Because the sites were ecologically similar and the

presence of rare and andanoarad gnaerise on any of tha citac wae unlikaly. oralaniral charactar-
LE o € ahd engangered species ¢on any OF LNE 57785 was uniike:y, ecoifdgicai charactiel

istics were not included in the comparative site evaluations. Water table data showed that one
was borderline from that standpoint and it was eliminated for that reason. Of the three sites
with satisfactory water tables, Site 1 offered the major advantage of being close enough to the
preferred DWPF site and to the alternate Sites A and B to permit transfer of the partially de-
contaminated salt by doubly contained pipeline. Movement of this material by truck or rail to
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Table 3.7. Comparison of site charactaristics of S-area, alternstive site A, and alternative site B

Characieristic S.area Altgrna:ive Alternative
or criterd site A Site B
1. Location to waste
a. Distance from waste tank storage in H-area” ~500 m ~820m >1500 m
b. Construction of interarea transfer line
1. Drainage crossings Nane Surface drainage to Surface drainage to

Four Mile Creek near Upper Three Runs Creek
H-area ash basin

Service roads in H-area
and SRP Road €

Railrgad between F-

and H-areas

Service roads in H-area
and SAP Road 4
Service spurs in H-area

2. Road crossings Service roads in H-area

3. Railroad crossings Service spurs in H-area

2. Distance from plant boundary 10-13 km $0-13 km

Tuctures other
than 1.b above about
0.4 km from tributaries

Critical structures about
0.8 km from tributaries
1o Upper Three Runs

3. Distance from streams and drainage

than 1.b above about
0.8 km from Four

Creek Mile Creek to Upper Three Runs
Creek
4, Accessibility to saltcrete burial sites
a. Distance to site 1 {Z) ~700m ~2500 m ~t100 m
Iv. Likely mode of transport to site 1 Pipeline Pipeline Pipeline
c. Likely mode of transpart to other burial sites  Truck Truck Truck

9. Subsurface characteristics
a. Geology Sirular to other sites
b. Hydralogy Water table 9-15 meters

Similar 10 ather sites Similar 1o other sites
Water table 3-4.5 meters Water table 8-15 meters
6. Use of existing faciiities
3. Roads Similar 10 other sites
k. Railroads Spur will cross small
drainage to Upper
Three Runs Creek, similar
length to alternative A
Similar to other sites
Similar to other sites
Similar to other sites

Similar 1o other sites

Spur will cross small
drainage 10 Upper Three
Runs Creek, steeper
terrain, tenger length

Similar to other sites

Similar to other sites

Similar 1o ather sites

Similar 1o other sites

Spur will cross SRP
Road E similar in
length to S.area

&. Power lines
d. Communications
e. Other support facilities

Similar to other sites
Similar 10 other sites
Similar to other sites
7. Sufficient acreage and suitable terrain Sufficient area and

relatively level

Sutficient area but
terrain is steeper

Sutficient araa and

retatively levet
8. Ecoloyical tactors
a. “"Wetlands"” Small wetland will”

be eliminated

Small wetiand will
be impacted and
drainage area near
H-area ash basin

Mostly pine, small Nearly all pine
stands of upland stands

No wetlands present

o

. Vegetational features Mostly pine, small

stands of upland

hardwoods, some
bottomland hardwoods

hardwoods, some
bottomtand hardwoods

will be impacted will be impacted
¢. Drainage and erosion Orains to tributaries of Upper Drains to Four Mile Drains to Upper Three
Three Runs Creek Creek, least Runs Creek and its
potential for erasion erasion potential tributaries, high potential
impact to these tributaries because of level for erosional impact
grades because of steep terrain
d. Dewatering during construction Treated if necessary and Treated if needed and Traaied if needed and
released 1o tributaries released to Four released to tributaries
ot Upper Three Runs Creek Mile Creek af Upper Three Runs Creek
¢. Endangered species
1. Federal Nane Nane None
2. Srtate Species of “"Special Concern”™ Insufficient Insufficient
R present information information

. Operational discharges

1. Storm sewers Drain 16 tributaries of Upper  Drain to Four Mile

Three Runs Creek Cregk
Spray irrigation
Pumped to H-area and

Drain 1o tributaries of Upper
Three Runs Creek

Seray irrigation

Purnped to H-area and released

2. Sanitary water Spray irrigation

3. Liquid radioactive releases Released to Four

released to Four Mile Creek to Four Mile Creek
Mite Creek
4, Gaseous radipactive releases Simdlar tor alt sites Similar faor all sites Similar for all sites
S. Coal-fired power plam
1. Gaseous releases Stmilar for ali sites Similar for all sites Simitar for all sites
2. Liguid releases {ash basin discharge) Treated and pumped 1o Treated and released 1o Treated and pumped 10
Four Mite Creek Four Mile Creek Four Mite Creek
6. Cooling tower releases

1. Atmospheric releases
2. Blowdawn

Similar for all sites
Treated and pumped to
Four Mile Creek

Similar for all sites
Treated and reteased
to Four Mile Creek

Similar for all sites
Treated and pumped to
Four Mite Creek
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Table 3.7. {cantinuad)

Characteristic s Alternative Alternative
or critarion -area site & site B
7. Chemical and industrial waste discharge Treated and pumped 1o Treated and released Treated and pumped to
Four Milg Creek to Four Mile Creek Four Mile Creek
g. Comstruction impacts
1. Terrestrial ecology | Eliminate wetland as Reduce ecological value of
fgeding site wetiand

Eliminate habitat for two
plants af concern 10 5.C,

2. Aquatic ecology increased suspended sohids Increased suspended solids Increased susbended solids
level in Upper Three Runs level in Four Mde Creek level in Upper Three Runs
Creek because of siltation hecause of siltation and Creek because of siltation
and site dewatering site dewatering drscharges and site dewatering
tlischarges discharges

h. Operational impacts

1. Terrestrial ecology Similar for all sites Similar for afl sites Similar tor all sites

2. Aquatic ecology Increased suspended solids Increased suspended Increased suspended solids
teve! in Upper Thiee Runs sohids level in Four Mile level in Upper Three Runs
Creek hecause of drainage Creek because of drainage Cregk because of drainage
of storm water of storm water of storm water

Similar for other releases Similar for other releases Similar far other reieases

?F area and H area waste tanks are connected by existing interarea transfer lines. H area waste tanks will be used as the staging area before
waste is transferrec to the DWPF for processing.
Source: EID, Sect. 8.

any of the other areas would present safety and operational disadvantages which were judged to be
of significantly more importance than the potential advantage of lower water tables at the other
areas.

Detailed ecological examination and biotal surveys were made in the preferred site 1, which has
subsequently been designated Z-Area. No¢ unique or significant ecological or biological

feature was found, and there are no evidences of rare or endangered botanical species. Specific
examination was made to verify the absence of interference with the endangered Redcockaded
Woodpecker (Appendix C). These studies have verified the ecological assumpt1ons made during

the initial site screening.

3.1.3 Facility description

The immobilization facility and the nearby burial site for the immobilized, sYightly radicactive
saltcrete are proposed to be located in two undeveloped areas identified as 200-5 and 200-Z,
respectively (see Fig. 3.6). Existing equipment in the F- and H-area tank farms, such as waste
and chemical transfer lines, diversion boxes, and tank farm evaporators, will be used to the
maximum extent possible. The additions and changes to the SRP by the new areas include the
construction of buildings and facilities described in Table 3.9 and underground transfer Tines
connecting the S-area with the H-area tank farm and with the Z-area. The 200-S and 200-7 area

plot plans are shown on Figs. 3.10 and 3.7 respectively.

3.1.3.1 Waste processing and canister storage facilities

The Canyon Building will be rectangular in shape, 290 m long x 41 m wide x 32 m high, not
including the air-supply fan_ room on the main roef. The building will contain two parallel

canyens (process equipment spaces} separated by a multilevel personnel operating area. The
process equipment spaces will be surrounded by concrete biological shielding about 1.5-m thick.
The Canyon Building and the Interim Storage Building will be designed and built as seismic- and
tornado-resistant concrete structures.

The Interim Storage Building, to be located east of the Canyon Building (Fig. 3.10), will
provide space for safe handling and temporary storage of filled, sealed waste canisters that are
awaiting transfer to a permanent storage location at a Federal repository. The shielded vault
will be expandable to store the immobilized waste in the can1sters on an as-needed basis; for
this analysis, storage capacity of 6500 canisters (13 years' production) was assumed. Natural
convection cooling is to be provided with exhaust air directed to a chimney or diverted to HEPA

filter systems if radicactivity is detected The building above the vault will be an enclosed
structure of standard construction.”

*
Standard construction

15
structures not required tg meat
structuy equireg to meet

of structural stee
seismic or torn

®
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Fig. 3.7. Plot plan of the 200-Z area for saltcrete burial. Source: EID, Sect. 3.

3.1.3.2 Decontaminated salt solidification and disposal facility

The proposed landfill area (200-Z) for saltcrete disposal will be located to the east of and
parallel to Road F as shown in Fig. 3.6. This location was selected to provide the maximum ITE
depth to the water table. The landfill will encompass about 15 ha exclusive of perimeter

fencing.

Saltcrete disposal is assumed te continue for about 28 years to process the total projected
volume of saltcake initially stored and generated through the year 2002 {87 x 103 m3). The
landfill area needed to bury the saltcrete monoliths is about 11 ha. Because of the Tong time
needed to dispose of the waste material and the ease of expansion of the landfill, construction
of the initial landfill area will provide for disposal of about 40% of the salt waste available
at DWPF startup.

The evaporator and the saltcrete production equipment will be housed in standard construction
enclosures for weather protection., The evaporator condensers, condensate collection system,
storage tanks, and cement silo will be unprotected. However, the storage tanks will be enclosed
in dikes for containment of contents in the event of a tank failure.

After the concentrated decontaminated salt solution and the cement are mixed, the saltcrete will
be transported to the landfill by pipeline to trenches 6.1 m deep x 6.4 m wide x 15.8 m long.
Placing and curing saltcrete monoliths will be done in controlled and ventilated air-support
buildings. The landfill will be sectioned into grids, each measuring 60 m by 76 m, with 6.1 m
between grids. This sectioning will permit incremental disposal of saltcrete and optimum
collection and removal of leachate. Each grid will be encased in a 1.5-m-thick ¢lay barrier of
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Table 3.8. Comparison of proposed decontaminated saltcrete hurial sites

Depth to

Distance ta Most likely
Pot.en:tal Location Watler Watershed S-area mode of transfer
site table tkm) of salt from S-area
{m}
1 MNorth of 18 Uppar Three Qr Pipeline
S-area Runs Creek
2 Southwest of 18-21 Four Mile 7.1 Truck
Cereactor Creek
3 West of F-area 18-24 Upper Three 4.4 Truck
Bung Creek
4 Southeast of 15-18 Per Branch 114 Truck
K -reactor
?gee Fig. 3.9.

Source: EID, Sect. 8.

low permeability (10-7 cm/sec) on the bottom and sides. A collection sump 3.6 by 3.6 m and

0.3 m deep will be Tocated in the middle of each grid. A 0.3-m Tayer of porous material, along
with perforated piping, will be installed on the surface of the bottom clay layer to provide for
leachate drainage. Risers (15 and 45 cm in diameter) will be installed between the sump and
grade for monitoring and pumpout during operation of the landfill. As each grid is filled, it
will be covered with a 1.5-m layer of compacted clay and a 7.6-m layer of compacted backfill.

3.1.3.3 Support facilities

The main process activities require support systems {buildings, facilities, and associated
components) to carry out the function of the DWPF successfully. Building and facility locations
currently defined are shown in Figs. 3.10 and 3.7. The support systems and their functions are
summarized in Table 3.10.

3.1.4 Process/facility flexibility

Bevelopment of any major chemical facility is a dyramic operation in which various systems and
unit operations/processes are modified and improved. Development of the DWPF is no exception.
Major process equipment and facility changes in the reference design may be incorporated to
mprove process efficiency and reduce capitat and operating costs without any reduction in
safety requirements. Examples of process and facility changes that have evolved since the
reference process was defined: include:
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Fig. 3.9. General location of the proposed site for the DWPF and alternative saltcrete
burial sites.

1. dissolution of insoluble aluminum compounds in existing storage tanks to reduce facility
complexity,

2. utilization of a direct slurry-fed melter to eliminate the calcining step, and

3. reduction in the initial storage capacity of the canister storage building with modular
expansion as needed.

These and other process/facility changes from the reference alternative are incorporated into

the description of the staged alternative in Sect. 3.3. Inclusion of changes in this manner

will illustrate how component modifications within the same general process sequence modifications
could reduce capital and operating costs and improve operating efficiency without compromising
safety and environmental criteria.
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Table 3.9. DWPF buildings and facilities

Earthquake-resistant and tornado-resistant structures
Canyon (processing and local cantrol facilities)
Interim storage {vaults only}

Sand filter
Fan house
Standard construction structures
Canyon {nonprocessing facilities)
Canyon control room
Interim storage {except storage vaults)
Canyon exhaust stack
Receiving and storage warehouse and cold feed area [partly inside, partly cuwside}
Mock-up and area shop {clean)
Administration and patrol
Water systems
Regulated facility (chemical and water treatment}
Powerhouse and utilities
Steam generation
Electrical supply and distribution
Water facilities
Coal handling
Ash handling
Sanitary and wastewater treatment
Caompressed air
Salterete facitities

Source; EID, Sect 3.

3.1.5 Facility construction

3.1.5.1 Construction schedule

The schedule for construction of DWPF assumes project authorization in October 1982 and plant
completion in 1989,

The time requirements for the major construction work, including site development, is shown in
Table 3.1%.

3.1.5.2 Construction manpower

Peak construction manpower for the DWPF is expected to be about 5000 (Fig. 3.11). This figure
presents the construction labor force and total construction staff, including supervisory and
support persomnel, as a function of years after construction begins.

3.1.5.3 Construction costs

The estimated total cost to design, construct, and equip the DWPF is $1.6 billion in 1980 dollars.
A breakdown of the total cost follows.

108 §

Process facilities and equipment 1100

Tank farm- 150

Canister interim storage 150

Saltcrete facility and disposal site 40

Power, genaral, and service facilities 160

]

Total 1600

3.1.5.4 Expected releases and discharges

Chemicals used in significant quantities on site during construction include soaps, detergents,
paints, cleaning fluids, concrete admixtures, sweeping compounds, oils, and fuels such as propane,
gasohol, and diese} ofl, The releases to the site environs of the solid materials such as waste
from_oit-spi11 cleanup, fire-extinguisher discharge, and used sweeping compound, are limited by
burying them at an existing permitted site. Used soap and detergents are discharged to the
construction sanitary system or processed through a waste disposal system. No disposal is
required for those materials used consumptively, such as fuels.
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METERS

Sanitary wastes will be treated in a prefabricated treatment system and chemical toiléts.
Wastewater from secondary treatment will be discharged to a spray field; no wastewater is
discharged to streams. Sludge will be pumped from a holding tank into mobile tanks and disposed
of on siudge drying beds. Dry sludge will be removed to an existing SRP landfill, Chemical
toilet wastes will be trucked to an existing treatment facility. Conventional garbage will be
collected and disposed of in an existing SRP landfill.

3.1.5.5 Energy and resource requirements

During construction, approximately 93 ha will be cleared, including about 40 ha of forested land
that will be permanently changed to industrial usage. The power transmission line will remove



Table 3.10. Functions of support facilities

Facility

Function

Interarea transfer pipe-
lines and auxiliary
facilities

Mock-up buitding

Receiving and storage ware-
house, cold-feed facilities

Analytical 1aboratory and
testing facilities in

Canyon Building

Chemical and industrial waste

treatment facility

Water weils and treatment
facilities

Sewage treatment facility

Powerhouse and auxiliary
facilities

Ash disposal basin

Administrative building

Source: EID, Sect. 3.

Will convey high-level wastes
trom SRP tank farms to the
DWPF. Will convey treated
salt solution from the DWPF
to the 200-Z area disposal
site. Will convey recycled
water from Z-area to the DWPF
and between F-area and H-area
tank farms and the DWPF

Witl provide space and equip-
ment for mock-up, fitout, and
dimensional checkout of canyon
equipment for remote removal
and installation. Wil pro-
vide space for nonreguiated
area shops

Will provide space and facilities
for storage and inspection
of waste container componants,
for receipt of cold-feed
chemicals, and for preparation
of bulk quantities of cold-
feed chemicals

Will provide analytical and
testing services to support
canyon operations

Will ctarify and/or decontami-
nate rainwater runoff ash
basin overflow, and similar
water wastes as necessary to
meet applicable regulations

Will provide deep wells and
auxiliaries to meet all DWPF
water requirements for potable
and nonpotable water

Will provide biolegical and
chemicat cleanup of sanitary
waste to meet applicable
regulations

Wil provide control steam
generation capacity to serve
the DWPF

Will provide settling and
claritication of the water/ash
slurry discharged from boiler
operations at the pawerhouse

Will provide offices, auxiliary
services for administrative
and technical personnel, and
patrol headguarters

Wil provide gatehouse for
access control, outside light.
ing, and security fencing
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Table 3.11. Relative sequence of major
construction activities for DWPF

Approximate

Activity duration®
{months)
Generai
Maobilize field staff 6
Construct temporary facilities 18
Provide project management/
field office support Continuaus
Establish and maintain site
security Continuous
Receive and store construction
materials Contifiuaus
Perform inspectian and testing Continuous
Site development
Clearing and gruhbing 5
Excavate, fill, and grade site? 15
Install roads and rail facilities 10

Maior structures
Place concrete footings, tunnels,

and slabs? 17
Walls, elevated slabs, and rooft 36
Install equipment 13
Install piping 60
Install electrical equipment/wiring 427
Install instrurmentation 38
Painting and insulation 24

2Duration periods typically averlap,
5 Activity may be limited during rainy seasons.
Source: ELD, Sact 4,
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Fig. 3.11. Work force required to build and operate the reference DWPF,
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about 0.8 ha of pine plantations and natural forest. Consumption of about 1000 m3/d of water is
expected during construction. No mineral deposits of commercial value are known to exist in the
area of facility construction.

An estimated 2.5 x 10% m? of concrete and 36 x 103 t of structural steel and reinforcement bars
will be irretrievably committed to construction. Fuel consumption for heavy machinery and
related engine-driven equipment is estimated to be 8.7 x 103 m? of gasohol, 8.7 x 103 m3 of
diesel fuel, 75 m3 of propane, and 190 m® of Chem-o-lene.

3.1.6 Facility operation

3.1.6.1 Schedule
The anticipated stari-up date of the DWPF is 7989. About 15 years of operation is expected to be

required to process the inventory of waste projected at start-up. The facility will operate until
all high-level waste generated at SRP through 2002 has been immobilized (see Sect. 3.1.1.1}.

3.7.6.2 Operating manpower

The operating force is expected to number about 700 workers for all DWPF activities to transfer
the wastes to the 200-S area, process the wastes to produce canisters of immobilized waste and
decontaminated salt solution, store the canisters, make saltcrete, and prepare and operate the
saltcrete disposal area. Figure 3.11 shows the operating manpower required during the facility
run-in period and by year after startup.

3.1.6.3 Operating costs

The estimated maximum annual operating cost of the DWPF is 860 million in FY 1980 dollars. These
costs (in millions) are broken down as follows:
108 $
Direct labor 21
Overhead 14
Glass canisters and major 10
equipment replacement
costs
Other materials and supplies 15
Total 60

Lower costs will prevail after the initial waste inventory has been processed. The total
aperating cost for 28 years of operations is $1350 million dollars in FY 1980 dollars.

3.7.6.4 Expected releases and discharges!!

Radioactive releases

innual atmnenhardir ralaacac Af tatal radipartivity racalting Fram ractina nraraccinag nf Eo ar 162
FAFTI VA )y “Hlludpllﬁl 1w TCciiclaco ¥} WA LA THUIyuawuiy ll,‘y I:al.ll\-llla L L) I WwuuiIrnc< Fl U\-CJ;'IUS A ot Wi LR~ 3
year-old wastes at maximum expected operating capacity {50 L/min) are presented in Table 3.12.
Releases are from the DWPF 84-m stack, regulated facility vessel vent, and the saltcrete plant

vessel vent. Table 3,13 tists the tota) annual atmospheric releases from SRP.

The only source of radioactive 1iguid release is the condensate from the DWPF general purpose
Monitored condensate will be pumped to Four Mile Creek by pipeline. The estimated annual release
of radicactivity is listed in Table 3.12. The total annual liquid releases from SRP are presented
in Table 3.13.

The radiocactive solid waste handling operations are to be closely coupled with the process func-
tions of the DWPF. Design of process egquipment, cranes, hot and warm maintenance cells, and
decontamination facilities will provide the dual functions of process maintepance and waste-
management operations. Provisions will be made for shipping the largest process equipment (i.e.,
3.7 mx 3.7 m x 6 m spray calciner) and the heaviest {27-t glass melter) process equipment to the
burial ground by railroad car. Smaller equipment will be transported in a shielded cask car.
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Table 3.12. Annual atmospheric and liquid radicactivity refeases (Ci} from DWPF?

Release point and

Radioactivity released during normal operations

type of radioactivity S.year aged wastes 15-year aged wastes

Sand-filter stack

Tritium 2.8E1 1.6E1

Fission products 1.1E-1 8.5E-3

Uranium 3A4E-10 B6.8E-10

Transuranics 24E5 19E.5
Regulated facility vessel vent

Tritium 4.0 22

Fission products 2.2E-5 2.0E-7

Uranium t4E-13 2.8E-13

Transuranics 1.9E-10 23E-10
Saitcrete plant vessel vent

Tritium 7.7 4.4

Fission products 46E-5 4.3E-7

Uranium 3.0E-13 6.0E13

Transuranics 389E10 4.7E-10
Liquid discharge

Tritium 18E3 1.1E3

Fission products 5.1E4 JIE4

Uranium J6E-1 7.1E-11

Transuranics 2.6E6 20E6

? Abstracted from lists of radionuclide releases in TDS, DPSTD-77-13-3, Sect. 8,

Table 3.13. Annual atmospheric and

tiquid radidactivity releases

(Ci} from SRP

Atmospheric discharges

Tritium

Fission products?®

Uranium

Transuranics
Ligquid discharges

Tritium

Fission products

Uranium

hy
FTETIUT NS

3.4E5

3.4E-1
24E-3
2.6E-3

2.9E4
1.8£0
6.4E-2

Q7c_72
O.fie—=3

?Does not include noble gases.

Source: TDS, DPSTD-80-39, Table 7.7.

Much of the job control waste will be shipped by regﬁlated truck because of its relatively low

level of radioactivity.

Nonradioactive releases

The waste types and projected annual volumes are given in Table 3.14.

Nonradicactive liquid, gaseous, and solid wastes will be generated during normal operation of
DWPF. Gaseous wastes include diesel engine exhausts, powerhouse combustion products, and

chemical releases from processing.

Powerhouse combustion products are treated through a mechan-

jcal dust collector, an electrostatic precipitator, and a sulfur dioxide scrubber. Tables 3.15
and 3.16 list estimated emissions from diesel generators and the coal-fired power plant,
respectively. A1l emissions to the atmosphere will be within emissions standards set by South
Table 3.17 lists the estimated drift releases from the DWPF cooling tower.

carolina and EPA.

Liquid wastes include chemically contaminated wastewater and sanitary wastewater. Chemically
contaminated wastewater will originate from ash basin effluent, cold-feed spills and wash down,
coal pile runoff, and chemical contamination of rainwater runoff. Table 3.18 lists estimated

average flow rates from each spurce, Streams from these sources will be collected, blended, and

HEEE=t-L A}

it

treated in a chemical and industrial waste treatment facility designed to accommodate a maximum
flow rate of 950 L/min before discharge to the environment. Design objectives for the treatment
facility are summarized in Table 3.19.
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Tabte 3.4, Annual DWPF radioactive solid waste generation

Waste type V?,I,ug".‘e
im=]
Normal process

Combustible 600
Noncombustible

Job control 150

Misceilaneous 150
Resin beds 14
Adsorber cofurns

Sitica gel 0.1

Zeolite 1
Filters

Deep bed washable filter 0.5

Sintered metal 2

Replacement process equipment

Spray caleiner 16
Glass melter 2
Centrifuge 1
Pumps 0.6
Valves 0.2
Jumpers 0.7
Vessets 0.6
Vesse! vents 4

Source: TDS, DPSTD-77-13.3, Table 12.1.

Table 3.15. Estimated emissions from
DWPF diesel generators per year'

Emissions? kg/year
Carhon monaxide {CO) 220
Unburned hydrocarbons 80
Nitrogen oxides {NO,) 1000
Sulfur dioxide {30, 65
Particulates 75

anased on estimated consumption of
18,000 L/vear of diesel fuel.

SEmission factars from Facilfties Gen-
oral Design, DOE Manual, Chap, 6301,
Part {1, B.R. {March 1977},

Source: EID, Sect, 5.

Sanitary wastewater generated in all S-area buildings will be discharged to sanitary sewers that
terminate in a secondary treatment and disposal system capable of handling 100 m3/d, The treated
effiuent will be spray irrigated or released to Four Mile Creek, which currently receives about
230 m¥/d of sewage effluent from the F- and H-areas. Sanitary wastewaters from Z-area will be
sewered to a septic tank for treatment and dischargs via a tile field.

Nonradioactive solid wastes will be typical of chemical and other nonnuclear industrial wastes
and will be generated by DWPF support activities. An estimated 340 m3/year of untreated solid
waste composed of combustible and noncombustible materials collected from offices, Tunchrooms,
restrooms, and nonregulated utility and storage buildings is expected to be generated in the
DWPF. About 60 m3/year of these wastes can be salvaged. An estimated 5900 t/year of coal ash
from the bottom of the powerhouse boilers, fly ash from the mechanical dust collectors, and
particulates from the electrostatic precipitators will be transported to the ash basin.
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Table 3.16. Emissions from
the DWPF coal-fired
power plant

t'year

‘Coal consumed 46,000

50; produced 1,1507
S0, emitted 170°
Ash produced 2.900°
Fly ash emitted 20¢
NOx emitted 360°

agased on sulfur content
of 2.5%

b Assumes 85% removal of
S0, by scrubbers.

¢ assumes ash content of
coalis 6.3% of which 70% is
fly ash and 9%% of the fly

ash is removed by electre-

static precipitators.

dEstimated from an emis-
sion rate of approximately
280 kg NOQ,/TJ of heatinput
assuming a heating value of
28 MJ/Kg.

Source: E1D, Sect. 3.

Table 3.17. Estimated dritt releases from the DWPF cooling tower?

Tuscaloosa « Estimated

Wat'er groundwater concentration Total released per year
quality quality® in drift® tkg)
parameter
{ppm} (ppm)
Tran {Fe) 0.0-0.77 0.0-3.1 0-90
Calcium (Ca) 0.3-14 1.2-56 36-170
Magnesium (Mg} 0.0-09 0.0-36 0-110
Sodium and 0.9-8.7 3.6-268 110-800
potassium
{Na + K}
Sulfate 05-4.8 20-192 §0-570
(S04)
Chloride 08-40 3.2-16.0 95480
cn
Flouride 0.0-0.1 0.0-0.4 0--12
[t
Nitrate 0.0-8.8 0.0-35.2 0-1000
(NO4 )}
Dissolved 14-28 56—112 17003300
solids

4 Assumes no change in Tuscaloosa water quality during use in the cooling
system or from cooiing water treatment.

bSource: EID, Sect 2.

€ Assumes a cancentration factor of 4.

Source; EID, Sect, 5,

Environmental monitoringl7:18

Monitoring at the DWPF area will follow the same general program type as used for other production
areas on the SRP site. Ongoing onsite and offsite monitoring programs will continue during con-
s@rl‘nctmn and operation of the DWPF without any specific modification. Monitering programs spe-
cific to the DWPF area will evaluate gaseous, solid, and liquid releases. Effective guality assur-|

ggce g;:ctices will be used to assure the accuracy and validity of the environmental man ftar ing TC
ograms.,
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Table 3.18. Sourcas and flow rates of nonradioactive aqueous
streams to the chemical and industrial waste treatment facility

- Flow rate
Source (Lfmin)
Ash basin effluent
Cooling tower purge 190
Sodium ¢ycle regenarant 1
Boiler blowdown 13
Cold feed area
Chemical spills <1
Rainfall runoff
Coal pile runoff 6
Mockup building effluent <1
Total ~232

Source: EID, Sect. 3.

Table 3.19. Effluent design objectives for the chemical
and industrial wasta treatment €acility

Total suspended solids, mg/L. 10
pH 6-9
Cit and graase, mo/L 10
Heavy metals, mg/L
Arsenic 0.5
Barium 10
Cadrnium .10
Chromium B 0.5
Lead 05
Mercury 0.02
Sefenium ’ 0.10
Silver a.50

Source: EID, Sect. 3.

Air and stack emissions. Thermoluminescent dosimeters (TLDs) to be Tocated in each corner of §-
and Z-areas will be read quarterly for radiation exposure data. Air samplers for collecting
particulates will be Yocated at boundary Tocations in the $- and Z-area as well as at each of
the atmospheric release points. Exhaust air from process facilities will be continuously moni-
tored and equipped with audible alarms.

Groundwater, Sampiing wells will be lacated in the S-area near the processing areas and around
the ash disposal basin and in the Z-area in the vicinity of the saltcrete plant and the burial
area.

Soil. So0il samples will be routingly collected in the S- and Z-areas for gamma, 9%Sr, 238py and
T39Pu analysis,

Vegetation. Grasses near the Z-area burial ground and in the S-area will be sampled to evaluate

deposition of particulates. The monthly samples will be checked for alpha activity, nonvolatile
beta activity, and specific nuclide analyses.

Aqueous discharges. Discharges from the general purpose evaporator will be monitored for
radicactive content prior to discharge to Four Mile Creek.

Other 1iquid discharges from the areas are rainwater and treated chemical and industrial wastes.
These wastes will be monitored in accordance with EPA and SC permitting requirements before
release to Four Mile Creek. :

KM gy and resource requirements

DWPF operating energy and resource requirements include major chemicals, water, liquid fuel, and
coal. Table 3.20 1ists the monthly consumption of major chemicals. Tables 3.2%1 and 3.22 list
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Teble 3.20. Bulk chemical consumption rates

Quantity
. Congentration  Consumption? \ per shipment

Material (%) (t/month) Shipments P
NaOH 50 390 7 Cars 58
HNO, 51 23 1 Car 25
Glass frit 211 100 59 1 Car 85
CO, 100 14
Cement 100 3400 150 Trucks 23

?Consumption rate is based on design waste processing rate of 45 L/min.
Source: EID, Sect 3,

Table 3.21. Inventory and consumption rate of other
chemicals and supplies

. Normal
Consumpuo: inventory
Material {kg/month) kg}

Hydroxylamine sulfate 2,600 5,400
Potassium permanganate 1,100 2,700
Oxalic acid 7,100 15,000
Manganous nitrate 150 360
Starch 120 270
Ammonium carbonate® b 13,000
Ammonium hydroxide (20%)° b 16,000
Polyelectrolyte 03 5
Sodium ethylenediaminetetraacetate (39%) 4,200 17,000
Sedium fluoride 1,200 5,000
Smear papers, No, 3,650 15,000
Canisters, No. 60 90

?Based on waste processing rate of 45 L/min.

PMore than 99% of all ammonia is expected to be recovered and
reused; the inventory simply provides for replacement if, for example, all
ammonia in the process is lost or contaminated.

Source: EID, Sect, 3.

Table 3.22. Inventory and consumption rate of other materials

Con;umption i::z:‘r:;lv

Material {m* /year} (m?)
Duolite® ARC 359 ion-exchange resin® 1 33
Amberiite® IRC-718 lon-exchange resin® 28 8.3
Zeolite 37 18
Coal, 20—30 mesh 1.0 0.8
Coai, 30-50 mesh 0.4 03
Sand, 25—45 mesh . 28 241
Sand, 40—60 mesh 21 1.6
Silver mordenite 1.1 4.8
Silica gel, 6—12 mesh ¢ <

#Diamond Shamrock Chemical Co.

®Rohm and Haas Co.

"Requirements not well defined, silica gel expected to last several
years.

Source: EID, Sect. 8.
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gther chemical and material requirements. The amounts are nominal and the materials are ordinary .

and available. Table 3.23 lists the DWPF average groundwater consumption rate, which is about
20% of the current SRP use (Sect. F.4). The total liguid fuel consumption at the DWPF will equa)
about 18,000 L/year of diesel fuel for testing the emergency generators. The coal-fired steam
plant at DWPF will consume about 43 x 103 t of coal per year. The OWPF will use approximately
150 GWh of electrical energy each year.

Table 3,23. DWPF average water consumption

Consumption
System {L/min)

Domestic watar

Drinking, sanitary, safety showers 49
Service water
Boiler makeup 180
Sodium cycle softener regeneration 1"
S0, scrubber system 190
Process cold chermnical makeup 42
Laboratory sink and drain flushes 4
Equipment flushes, etc. 130
Cooling tower
Evaporation 1700
Orift 57
Purge 190
Total 2560

Source: EID, Sect. 3.

3.1.7 TJransportation of solidified high-level waste in
canisters to a Federal repository

Periodically, canisters containing immobiiized HLW will be transferred from an interim storage
facility at SRP to a Federal repository for disposal. The SRP is well serviced by good railroad
and highway networks. These networks from the DWPF to points about 150 km distant are described
betow. The 150-km distance was chosen because, once a shipment has reached this distance, the
number of route alternatives becomes quite large. For example, at about 150 km from SRP, major
centers of transportation are found from which a shipment could proceed to most any repository
location. Because a repository site has not yet been selected, definition of shipping routes is
not possible (4,800-km shipping distance was assumed in the EIS). Information on transportation
technelogy, regulatory requirements, and risks are presented in Appendix D.

Casks containing waste canisters may be transported to a federal repository by either rail or
highway carriers. GConceptual casks have been proposed for each mode.

3.1.7.1 Railroad network

The SRP is traversed by one railroad, the Seaboard Coastline, which has one line of track running
southeast from Augusta to Allendale and a branch that runs northeast across the southern portion
of the plant (see Figs. 3.12 and 3.13), a route that eventually leads to Florence, South Carolina.
SRP operates its own on-plant-railroad, which services its in-house needs. DWPF will be so
serviced. Interchange to the Seaboard Coastline Railroad is accomplished in the SRP Classifica-
tion Yard located near-*he southeast corner of the plant (Fig. 3.12). A number of rail cars can
be held or stored in tha Classification Yard.

3.1.7.2 Highway network

SRP primary roads are paved and wel)l maintained, The DWPF will be served by such a road.
External roads providing access to the plant are South Carolina 125, South Carolina 19, South
Carolina 781, South Carolina 64, and U.S. 278 (Fig. 3.14). These roads connect with interstate
h1gh¥ays at Augusta, Georgia; and Columbia, Aiken, and Orangeburg, South Carolina; and other
peints.
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3.1.8 Decontamination and decommissioning

The DWPF will be designed to facilitate decontamination for future decommissioning in accordance
with DOE facilities General Design Criteria. Although an overall site plan for decontaminating
and decommissioning (D&D) of all facilities at the SRP has not been developed, the DWPF itself
will be another facility that will presumably be subject ultimately to D&D. However, it will not
be a large factor in the overall total. Because the waste tank farms will be included in the SRP
D&D, early installation of a DWPF will facilitate total D&D by reducing the total number of tanks
to be decommissioned. Overall, only by having a DWPF in operation can the ultimate objectives of
D&D be achieved, since it is needed for disposai of the SRP high-level radiocactive wastes. The
development of the SRP decontamination and decommissioning plan, which will include the DWPF and
the waste tanks, will go through environmental and public review before adoption; the decon-
tamination and decommissioning option inciudes, but is not limited to, decontamination and
dismantlement for return of the land to the public and decontamination and entombment with access
control. D&D activities have been carried out safely for other nuclear facilities.!9722 Poten-
tial effects of D&D for the DWPF and waste tanks are described in DOE/EIS-0023.23

3.2 DELAY OF REFERENCE IMMOBILIZATION ALTERNATIVE

The authorization, construction, and startup of facilities for immobilizing the high-Tevel wastes
at SRP could be delayed until such time as a Federal repository would be available to receive the



3-32

ES-5530 .'

Fig, 3.13. Railroad network in the vicinity of SRP. [Note: The Central of Georgia (C of
G), shown operating south of Augusta, {5 part of the Southern Railroad System and operates as
a subsidiary.] Source: Rand McMally, "Handy Railroad Maps {By State},” 1980 edition.

canisters of solidified waste. The delayed DWPF assumes that processing of wastes will begin 1in
1999, a delay of 10 years. It is assumed that a Federa)l repository would then be available to
receive the immobilized waste so that no more than 90 days of interim storage would be required
and that a decision on the waste form would have been made for the OWPF. Eor conservatism the
reference immobilization design was used in performing the impact analyses. In the analysis
given, the differential effects estimated for the delay of the reference alternative are -

applicable also to delay of the staged process alternative.

Reactor operation at SRP is assumed to continue through 2000 and chemical separations of
irradiated material to 2002, as stated in Sect. 3.1.1.1. Liquid wastes would continue to be
generated and processed, producing sludge and saltcake, which would be stored in tanks., Because
immobilization of these wastes is delayed, the quantity of liguid wastes requiring storage
increases over the reference case. This increase requires the construction of additional waste
storage tanks. Storage requirements for canisters are reduced because once waste tmmobilization

begins, a repository that can receive canisters is assumed to be available.

Immobilization of the high-level waste has already been deferred for some 25 years at Savannah

River. Although there have been no failures or releases, the longer the delay, the greater is

the risk of leaks and spills. Obviously, it can be delayed for a few more years if necessary;

however, the technology is now fully available to proceed with the DWPF, either in a reference or .
staged version., A 10-year delay in immobilization of the SRP wastes can result in both beneficial

and adverse technical, economic, and environmental effects.
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Fig. 3.14. Highway network in the vicinity of SRP.

Delay can make time available for additional studies for technical topics such as advanced waste
forms, interactions between waste forms and the repository host rock, waste form processing
technology, and alternatives to geologic storage. Delay can also reduce the following: the need
for interim storage of the immobilized waste, which accounts for about 5% of the other DWPF
expenditures; the socioeconomic impacts, by timing the construction to require a smaller more
constant construction work force; and the level of activity of the waste which continues to decay
with time. Reduction of the radicactivity of the waste is a minor consideration because the DWPF
will be processing aged wastes in the existing inventory for at Teast the first half of its
lifefime. After this time, the wastes being processed will have had sufficient time to decay to
activity levels appropriate for processing.
The benefits of delay are offset by some important disa
dispersible than the immobilized waste. It thus presen
close surveillance not only as a normal procedure but alsc to protect against unforeseen events
such as sabotage and natural catastrophies. Delay of the DWPF will require construction of new
waste tanks throughout the delay period (about ane each year at a cost of about $10 million each
in 1980 dollars). Also, a prolonged delay may necessitate construction of additional replacement
tanks. The Savannah River Plant is currently in full operation and can provide backup support
for the DWPF by personnel experienced in waste operations. A long delay in DWPF construction and
operation can result in dispersion of currently assembled R&D, design, and management teams with
the consequent loss of accumulated knowledge and experience.

x

3.2.17 Process description

The general process steps for this alternative are the same as for the reference case described
in the introduction to Sect. 3.1.1, However, the quantities of 1iquid wastes and the required
number of tanks increase as described below.
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3.2.1.1 Description of wastes

The tota) volume of high-level radicactive waste stored in tanks by 1999 is expected to be about
114 x 107 m3, consisting of 76 x 10% m3 of saltcake, 19 x 10® m? of sludge, and 19 x 103 m? of
supernatant. These figures can be compared with 62 x 103, 15 x 103, and 24 x 10% m3 of saltcake,
sludge, and supernatant, respectively, in the reference case.

The nunber of waste tanks through year 2002 required for waste storage increases to a maximum of

38, compared to 27 in 1988 for the reference case. No additional tankage is planned beyond this
number because waste immebilization begins in 1999.

3.2.1.2 Removal of wastes from storage tanks

The operations described in Sect. 3.1.1.2 apply to this alternative except that the start of
operations and the quantities will change. Starting in 1999, removal of wastes aged more than
15 years {for Rul96 decay) from the 38 tanks expected to be in service will require about

250 x 10% m? of water to slurry the sludge and dissalve the saltcake resulting in about

370 x 103 m3 of waste to be processed.

3.2.1.3 High-level waste immobilization and transfer to storage

The interim storage building will be of the same general type of construction but will be
designed to store only 125 canisters of selidified waste {90 days' production} compared with
6500 canisters for the reference case,2"

3.2.2 Facility description

A1l of the facilities discussed in Sect. 3.1.3 are required for this alternative. The waste-tank
farm will need to be enlarged by the addition of eleven new tanks to store the wastes produced
from chemical separations through the year 2002 when separations operation is assumed to cease.
The canister interim storage building and vault area will be much smaller to provide interim
storage of only 90 days’ production of canisters (125) instead of the 13 years' production of
canisters (6500) assumed for the reference case.

3.2.3 Facility construction

The start of construction for this altermative is assumed to be 1992, 10 years after the date
given in Sect, 3.1.5. Construction costs {in 1980 dollars) are assumed to be less because of the
reduced size of the canister interim storage building. However, during the 10-year delay period,
a total of 11 additiconal waste storage tanks will need to be constructed at an estimated cost of
$10 x 10® per tank {1980 dollars).

The expected releases and discharges and the energy and resource requirements are estimated to be
the same as for the reference case.

3.3 STAGED PROCESS ALTERNATIVE (PREFERRED ALTERNATIVE)

The processing of the high-level wastes at SRP could commence in 1989 in stages in order to
reduce the initial and total capital investment compared with that of the reference immobiliza-
tion alternative. The saving in the initial capital investment is due to staging; the saving in
the total capital investment is due to improvements resulting from an ongoing R&D program.

The first stage, Stage 1, will provide an immobilizatfon facility to incorporate the insoluble
Sludge partion of the wastes, which contaip most of the radionuclides, into a borosilicate glass
that will be sealed in canisters and stored onsite until shipped to a Federal repository.

The second stage, Stage 2, will provide a facility to decontaminate waste salt solutions and

gransfer recovered radionuc)ides {Cs, Sr, and Pu) to the Stage 1 immobilization facility for

Incorporation into borosilicate glass. The decontaminated salt solution will be incorporated
into a concrete matrix and placed in am engineered landfill {Sect. 3.1.1.7}.

Operation of the Stage 1 facility will be initiated about three years prior to startup of the
Stage 2 facility and will continue to be operated jointly with the Stage 2 facilities for the
lifetime of the project. Operation of the Stage 1 facilities prior to Stage 2 startup is referred
to as an uncoupled operation, whereas operation of the total facility is coupled operation.



3-35

native

The sta?ed process incorporates the following major changes from the reference immeobilization alter- 3-25

see Sect. 3.1.4), which reflect improvements resulting from the ongoing R&D program:

1. Sludge feed to vitrification will have the aluminum compounds dissolved and will be washed
using hydraulic mixing and gravity settling in 4.9 x 103 m3 tanks in the 200-Area liguid
radicactive waste handling and storage facilities (the waste tank farms}. This change
simplifies the sludge washing process by eliminating the centrifuges and reduces the size of
the DWPF building. It alsoc provides greater process flexibility by decoupling sJudge and
supernate processing. These steps are planned to be carried out in the normal operations of
the waste tank farms independently of DWPF availability, as the older tanks are removed from
service and replaced by new tanks of increased reliability now under construction., Gravity
settling is the first step of supernate clarification.

2. The spray calciner and associated glass melter have been eliminated in favor of a direct
1iquid-fed continuous melter. This change decreases the required building height and should
increase operationai reliabiiity.

3. The dual ejector-venturi scrubbers {contact condensers) and deep-bed washable filters have
been replaced by a single ejector-venturi scrubber and a pair of high-efficiency venturi
scrubbers. High-efficiency venturi scrubbers can be used because the liguid fed melter off-
gas flow rate is Tower than that of the original DWPF calciner/melter, which must handle the
atomizing air. The high-efficiency scrubbers will be easier to maintain in a canyon
environment.

4. The canister closure weld preparation step has been eliminated, and leak testing of the
canister c¢losure and closure rework facilities have been eliminated. The acceptance test
for a weld closure will be visual inspection via a television monitor. Consideration will
be given to later provision of leak testing, if required, in connection with faciiities for
shipping the canisters offsite.

5. The HF-HNO, canister decontamination process has been replaced with wet abrasive blasting
using glass frit and water.

6. As a result of changes 3 through 5, the alternative DWPF mechanical cells are reduced to a
single cell approximately the size of the principal original cell.

7. The need for a new coal-fired power plant has been eliminated due to less demand for steam
and better steam utilization from existing boilers.

Flexibility in the staged process alternative results from beginning sludge processing and vitri-

fication before supernate processing, This approach significantly lowers the initial capital
investment required to begin immobilizing SRP waste.

3.3.1 Process description

High-level wastes stored in tanks at SRP as insoluble, highly radiocactive sludge will be
immobilized in borosilicate glass in the Stage 1 facilities. The encapsulated mixture of waste
and glass will be stored in canisters in an expandable surface facility until shipment to a
Federal repository. In the Stage 2 facilities, the remaining high-level wastes, stored as
precipitated salts and supernatant {liquid), will be decontaminated and processed into saltcrete
monoliths for burial on the SRP site. The cesium, strontium, and plutonium recovered during
decontamination of the salt solution will be incorporated into the borosilicate glass. ’

Facility process flows for Stages 1 and 2 are pictured in Figs. 3.15 and 3.16. The following

discussion describes the processes proposed for treatment of wastes during each stage and the
points of potential radiocactive release to the environment,

3.3.1.17 Removal of wastes from storage tanks

In 1988, 27 waste storage tanks (including emergency spares and evaporator feed tanks) are
expected to be in service. These tanks will contain an estimated 60 x 10? m® of damp saltcake,
15 x 10® m3 of settled sludge, and 30 x 10® m3 of supernatant liquid. It is expected that about
165 x 103 m3 of water, together with the supernatant, will be required to slurry the sludge and
dissolve the saltcake, resulting in about 270 x 103 m? of waste to be processed,

Stage ]

The settled siudge will be slurried with water and treated with hot {90°C maximum) caustic
solutions in an existing tank in order to reduce the volume of insoluble aluminum compounds by
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Frit Siurry

about 75% by converting them to a soluble form. The sludge will be washed to remove soluble
salts. These operations have been safely demonstrated with existing SRP waste and are planned to
be part of the interim waste management pregram in transferring waste from existing older tanks

to new tanks. Incorporation of these types of improvements to the ongeing interim waste manage-
ment operations is discussed in ERDA-1537, Final Envirownmental Impact Statement — Waste Management
Operations, Savannah River Plant, and discussed in more detail in DOE/EIS-0062, Final Environmental
Impact Statement (Supplement to ERDA-1537, Sept. 1977), Waste Managememt Operations, Savannah
River Plant; waste transfer and storage operations are part of the interim waste management
operations and are independent of consideration in the scope of this EIS. Salts from the

aluminum dissolution and sludge washing will be cancentrated in the tank farm evaporators and
added to the existing inventory of saltcake for eventual processing in Stage 2 facilities. The
washed sludge-siurry, containing a maximum of 2 wt % salt {dry basis), will be pumped at a design
rate of 3.2 L/min to the Stage 1 facility for immobilization.

The radionuclide activities of sludge-slurry feed from wastes aged 5 and 15 years* are about 49
and 18 ¢i/L, respectively. The sludge slurry will contain about 19% solids.

Stage 2

At startup of the Stage 2 supernatant processing facilities, projected to be in 1991, the Stage |
immobilization facility will have been in operation about three years. The waste inventory that
is estimated to be on hand is 11 x 103 m3® of sludge, 62 x 103 m3 of salt, and 27 x 10? m3 of
liquid.

*
) Specific design criteria for processes leading up to and including waste immobilization
include the selection of sludge that has aged a minimum of 5 years and saltcake that has aged
a minimum of 15 years,
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Water from the F and H chemical separations areas and the Stage 2 evaporator supplemented by
fresh water, will be used for salt dissolution. The water will enter through spray nozzles near
each tank top to promote top and wall cleaning as layers of salt are removed. Efficient dis-
solving will be promoted by the use of circulating pumps for liquid agitation. In Stage 2
processing, the supernatant from the tank farm will be clarified by the addition of polyelectro-
lyte and sand filtration. -

The collected sotids will be fed to the Stage 1 immobilization facility and the clarified liquids
to the Stage 2 supernatant processing facilities. The design feed rate for supernatant from the
waste tank farm will be 48 L/min. The total quantity of supernatant feed through 2002 is
estimated to be 350 x 103 m3.

The salt/supernatant contains primarily sodium nitrate, nitrite, and hydroxide and has an average
density of 1.23 kg/L. The total radionuclide activities for wastes aged 5 and 15 years are 2.1
and 1.5 Ci/L, respectively,

3.3.1.2 Waste immobilization

The products of the staged DWPF are the same as for the reference immobilization alterpative,
that is, they are canisters of immobilized high-level waste and concrete monoliths incorporating
slightly radicactive salt.
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Stage 1

The immobiiization of washed siudge wiil produce about 500 canisters of borosilicate glass per
year, The canister design is shown in Fig. 3.3. The facilities will be designed to process
5-year old sludge. The processing facilities for the Stage 1 immobilization facility will be
similar to the reference process except that the multiple-spray calciners and the joule-heated
continuous melters will be replaced by a single, large liquid-fed melter. Because the glass from
Stage 1 processing before the start-up of Stage 2 will not contain cesium-lcaded zeolite or any
waste associated with Stage 2 facility cperations, the glass will contain about 20% more sludge
than the reference process. A summary process-flow diagram is shown in Fig, 3.15. The washed
sludge-sturry will be transferred to the slurry receipt tank that feeds the sTurry mix evapora-
tor, to which is also added a slurry of new glass frit and spent frit/water from the mechanical
decontamination cell. The composite slurry will be concentrated to 40 wt % salids, after which
it will be transferred to the melter feed tank.

The liquid-fed, joule-heated melter will evaporate the water from the slurry feed, melt the
borosilicate glass frit, and combine the melt with the waste to form the homogeneous molten glass
to be poured into stainless steel canisters (Fig. 3.3). As in the reference design, the borosili-
cate glass will contain about 28 weight percent waste oxides. The characteristics of waste in a
single container are estimated to be:

Stage 1/Stage 2

Stage ] coupled
Total activity 134,000 Ci 149,000 Ci
Heat generation 416 W 423 W

Actual content, at teast initially, is expected to be somewhat lower because of the greater age
of the stored waste.

After the canister is filled, it will be rapidly cooled to minimize devitrification. Cooled
canisters will be moved to the mechanical area, plugged and welded closed. The weided canisters
will be moved to the decontamination area and grit blasted with a slurry of 20% by weight glass
frit in water. After one use, the slurry will be used as feed to the slurry mix evaporator.

Stage 2

The decontamination and immobilization of the supernatant will produce about 800 monoliths of
saltcrete, each about 6 x 6 x 15 m. Apout 530 m3 of saltcrete will be produced each week.
Supernatant (salt solution) will be transferred from the tank farm to the sand-filter feed tank
in the Stage 2 facilities at a design rate of about 48 L/min. In the facility (Fig. 3.16}, the
trace suspended solids will be removed from the salt solution by sand filtration through two
filters in serjes. Following filtration, the supernatant will be processed sequentially through
two stages of ion exchange, first to remove cesium and trace amounts of plutonium, and then to
remove strontium. The recovered cesium, plutonium, and strontium will be eluted from the loaded
jon-exchange columns, concentrated by evaporation, and transferred to the immebilization facility.
The deconiaminated but siightly radicactive salt solution will be incorporated into a concrete
matrix and placed in an intermediate-depth burial ground. The design rate of salt production
will be about 1200 kg/h (as salt in saltcrete). The radioisctopic content of the saltcrete is
similar to that described for the reference immobilization alternative. Table 3.24 gives the
radioisotopic composition of the saltcrete from coupled operations.

The decontaminated salt solution from the hold tanks will be processed as described in Sect.
3.1.1.7 to form the saltcrete monoliths in the intermediate-depth burial ground,

3.3.1.3 Transfer of waste to storage

The filled, ceal-welded. decgntaminatad canicters. each containing 625 L of alass will be
the filled, seal-weided, decontaminated canisters, each containing 625 L of glass will be
moved on a shielded vehicle from the mechanical cell to the interim storage building. The
discussion for the reference process in Sect. 3.1.1.6 describes one method of transfer.

The interim storage building will receive and store canisters in a shielded, air-cooled environ-
ment. The building capacity will be for two years of production (1026 canisters), but provisions
will be made for later expansion, depending upon availability of a Federal repository.
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Table 3.24. lsatopic content of saltcrete from
Stage 1/Stage Z couplad operation
using 15-year old wastes?

Concentration Concentration
Isotope InCilg) Isotope {nCi/g)
34 2.1 144p, <BE—1
59y <19E-4 144mpy <BE-
89Co <5€-1 144ng 43E_1
B3Ni <1.8E-2 7P 16E0
[ 6.3-2 48pm 1.6E—-16
%7 Rb 166-7 148mpy 22E-15
B9gy 24E-14 #75m 32E-7
20gr 3.06-1 148g5m 50E-13
0y 3.0E-1 H9gm 16E-13
Sy 44E-13 5TSm 2.0E+1
B z¢ 16E-2 52gy 2DE-2
4Np <3.0E-7 154p,, <5E-1
95 Z+ <5E-1 WS Ey 1.0E0
9SNp <5E-1 1801y 25E-12
WMy 28E-11 67 7AE-17
BTg 1.9E+1 207y B.6E—8
gy 2 6E-12 2087 1.0E-3
1060y, 14E+1 2087 9,1E--12
103m oy 2.8E-12 282 6.1E-5
1% Rh TAE+] =3y 89E-9
187pg 4 3E-3 24y 33E—4
10ag <5E—1 2384 4 8E-7
18M ey 1.1E-14 238 10E—5
mgg 28E-2 238y I GE—6
1235, 5 9E—7 236, 1.6E-10
1265, 14E-3 DINp 80E-5
12454 16613 238py 3.2E-7
1255 6.0E0 238p,, 40E=2
85 1964 238py 41E-4
126mgp, 14E-3 240py, 26E—4
125m Ty 7.3E0 2#1py 3.08-2
1277 2.0E-6 242py, 35E-7
127 e 2.0E-6 241 Am 19€-1
12914 5.0E—17 . M2am 1.2E-4
129m T, 78E-17 2921 Ay 1.26-4
129) 6.7E-2 293 Am 52E-§
fale) <BE—1 Mzgm 1.0E-4
W 5.7E-5 2430, 39E-5
e 15E+1 2840, 1.0E-3
131mg, 1.4E+1 2450m 6.0E-8
“ice B.OE—17 246 7y 48E_9
2ce 8.5E-7 #om 59E-15
nato™ <SE—1 280 6.1E—15

2Values less than 10— 29 nCi/g are not included.

2.1 X107,

[~ JR o ADCTR BA 20 Taile 4 14 owmac . ST SING P
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which are from unpublished data
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The cost of expansion in two-year increments will be about $32 millian (1980 dollars) each, or an
additiona] $160 million to be equivalent to the reference immobilization alternative (6500
canisters). The construction activities for the five additional increments would be spread

over a much Tonger period than if the total facility were built initially, as in the reference
alternative.

3.3.1.4 Effluent control and processing

Stage 1

Liquid wastes. During uncoupled operation liquid wastes will be returned to H-area and processed
through the tank-farm evaporators. Overheads will be released to existing seepage basins after
monitoring to verify compliance with existing release guidelines. The concentrated waste will be
stored in tanks until it can be recycled into Stage 2 processing.

In coupled operations, the concentrated waste from the tank-farm evaporator may be recycled into
either the Stage 1 or Stage 2 process. However, the evaporator overhead will be transferred to
the general purpose evaporator that is constructed as part of the Stage 2 facility.

in Sect. 3.1.1.8 for the reference nracess is anplicable exces

Gaseous wastes, The discu

S5
that the off-0as is from the
(Fig. 3.5).

1.1.1.8 fgor

B 20N PR S o)

ect, t
guid-fed melter instead

ion
1i
Stage 2

Liquid wastes. The discussion in Sect. 3.1.1.8 for the reference praocess is applicable except

that recycle evaporation will be conducted in an existing tank farm evaporator instead of a new
recycle evaporator,

Gaseous wastes. Discussion in Sect. 3.1.1.8 for the reference process is applicable except for A
the discussion concerning melter off-gases {melter operations are covered under Stage 1 operation).

3.3.2 Site selection

The proposed sites for the reference immobilization faciTit}, the saltcrete facility and the
burial area (5- and Z-areas) (Sect. 3.1,2) are also applicable to the Stage 1 and 2 facilities.

The Stage 1 facility will require about 37 ha {92 acres)} of cleared land, including 16 ha for
temporary construction facilities outside the 19 ha of fenced land. The site will ulTtimately
require about 51 ha to accommodate future expansion of the canister interim storage facility and
the Stage 2 facilities. The area map in Fig. 3.6 shows the proposed Tocation of the S-area.
Figure 3.17 is the S-area piot plan showing the Stage 1 facility Tocations., The Stage 2
operations will be located adjacent to the Stage 1 operations as described above. Figure. 3.18
is the S-area plot plan showing the Stage 2 facility locations. Criteria for the evaluation of
potential sites and the selection of the S-area site are discussed in detail in Sect. 3.1.2.1,
and the comparison of the three altermative sites is presented in Table 3.7.

The saitcrete mixing and burial site is designated the Z-area and is expected to require about
14 ha, of which 9.3 ha will be fenced. Figure 3.9 shows the proximate location of four potential
burfal sites, and Table 3.8 compares the sites. The discussion in Sect. 3.1.2.2 is applicable to
the Z-area site selection required for Stage 2 operations.

3.3.3 Facility description -
Stage ]

New facilities in the waste-tank farm will not be required for Stage 1 operations. Waste-tank
farm functions associated with the immobilization plant will be to (1) slurry and remove sludge
from waste tanks and (2) store and evaporate waste solution from the immobilization plant. Tank
farm evaporator overheads will be disposed of through existing systems having normal discharge to
the seepage basin during "uncoupled” operations. In “coupled" operations, a general purpose
evaporator will operate as described in the reference case.

New underground interarea transfer lines equipped with ventilated pump pits and diversion boxes
will transport sludge feed and recycle waste between the S-area and the H-area tank farm.
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The main processing building will house the glass melter and all associated eguipment required to
vitrify washed sludge. The rectangular building 99 m long by 40 m wide will house the process
cell, which includes a segregated mechanical cell within the process cell for canister sealing
and decontaminatfon. The building will also house process cooling-water systems, process equip-
ment decontamination facilities, a local control room for emergency operations, health protection
facilities, and supporting electrical, instrument, and maintenance shops, Process areas will be
of earthquake- and tornado-resistant construction. Areas, such as shops, railroad tunneis, etc.,
will be Tocated in contiguous standard construction facilities. Process equipment will be in
remotely operated cells, and maintenance will be performed remotely, except in certain locations
where contact maintenance will be permitted. Clean area facilities, such as control rooms ,
locker rooms, cold feed, heating and ventilation equipment rooms, electrical substations, etc.,
will be either in contiguous or nearby buildings. Zone control ventilation will maintain proper
air flow between zones, and exhaust air from specified operating areas will be routed through
HEPA filters. AIll1 air from the process cell will go through a sand filter before release to the

crnhmus

5
aimospaere,

The sand-filter and fan house will be earthquake- and tornado-resistant. The 43-m stack will be
of standard construction.

Other buildings in the S-area will include the administration building, warehouse, and interim
storage building. There will be no laboratory facilities in the S-area during "uncoupled"
operations.

The interim storage building will include a vault area to receive and store canisters of immo-
bilized glass waste, will provide for natural convection air cooling of the stored canisters,
emergency filtration of ventilation exhaust air, and biological shielding for personnel. The
storage vauit, the exhaust air chimney, the supply air plenum and the emergency exhaust filtra-
tion system (including instrumentation, electrical power, and the diversion and air ducting
system{, and the canister support rack/storage system will be earthquake- and tornado-resistant.
The electrical control room, maintenance shop, service room, office, and change rooms will be of
standard construction. The initial building vault area will be designed to store two years’
production capacity (1026 canisters), and provisions will be made for later expansion of the
vault and ventilation systems to add storage capacity (in two-year increments) to a maximum
capacity of 10,000 canisters. Building design will be similar to the reference process interim
storage building described in Sect. 3.1.3.1, which has a capacity of 6500 canisters and provision
for doubling the capacity to 13,000.

Shielding design for the interim storage building will be based on glass made from either five-
year-0ld sludge alone or five-year-old sludge plus 15-year-old supernatant. Exposures will be
limited to 0.5 millirem/h in continuously occupied areas and to 5 millirem/h in intermittently
(less than 10%) occupied areas.

Steam will be available to the S-area via pipeline from the F- and H-areas. New facilities will
be required to provide electricity, water, compressed air, refrigeration, and sewage treatment.
Electrical power will be provided by constructing necessary lines and substations connecting to
the existing SRP electrical system. A separate, redundant source of well water will be provided
for the area. A cooling tower that has a recirculating water system will provide cooling for the
process itself, air compressors, refrigeration equipment, and other nonprocess equipment. A
central refrigeration facility will provide chilled water. Equipment mock-up for replacement
process equipment during normal operations will be in an existing F-area mock-up facility.
Regulated, as well as clean, maintenance shops and electrical and instrument shops will be |
provided. A master/slave manipulator repair shop and a regulated crane-repair cell will also be
provided.

Stage 2

New facilities in the waste-tank farm will not be required for Stage 2 operations. Waste-tank
farm functions associated with the salt decontamination plant are %1) dissolve and remove the
saltcake in waste tanks using evaporator overheads or recycle water from the S-area, {2) separately
store and evaporate waste solution from the salt decontamination process, and (3} transfer
supernatant and recycle water between the F- and H-area tank farms.

New underground interarea transfer lines equipped with ventilated pump pits and diversion boxes
will provide for (1} transfer of supernatant feed solution from H- to S-area,. {2) transfer of
waste-farm evaporator overheads from H- to S-area, and (3) return waste from supernatant pro-
cessing to the waste farm. The spare interarea transfer line provided for DWPF Stage 1 will
suffice as a spare for Stage 2 whenever the underground transfer routes permit common use of the
spare line. Underground lines between S- and Z-area will provide for transfer of decontaminated
salt solution ta Z-area and return of salt evaporator overheads. A spare line will also be
needed between the 5- and Z-areas.
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The main Stage Z processing building {canyon) will house the supernatant processing equipment.
The canyon building will be 206 u. long by 20 m wide by 30 m high and will also house the process
coaling-water and steam systems and supporting facilities such as maintenance shops, electrical
and instrument shops, health protection offices, etc. The canyon building will be of earthquake-
and tornado-resistant construction. Process equipment will be remotely operated and maintained
except for certain areas where contact maintenance will be permitted. Design of equipment will
facilitate decontamination. Clean areas, such as control rooms, change facilities, cold-feed,
heating and ventilation equipment rooms, eiectrical substations, etc., will be maintained at air
pressures higher than the pressure of the regulated areas and canyons. In addition, auxiliary
canyon facilities will be provided for crane maintenance and for in-canyon storage areas for
lifting yokes and crane tools.

Radiation shielding for personnel will be provided by canyon walls and roof, all having shield
thicknesses to attenuate dose rates to 0.5 millirem/h in all normally occupied areas and to
5 millirem/h where personnel exposure is only intermittent.

Zone-controlled ventilation from personnel areas will exhaust through a single-stage HEPA
filtration system. The processing area exhaust will be through an earthquake- and tornado-
resistant Stage 2 sand filter and fan house. The Stage 2 (43-m) stack wil) be of standard
construction.

Other facilities in S-area required for Stage 2 will be an expansion of the Stage 1 administra-
tion building to house the additional personnel, an additional warehouse for cold-feed make-up
and contro) or expansion of the Stage 1 warehouse, a controi building of standard construction
contiguous to or adjacent ta the canyon, a laboratory facility to provide analytical support of
the supernatant process to be located in a separate building in the S-area, and & small chemical
and industrial waste-treatment facility.

Stage 2 facilities in the Z-area include the concrete-mixing plant, the tank for supernatant
feed, the supernatant evaporator, the condensate tank, and the supernatant product tank.
Warehouse or shelter facilities will be used to store the cement. Saltcrete pumping facilities
will be located in a standard construction building.

Utility requirements for Stage 2 may require an additional steam pipeline between F- and H-areas.
The existing S-area water systems and cooling tower for Stage 1 will need to be expanded. The
central refrigeration system will need to be expanded, A new electrical substation will be
required to supply the Stage 2 load. Compressed air supply will use small compressors located
throughtut the site. Sanitary wastes will be processed by new equipment. Because of the
qeographical location of the Z-area and the relatively small work force, local septic tank
disposal should be adequate.

Equipment mock-up and jumper fabrication will be provided in an existing F-area facility.
Regulated as well as clean maintenance shops, electrical and instrument shops, crane maintenance
and canygn equipment repair shops, and master/slave manipulator repair shops will be provided in
the canyon building.

The Z-area will have two small equipment repair shops, one clean and one regulated for direct

hands-on maintenance of equipment. These shops will be shared by electricity and instrument
personnel,

3.3.4 Facility construction

3.3.4.1 Construction schedule

The Stage 1 facility construction will begin in October 1987 with completion in 1988, Construc-
tion of the Stage 2 facilities will start in October 1985 with completion in 1991,

3.3.4.2 Construction manpower

Construction manpower for the staged DWPF is expected to peak at about 3000 during the third
quarter of 1987 (Fig. 3,19). This figure presents the construction labor force and total
construction staff, including supervisory and support personnel, as a function of years after
construction begins.

3.3.4.3 Construction costs

Pfeljminary construction cost estimates for the Stage 1 and Stage 2 facilities, expressed in
millions of dollars (FY-1980), are:
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Fig. 3.19. Work force required to build and operate the staged alternative DWPF,

Stage 1 Stage 2 Total

Process facilities 380 475 855
Tank-farm faciiities 38 55 93
Interim glass storage 32 32
Saltcrete facility 40 40
Power, general, and service _70 130 200
Total 520 700 1220

3.3.4.4 Energy and resource requirements

The estimated energy and rescurce requirements for construction are:

Stage 1 Stage 2 Total
Concrete, m3 61,000 92,000 153,000
Steel (structural and rebar), t 9,100 13,600 22,700
Gasohoi, L 1,500,000 2,300,000 3,800,000
Diesel fuel, L ’ 1,500,000 2,300,000 3,800,000
Propane, L 12,100 18,200 30,300

3.3.5 Facility operation

Stage 1

The facilities are designed to Vitrify sludge at an instantaneous production rate of 3.2 L/min or
104 kg/h of borosilicate glass. This rate will result in about 500 canisters of glass per year,

Stage 2

Supernatant processing will be at a rate of 48 L/min or 1200 kg/h of salt in saltcrete.

3.3.5,1 Schedule
Stage 1
Cold chemical testing is to be completed with hot startup of the Stage 1 facilities planned for

1988. Operations will continue for about 30 years to process the sludge waste generated through
2002,
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Stage 2

Cold chemical testing 15 assumed to be completed with hot startup of the Stage 2 facilities in
1991. Stage 2 facilities will require about 28 years to process the salt and supernatant.

3.3.5.2 Operating manpower

Staage 1
Sta

The S-area work force during the operation of Stage 1 faciiities will total 240 persons, Staffing
is expected to beain about one year before full production to provide training and a run-in
period for eguipment.

Stage 2

Operations of the Stage 2 facilities will regquire an additional 290 persons bringing the total
population of the S- and Z-areas to 530 persons, as shown in Fig. 3.19.

3.3.5.3 Operating costs

The annual average operating cost of the Stage 1 facility is projected as $28 million {FY-80
dollars). Excluding operating costs associated with the design and construction of the facility,
the total operating cost to immobilize the sludge waste existing at startup and generated through
2002 is estimated at $680 million (FY-80 dollars; 6 wonths of cold chemical testing and about

30 years of hot operations).

The annual average agperating cost of the Stage 2 facility is projected as $23 million (FY-30
dollars). Excluding operating costs associated with the design and construction of the Stage 2
facility, the total operating cost to immobilize the supernatant waste existing at startup

and generated through 2002 of the Stage 2 facility is estimated at $500 million (FY-BO dollars;
6 months of cold chemical testing and about 28 years of hot operations). These costs include
about $55 miltion for three years of continued operation of the Stage 1 facility at a reduced
rate to immobilize the cesium and strontium recovered from the Supernatant process after sludge
processing has ceased.

Estimated maximum annual costs, expressed in millions of dollars (FY-80), are cétegorized as
follows:

Stage 1 Stage 2 Total
Direct labor 9 9 18
Overhead 5 5 10
Canisters and major equipment 9 1 10
Other materials and supplies 5 8 13
TJotal annual operating costs 28 23 51

1.3.5.4 Expected releases and discharges

Stage 1 (uncoupled)

The annual atmospheric releases of radioactivity from routine processing 5-year-old sludge at

I I R U U T B I T P T o
fTUutllh vpgrating capdCily dre Presenied Iin 1diie 3.2

Table 3.25. Annual atmospharic
radioactive releases {Ci)—Stage 1 operation

Isotopic group DWPF
Tritium 43€-1%
Fission products 1.1E-2
Uranium 2.1€9
Transuranics 1.5E-4

TRead 25 4.3 X 107,
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The only source of radioactive liquid releases is the condensate from the evaporator in the
waste-tank farm, which is discharged at a maximum flow rate of 11 L/min during normal gperations.
Table 3.26 presents the annual aqueous release from Stage 1 operations to existing seepage

basins as discussed in Sect. 3.3.1.6.

Table 3,26. Estimated annual agueous
releases (Ci) to the enviranment

v Charna 1 nnaratines
Lt H

...... e 1 operation
Tritium 3.1E+1?
Fission products 4 6EQ

Uranium 94E-7
Transuranics 6.7E-2

?Read a5 3.1 X 107,

Nonradioactive 1iquid, gaseous, and solid wastes will be generated during normal operation of
Stage 1 facilities. Gaseous wastes include diesel engine exhausts (backup power generation
during electrical power outages) and chemical releases from processing. Estimated emissions from
diesel generators will be less than those shown in Table 3.15 for the reference immobilization
alternative. A1l emissions to the atmosphere will be within emission standards set by South
Carolina and EPA. The estimated drift releases from the refrigeration system cooling tower are
less than those presented in Table 3.17.

Nonradicactive liquid wastes include chemically contaminated wastewater and sanitary wastewater.
Chemically contaminated wastewater will originate from cold-feed spills and wash down, chemical
contamination of rainwater runoff, and cooling-tower purge solutions. The estimated average flow
rates from each source are listed in Table 3.27. Streams from these sources will be collected,
blended, and treated in a chemical and industrial waste treatment facility. Design objectives
for the treatment facility are summarized in Table 3.19 for the reference immobilization alterna-
tive. Sanitary waste treatment facilities in the S-area will provide a secondary treatment and
disposal system for release to spray fields or release to Four Mile Creek. Sewage sludge
disposal will be the same as for existing operations.

Table 3.27. Sources and estimated average flow rates of
rionradioactive agueous streams

Flow rate
Source _ th'min) 7
Stage 1 Stage 2
Cooling-tower purge 50 70
Rainfall runoff <0.04 <0.04
Chernical spills and washdown 0.3 0.3

Source: EID.

Stages 1 and 2 {coupled operation)

The annual atmospheric releases of radicactivity for coupled operation are presented in Table 3.28s
Releases will be from the Stage 1 and 2 stacks, the regulated facility vessel vent, and the
saltcrete plant vessel vent.

The radioactive 1iquid releases will be condensate from the general purpose evaporator as
described in Sect. 3.1.6.4 for the reference process. The estimated annual release is presented
in Tabie 3.28.

The nonradicactive liquid, gaseous, and solid waste will be similar to those described in
Sect. 3.1.6.4 except neither Stage 1 nor Stage 2 operations will require the coal-fired power-
house and its associated combustion products, dust collector, electrostatic precipitator, sulfur

O - Iy Ny g R ahk—d o dase Fcmn dbha sl L : e R I -
QIUVATUE SLIUULDEE , dald LCUNLainiina Led waceer 1rude LIe asfn Uadin 4ang Luadl pris rurnviy.
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Table 3.28. Annual atmospheric and liguid
radioactivity reteasas (Ci) from
combined Stage 1 and Stage 2

_ Stage 1 and Stage 2
sand-filter stacks

Tritium 5.4EQ?
Fission products 1.3E-2
Uranium 1.6E--9
Transuranics 1.1E-4
Regulated facitity vessel vent
IH 2.4E0
EP 1.9E-7
u 2.6E-13
TRU 1,7E-10
Salterete plang vessel vent
IH 2.3E0
FP 2.5E-7
u J.4E-13
TRU 2.3E-10
Liquid discharges
3 8.5E2
FP 4.6E-5
u 8.5E—14
TR ' 56E-M

$Read as 5.4 X 102,

Sanitary waste treatment facilities will be provided as for Stage 1. The Z-area waste will be
sewered to a septic tank for treatment and discharge via a tile field.

a =1 LR ca L a LiiE TiEL.

3.3.5.5 Energy and resource reguirements

Stage 1

The Stage 1 immobilization facility energy and resource requirements include major chemicals,
water, liquid fuel, steam, and electrical power. The vitrification will require borosilicate
glass frit. The mercury scrubber and recovery operations will require 50% NaQH and 3M HNOj
solutions, and the mechanical cell will require frit for decontamination of the canisters.
Iab?e 3.29 1ists the annual quantities of major chemicals expected to be consumed by the Stage 1
TaCirities,

Table 3.29, Chemical consumption and inventory for Stage 1

Concentration Consumption

j | t
Material (%) rate nventory
Sodium hydroxide 50 24E3 kg/month®  4.7E3 kg
Nitric acid 51 3.7E3 kg/month T4E3 kg
Glass frit 100 §.9E4 kg/month 24ES5kg
Hydroxylamine sulfate 100 6.4E2 kg/manth 2.3E3kg
Potassium permanganate 100 2.7E2 kg/momh 1483 kg
Silver mordenite 100 9.0E1 L/month 4.8E3 L

Read 2.4 X 103,

Stage 2

The Stage 2 supernatant processing facility energy and resource requirements include major
chemical, ion exchange resins, zeolite, coal and sand for filters, and cement. Tabie 3.30
presents the annual quantities required and warehouse inventory of the major supplies expected to
be consumed by the Stage 2 facilities.

®
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Table 3.30, Chemical consumption and inventory for Stage 2

Material Conce‘r‘;:;'auon Cons:lar:\:tlon Inventory
Sodium hydroxide 50 1.5E5 kg/month” 3.1E5 kg
Nitric acid 51 1.4E4 kg/tmanth 2.7E4 kg
Carbon dioxide 100 1.5E4 kg/month 1.5E4 kg
Cement 3.2E6 kg/month 3.2EG kg
Hydroxylamine sulfate 1.3E3 ka/month 2.7E3 kg
Potassium permanganate 8.2E2 kg/manth 1.8BE3 kg
Sodium EDTA 39 3.9E3 kg/month 1.5€4 kg
Polyelectrolite 3.2E—1 kg/month 4.6E0 kg
Ammonium carbonate 1.6E4 kg
Ammonium hydroxide 29 1.3E4 kg
Duglite ARC-359 resin 1.1€1 m> fyear 33E1m?
Amberiite IRC-718 resin 2.8E0 m? jyear 8.3E0 m®
Zeaolite 3.1E1 o° fyear 1.6E1 m°
Coal, 20—30 mesh 1.0E0 m? fyear 7.6E—1m?
Coal, 30—40 mesh 3.4E—1 m®jyear 2.8E—1m3
Sand, 25—45 mesh 2.8E0 m /year 2.1E0 m®
Sand, 40—60 mesh 2.2E0 m*/year 1.6E0m°

7Read 1.5 X 105.

Water is required for domestic use, cooling towers, and service {make-up for an existing boiler).
Table 3.31 is the estimated annual water consumption for Stage 1 and Stage 2 facilities. The
estimated water withdrawal rate is about 14% of the total SRP groundwater usage. This incre-
mental increase fs expected to have negligible impact on the Tuscaloosa aquifer.

Table 3.31. Estimated average water consumption

Consumption
Use L/min

Stage 1 Stage 2

Domestic water

Drinking, sanitary, safety showers 20 25
Cooling tower

Caoling tower evaporation 430 780

Cooling tower drift 15 25

Cooling tower purge 95 95

Service water
Boiler makeup {in another plant area) 110 310
Total usage 670 1235

The estimated annual energy requirements for operation of the facilities are:

Stage 1 Stage 2 Jotal

Coal, t B,200 22,700 30,900
Electricity,? GWh 50 60 110
Diesel fuel (emergency diesel o o o
testing and operation), L 9,000 9,000 18,000

TE1ectricity will be purchased from South Carolina Electric and
Gas Company which has 4,242.5 of on-line generating capacity and
1,854 @ of capacity under consRruction.

Mw MW
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3.4 SALT DISPOSAL ALTERNATIVES

Disposal methods for the decontaminated salt were discussed in DOE/EIS-0023 with analysis of
mental

the potential environmental effects. Alterpative modes that were considered were: store in
the tanks at 5RP; can and store in an onsite storage vault; and can and ship to an offsite
Federal repository. The now-proposed use of saltcrete came later. Based on regulatory
development far the disposal of hazardous waste and low-level radicactive waste, saltcrete
burial in an engineered landfill is the preferred disposal method (Sect. 3.1.1.7). Storage
in a surface vault was not considered because it does not meet the hazardous waste disposal

requirements.

3.4.1 Return of decontaminated salt {crystallized form) to waste tanks

The return of decontaminated salt to waste tanks for storage in crystallized form requires most
of the same processing steps as making saltcrete except that the decontaminated salt solution
is returned to the tank farm for evaporation and storage in decontaminated waste tanks instead
of being mixed with concrete and buried as saltcrete monoliths in a prepared, impervious clay-
Tined burial ground. This alternative would utilize the empty waste storage tanks, eliminating
the need for the saltcrete processing facility and burial operations.

The principal advantage of this alternative is a relatively lower capital and operating cost
compared with other salt-disposal alternatives. A disadvantage is the potential for radionuclide
and chemical contamination of surroundings by release of high solubility nitrate-nitrite salt and
contaminant mercury in the event of a massive accidental tank rupture, as by an earthqugke. Other,
less abrupt modes of failure of unattended tank systems are also possible over Tong periods.

Tank storage of crystalline salt is not nraferrad because the hazards would be greater than those

for saltcrete in an engineered 1andf111

3.4.2 Return of decontaminated salt to waste tanks as saltcretel®
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The return of decontaminated salt as saltcrete to used or new waste tanks requires all of the
process1ng steps for making saltcrete descr1bed in Sect. 3.1 except that the saltcrete is placed
in waste tanks instead of being pumped into the prepared, impervious clay-lined burial ground.
The potential for chemical contamination of surrounding areas in the event of a massive tank
rupture would be aveided. Containment would initially be better than that of saltcrete disposal
in an engineered landfill. However, some modes of tank failure such as corrosion or mechanical
failure leave this method of disposal in doubt.

Among the advantages are costs saved from the elimination of the decommissioning of the waste
tanks and of constructing and operating the saltcrete burial facility that would have occupied
the 20-ha 200-7 area. Offsetting these savings, however, is the need for construction of 55

to 60 new tanks, costing about $0.6 billion {1980 dollars), required to cantain the five-fold
increase in volume of waste in this form as compared with crystallized salt, and the commitment
of land area (19 ha) required to contain the new tanks.

Consideration has been given to placing saltcrete in the tanks that are available, and storing

the additional saltcrete in engineered landfill rather than building additional tanks specifically
for sattcrete disposal. Such a combination plan appears advantageous in some respects Howaver
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closer exam1nat1on 1nd1cates that the operat1ona] and safety prob]ems of transporting the par-
tially decontaminated salt to three different arsas, operating and servicing three separate’
saltcrete plants, and improvising transport of the saltcrete to various tanks as they become

available woyld create cost and operational problems that appear larger than the potential benefits.

3.4.3 Ship decontaminated salt offsite for disposal®®

Shipment of decontaminated salt offsite would be done only if disposal in a geologic repository
were considered necessary. Based on the existing NRC-proposed radiocactive waste classification
gu1de,26 the decontaminated salt is considered to be low-leve! waste suitable for near-surface
burial. Since SRP has acceptable low-level radicactive waste disposal sites within its boundary,
no offsite disposal was considered. If geologic dispesal were reguired, the salt would have to be
packaged in a form suitable for shipment and disposal. The waste form will depend on DOT packaging
requirements and repository acceptance criteria. Each of these factors would introduce a complete
new spectrum of problems and additional costs. The following rationale provides adequate basis
for considering this alternative to be not preferred.

P

—
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1. Saltcake form. Use of this product form would: eliminate the saltcrete processing facility
and the saltcrete burial ground construction and operations; increase the radiation and
vehicle accident risk due to transportation requirements; and result in a higher cost for
packaging, interim storage, transport, and final disposal. The costs would be slightly
offset by the elimination of the capital and operating costs of the saltcrete processing
facility and burial ground. The increase in cost over the reference case would total
about $200 million.

2. Other forms. Use of fused salt or saltcrete would entail even higher costs with essentially
no change in radiation risk during transport. The fused salt form would resuit in fewer
drums of waste but would require a special facility for fusing the salt and Toading and
cooling the drums. The saltcrete form would result in about a five-fold increase in the
number of drums of waste to be loaded, stored, transported, and buried.

For these reasgns, shipment offsite for disposal in Federal repositories will not be considered
uniess future regulations preclude the disposal of saltcrete in the SRP-engineered landfill.

3.5 ALTERNATIVES EXCLUDED FROM DETAILED CONSIDERATION

The following alternatives were addressed but have been excluded from detailed consideration for
the reasons discussed below.

3.5.1 Immobilization without separation of sludge and salt®

The high-level waste, currently stored as alkaline sludge and damp saltcake, would be mixed and
slurried with excess water to be immobilized with glass. The processing steps and equipment
requirements are significantly different from those for the reference or staged processes. The
primary benefit of the immobilization without separation is that the process eliminates the need
for separate facilities to purify and dispose of salt and all waste would be moved offsite

to a geologic repository. However, the volume of glass projected to be produced from this
alternative is about 1 x 103 m3, or about 20 times the volume of glass produced in the reference
immobilization alternative. The reference canister, 0.61 m in diameter by 3.0 m high, holds

625 L of glass. Over 170,000 of these canisters would be required to contain the immobilized
waste produced by this process.

Preliminary examination of combined immobilization (immobilization of the unseparated SRP high-
tevel radicactive waste}, which appeared to be a pramising alternative initially, showed that the
technological, environmental, economic, and safety problems far outweigh the benefits. Therefore,
this jmmobilization method was not considered a viable alternative for the ODWPF. Both the
benefits and cost in comparison with the reference design are given below.

The combined process eliminates the costs and impacts of salt processing and disposal. Pro-
cessing is simplified by eliminating the steps associated with purification and treatment of the
salt. No saltcrete plant or burial area would be required, reducing air emissions and terrestrial
impacts associated with the saltcrete facility and burial area. The cost of saltcrete processing
and of development of the burial area would be eliminated along with any potential long-term
impacts from saltcrete burial.

Counterbalancing these benefits are penalties that result primarily from the very much larger
volumes of waste to be immobilized and the conseguent much larger number of canisters to be
stored and transported, as well as from the uncertazinties of the process. Despite the expected
simplification of the combined process, this waste-form immobilization is at an early state of
development and will require substantial testing to demonstrate its long-term viability. There
could be problems in producing a low-leachate waste form considering the large amounts of sodium
in the waste. Because of the much Targer volume of combined waste, all of which must be
vitrified, the immobilization facility would need to be much larger with parallel process trains
to handle the larger volume of high-level radioactive material. This alternative would require
more than ten times the number of melter cells and associated process and handling facilities
than are required for the reference process. Despite the savings from elimination of salt
processing and burial, the facility would cost more than twice as much as the reference
alternative.

The scope of operations for combined immobilization would require a larger facility and an

expanded work force. A greater commitment of personnel increases the possibility for greater
radiological dose to the work force compared with the reference alternative. About 20 times the
volume of waste must be transported to a repository and a larger number of shipments would be
required, with a proportional increase in fuel use and emiscions. Radiation impacts to the

public along transportation routes would be increased. Consequences of an accident during shipment
would be approximately the same as for the reference alternative; however, the probability of an
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accident is proportional to the number of shipments, which is considerably greater for the

combined immobilization alternative. Similarly, the probability of an accident during handling
{transfer} would increase proportionally with thé increase in the number of canisters handled,

The cost of transporting the waste to the repository would be increased by a factor of 2 to 5.

The repository area required for the immobilized waste would also be increased with a corresponding
increase in repository cost. Overall, the disadvantages of immobilizing combined salt and sludge
far outweigh the advantages. Therefore, it is not considered a viable alternative.

3.5.2 1Interim solidification

As in the consideration of immobilization without separation of sludge and salt, the stored high-
level radivactive wastes can be solidified (although not immobi1ized? into an interim waste form
pending future immobilization for final emplacement in a repository. The primary purpose for
interim solidification is to convert the existing wastes to a form jess subject to accidental
dispersal, The singular advantage is to have the wastes in an apparently safer form while
exploring immobilization alternatives and deferring final action. At least three interim waste
solidification approaches have been considered in some detail:

1. low-temperature waste solidification of molten sludge/salt siurry,
2. powdered calcine from sludge/salt slurry, and
3. powdered calcine from sludge with other decontaminated salt dispesal options.

The first two approaches require the ultimate immobilization of the entire sjudge/salt mixture.
Separation of the high-level radicactive component from the overall solidified mixture can be
effected only with great difficulty and high cost. Therefore, immobilization will require
combined vitrification and will produce about 20 times the number of canisters anticipated for
either the reference or staged alternatives. The disadvantages associated with combined
jmmobilization are described in Sect. 3.5.1 and discourage further consideration of the first two
approaches for interim solidification.

Although only sludge is calcined, the third approach will result in nearly three times the number
of canisters as will be produced if either the reference or staged alternatives are implemented.
Furthermore, as with the other two interim solidification approaches, it will require doubte
processing to put the waste into a final immobilized form. Double processing is ¢learly more

ractkty than e;nn]e nncace dna Iaamnnt A bt T yabkt am ) amd e T dmemmac e d e ;;_A-1

LUSLY Lhae ainy PIULSSS Y {uiTee IMMUSiT11£aLi0f) andg results in pLreEds>ed QLLupaitiong
exposure, as well as increased potential for environmental impacts.

Due to the large quantity of high-level radipactive waste stored at SRP and the large increase in
volume of the final immobilized waste form that results from interim immobiiization, this
alternative was consgidered to be unreasonable and was not considered in detail in this EIS.
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4. CHARACTERIZATION OF EXISTING ENVIRONMENT

4.1 GEOGRAPHY
4.1.1 Site location

The DWPF is proposed for DOE's Savannah River Plant (SRP) in southwestern South Carolina.
Augusta, Georgia, is about 37 km (23 miles) northwest; Aiken, South Carolina, is about 27 km
north; Barnwell, South Carolina, is about 10 km east; and Columbia, South Carolina is about

93 km northeast {Fig. 4.1). Two small South Carolina towns lie within 20 km of the proposed
DWPF site, Jacksan (population 2000) and New Ellenton {population 2500). The Barnwell Nuclear
Fuel Plant of Allied-General Nuclear Services lies within the 20-km radius, as does the Vogtle
Nuciear Power Plant and Chem-Nuclear Systems, Inc. The remaining area within 20 km is primarily
the controlled access area of SRP (Fig. 4.2).
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Fig. 4.1, Location of SRP relative to surrounding population centers. Source: Final
Envivovmental Impact Statement, Long-term Management of Defense Wastes, Savannah River Plant,
Aiken, South Carelina, DOE/EIS-0023, November 1979.

4.1.2 5Site description and land use

The SRP is an 800-km? {300-square-mile) controlled area set aside by the U.S. government in the
1950s for the production of nuclear materials for national defense. The SRP facilities, which
may be characterized as heavy industry, occupy less than 5% of the SRP area, Plantation pine
and native vegetation occupy the remainder of the plant area.!
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Fig. 4.2, The Savannah River Plant.

The proposed OWPF site is within 600 m of H-area where defense wastes are now stored (Fig. 4.3).
The proposed site would occupy approximately 60 ha adjacent to H-area. Topography is relatively

flat with drainage to Upper Three Runs Creek. The flora of the area is now young plantation pine
and native vegetation.

An area of approximately 20 ha about 1200 m north of H-area has been proposed for salt disposal.
The area is relatively flat (local relief <6 m); drainage is to Upper Three Runs Creek. The
site is now a forest of slash and toblolly pine. ‘
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( Fi?. 4.3, Location of the proposed site for the DWPF (S-area} and for salt disposal
I-area).

4,1.3 Historic and archaeological resources

The proposed site for the DWPF was surveyed (December 1978 through January 1979) for archaeo-
jogical resources and for sites that might qualify for inclusion in the Naticnal Register of

Historie Places.?

The archaeological survey was conducted by establishing transects through and around the UWPF
site (approximately 10,000 m total) and raking and inspecting 4-m? plots every 20 m along each
transect. No archaeological or historical artifacts were found within the DWPF area, although
two sites were identified nearby, 38 AK 169 and 38 AK 261. Site 38 AK 169 was known previously
to be a site having few artifacts and considerable site disturbance. The site is prehistoric
but contained insufficient information to be useful in archaeological research. Site 38 AK 261
contained historic artifacts of the 1880 to 1940 period which were interpreted to be associated
with a dwelling that had been destroyed intentionally. The building did not appear on aerial
_photographs taken in 1951 prior to government acquisition of the land nor was it indicated on
a 1943 U.S. Army Corps of Engineers map. It was concluded that the site was not of value to
research (Appendix I).
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4.2 SOCTOECONOMIC AND COMMUNITY CHARACTERISTICS™

Additignal information on the topics presented in Sect. 4.2 can be ghtained in Appendix E.

4.2.1 Past impacts of the SRP

The socioeconomic impacts of the SRP upon the people and communities in its vicinity began
with the relocation of the resident population from the SRP site and construction of the first
facilities in 1951. By 1952, a work force of 38,350 was on site, populations of nearby towns
swelled, and tratler courts and new homes proliferated, These early days and the changes
induced by plant construction are described in the book In the Shadow of a Defense Plant by
Stuart Chapin et al.*

A primary socioeconomic impact of the SRP has been the large number of permanent jobs created.
The permanent operating force has averaged around 7500 ranging from a Tow of 6000 to the current
8300 (June 1980). About 95% of this total are employed by E. I. du Pont de Nemours & Campany,
Inc., and its subcontractors; the remainder are employed by DOE {220), the University of Georgia
(70), and the U.S. Forest Service (30).

The substantial contribution of SRP to the rise in the standard of living in the impact area is
a major secondary socioceconomic benefit. The 1979 SRP payroll of over $209 million was one of
the largest in South Carolina. In addition, more than $40 millian was spent by SRP in South
Carolina and Georgia for services, energy, materials, equipment, and supplies in 1979; about
one-half of the expenditure was made in the primary impact area (see Sect. 4.2.2 for definition
of the primary impact area).

The greatest impact of the SRP has been on Aiken County, especially the city of Aiken, and small

towns immediately around the SRP site, as may be seen in the SRP worker distribution pattern
{see Table 4.1), SRP workers and families comprise roughly one-half of the city of Aiken's
15,000 people and account in large measure for the high median family incomes in the county.

-

Table 4.1, Distribution of the Juns 1980 SRP employees by place of residence
and as a percentage of the June 1880 labor pool

SRP employees as a

Number of SRP Percent of SRP June 1980
percentage of the

L pcation of resigence

employees labgr force labor pool lapor poot
Primary study area 7447 89.3 142257 5.2
South Carolina counties 5955 71.4 59790 10.0
Aiken 4904 58.8 40260 12.2
Allendale 149 1.8 3580 42
Bamberg 165 20 6830 2.4
Barnwell 737 Ba 9120 B.1
Georgia counties 1492 17.9 82467 18
Columbia 256 31 15197 1.7
Richmond 1236 14.8 67270 1.8
Secondary study ared 6543 77 129609 G5
South Carolina counties 553 6.6 113370 0.5
Edgetield 82 1.1 8090 11
Hampton 104 12 7080 1.5
Lexington 133 1.6 57980 0.2
Orangeburg 142 1.7 335%0 0.4
Saluda 82 1.0 B&30 1.2
Georgia counties 90 1.1 16239 0.6
Burke 25 03 8176 0.3
Screven ) 65 Q.8 8063 08
Cutside study area 245 294 b b
South Carolina 163 2.0 b b
Georgia 71 09 b b
Other states " o1 b 4

4 Numbers may not add due to rounding.
bNot applicabie.
Scurce: SBC 1981.

o

A1 material used in Sect. 4.2 is based on the report Socioceconomic Bageline
Characterization for the Savannah River Plant Area,® ORNL/Sub-81/13829/5, preparéd by NUS
Corporation for ORNL, except as otherwise noted.



4.2.2 The study area

The DWPF, proposed for construction on the SRP site, is anticipated to have most of its socio-
economic impact on a 13-county area in South Carclina and Georgia (Fig. 4.4). The nine counties
in South Carolina are Aiken, Allendale, Bamberg, Barnwell, Edgefield, Hampton, Lexington,
Orangeburg, and Saluda; the four Georgia counties are Burke, Columbia, Richmond, and Screven.
Together they house 97% of the current SRP work force. These counties are expected to provide
most of the labor pool for the DWPF and to sustain the most concentrated community impacts from

potential workers moving into the area.
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Fig. 4.4. The study area.

The study area can be divided into a six-county primary impact area and a seven-county secondary
impact area on the basis of expected impacts from construction and. operation of the proposed
DWPF. The primary impact counties were estimated to be the residence choice of a large majority
of relocating workers and, thus, the site of the most concentrated community effects. The six
primary impact counties are Alken, Allendale, Bamberg, and Barnwell, South Carolina, and Columbia
and Richmond, Georgia. Together they house 89% of the current SRP work force. An additional 8%
of current SRP workers are housed in the secondary counties of Edgefield, Hampton, Lexington,
Orangeburg, and Saluda, South Carolina, and Burke and Screven, Georgia.

Five levels of government function in the 13-county area, providing services, implementing
policies, and interacting with each other and the citizens. These levels include 78 communities,
13 counties, several regional councils (or planning and development commissions), two states,
and the Federal goverrment. In addition to these multipurpose governing units, there are
"special purpose® (e.g., school and water) taxing districts in both South Carolina and Georgia.

4.2,3 Land use

The 13-county impact area, encompassing over 20,000 km2, is genefal]y rural. Table 4.2 1ists
the primary land uses as percentages of the total area.

Agricultural lands, although maintaining their primary economic importance in the area, are
undergoing a transition from smaller operations to larger consolidated farms, a trend that is
expected to continue. Other observed land use trends are the conversion of some forest lands
managed by timber companies to crop or pasture lands and the reforestation of other areas within
the 13-county region.
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Table 4.2. Swudy area land use (13 countios)

Land use Percentage
Woods, forests, wetlands 375
Agricultural 35.7
Urban 4.7
Other developed {public, semi-public) 05
Water bodies 1.4
Vacant, open space and unclassitied 202

Source: Socioeconomic Baseline Characterization
for the Savannah River Plant Area, prepared for
ORNL by NUS Corporation, 1981,

The most intensively developed land in the study area is concentrated in the urbanized counties
surrounding the cities of Aiken and Columbia, South Carolina, and Augusta, Georgia. Accordingly,
the highest concentrations of residential, industrial, and commercial development in the primary
impact area are found in Richmond and Columbia counties, Georgia, and Aiken County, South Carolina,
In the secondary impact area, Lexington County is experiencing the most intensive development as

a result of suburban growth from the city of Columbia.

A1l study area counties, except Hampton and Burke, have comprehensive long-range pians. The
land-use controls most commonly used by local and county governments to shape area development
patterns are zoning ordinances, subdivision regulations, building codes and permits, and the
regulation of mobile homes and trailer park development.

Forty-six of the approximately 80 incorporated communities in the study area have at least one

of the above four regulations in force. Table 4.3 1lists the regulations and plans in effect in
the six primary impact counties.

Table 4.3. Land use regulations and plans

Counties Land use Zoning Subdivision  Building Mtor :.I'::rhpcgky
plan ordinances regulations codes regulations
South Carofina
Aiken X, X x*
Allendale X
Bamberg X X X
Barnwell X x
Georgia
Columbia X X X X X
Richmond X x X X X

Source: SBC 1981,

"Under consideration.
PAs part of Lower Savannah Region Plan.

4.2.4 Demography

Table 4.4 1ists the 1980 populations for counties and communities in the six-county primary
impact area. The largest cities in the primary area are Augusta (47,500}, Aiken (15,000}, North
Augusta (13,600), and Barnwell (5600). The other 27 incorporated communities have populations
of less than 5000. Aiken, Richmond, and Columbia counties make up the Augusta Standard Metro-
politan Statistical Area {SMSA}* with a total population of 317,300. A majority of SMSA resi-
dents 1ive outside the boundaries of any city or town, and two-thirds of all residents of the
six-county primary impact region iive in rural areas and in 47 unincorporated communities,

*
A Standard Metropolitan Statistical Area is comprised of a central city or cities with a

population of 50,000 or more and the contiguous counties that are economically integrated with
the central city.
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Table 4.4. 1980 populations for counties
and communities in the primary impact area

Location Population

South Carolina

Aiken County 105,625
City of Narth Augusta 13.593
City of Aiken 14978

Allendale County 10,700
Town of Allendaie 4,400

Bamberg County 18,118
City ot Bamberg 3,672
City of Denmark 4,434

Barnwell County 19,868
City ot Barnwelt 5,572

Georgia

Columbia County 40,118
City ot Grovetown 3,491

Richmaond County 181,628
City of Augusta 47,532

Primary impact area total 376,058

Source: U.S. Bureau ofCensus, 1980 Census
of Population and Housing, South Carolina,
PHC80-V-42; Georgia, PHC80-V-12; March
1981.

Over the last 30 years, the rate of population change has varied considerably from county to
county within the primary and secondary impact areas, primarily reflecting differing rates of
urbanization. Since 1950, most of the population increase has occurred in the three primary
impact counties of Aiken, Richmond, and Columbia (Augusta SMSA). Of the three, Columbia County
has had the highest rate of growth, increasing from the smallest to third largest among the
primary impact counties between 1950 and 1978. In the same period, the fastest growing county
in the secondary area was lLexington County, which now accounts for nearly one-half of the total
population of all seven secondary counties. Significant deciines in rural county populations in
both primary and secondary areas that occurred in the 1950s and 1960s were reversed in the
1970s.

According to area planners, th ulation growth is ted to occu .
Columbia, and Richmond countie ause of anticipated Augusta metropolitan expansion. Within
the secondary impact region, large increases in population are projected for Lexington County
because of anticipated growth in the Columbia, South Carolina, metropolitan area. Additional

demographic information is in Appendix E.

ur in Aiken

wom

During the last 30 years, the populations of the primary study area counties have been younger
(as measured by the median age) than that of the U.S, population. Following national trends,

the population in the primary study area aged between 1970 and 1978, with the percentage of those
under 19 declining from 40.6% to 37% and the percentage of those over 65 increasing from 7% to
8%.

From 1958 to 1978, the crude birth rates for the counties of the primary study area declined
from 25.3 to 17.7 per thousand persons. This decline reflected national trends although birth
rates exceeded the national average throughout the period. This slightly higher birth rate is
reflected in average household sizes that are larger than those for the nation as a whole. In
1978, there were 3.0 persons per household in Georgia and 3.1 in South Carolina, compared to the
nationail average of 2.8. Rural counties in the primary study area typically have larger average
household sizes than SMSA counties.

In 1978 majorities of the population in Bamberg and Allendale were black, 60 and 56%, respectively.
Richmond, Barnwell, and Aiken counties had smaller percentages of blacks, 37, 35, and 24%, respec-
tively. Cotumbia County, with 15%, was closest to the national average of 11%.

With the exception of Aiken County, family incomes in the primary counties have been lower
than the respective state medians. The relatively low median family incomes of the study
area are partly attributable to a high percentage of impoverished families. In 1969, only the
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more urbanized counties, Lexington, Aiken, Richmond, and Columbia, had percentages of families
at poverty levels {12 to 16%), approximating the national average of 10%. The remaining counties
had percentages of poor families greater than 23%.

4.2.5 Economic profile

Much of the employment at establishments within the 13-county study area is in the manufacturing
industries concentrated in the Augusta, Georgia, and Columbia, Socuth Caralina, metropolitam
areas. As a percentage of total empioyment, manufacturing activity at estabiishments is greatest
in Barnwell and Aiken counties. Significant percentages of employment at retail and wholesale
trade establishments exist in Allendale and Richmond counties, whereas the concentration of
service employment is highest in Richmond County, where the U.S. Army Fort Gordon military base
is Tocated.

Table 4.5 shows county employment by types of establishment for the primary impact counties.

Table 4.5. Ermloymeant parcentages at establishnents in pritnary impact counties for 1977°

Aiken Ailendaie Bamberg Barnweil Coiumbia Richmond

Agriculture 0.4 0.2 11 0.1 08 0.5
Mining 1.1 0 0 0.1 10 0.2
Contract construction 2.7 5.1 1.6 4.1 117 7.2
Manufacturing 85.6 46.8 53.0 721 416 29.4
Transportation and 4.0 4.4 4.7 1.4 37 4.3

public utilities
Whalesale and 4.6 326 219 15.3 23.0 31.8

retail trade
Finance insurance and 28 1.4 2.1 2.2 24 6.5

real estate
services 8.5 9.3 154 46 9.6 200
Other 0.2 0.2 a 0.1 X}

Tow! 100.0 1000 100.0 100.0 1600 1006

"Figures represent percentages of rotal employmant within establishments, excluding self-employed
persens, in eagh primary impact county,

Source: U.5. Department of Commerce, Bureaw of the Census, County Business Patterns for South
Caroling and County Business Patterns for Georgia, Washington, D.C., 1977,

A discussion of construction worker availability in the SRP area is included in Appendix E. The
proposed OWPF project will be competing for these workers with at least one other large construc-
tion project in this area. The Georgia Power Company's Vogtle Nuclear Power Plant, now under
construction in Burke County, Georgia, is expected to employ over 4000 construction workers in
1983, soon after DWPF construction is expected to begin. -

Table 4.6 1ists income statistics for primary impact area counties along with the unemployment
rates for 1980. Afken and Richmond counties had the highest per capita incomes, and Allendale

had both the lTowest household income level and highest unemployment rate for the study area.

4.2.6 Public services - .

In the six-county primary impact area there are nine public school systems, seven in South
Carolina and two in Georgia, operating 81 elementary schools, 26 intermediate schools, 23 high

schools, 10 special schools, 9 vocational/technical schools, and 6 colleges. Appraoximately
93.6% of the area school-age children are enrolled in these nine public school systems, with the
remainder either attending private schools or receiving instruction at home. Table 4.7 Tists
capacities available for increased enroliment in selected county schools and number of schools
which have exceeded or are near capacity.

Rdditional planned facilities include three new high schools (a total of 3900 student spaces) in
Aiken County, scheduled to open in early 1981, and two new high schools (2500 student spaces) in

Columbia County. Other area school districts are adding mobile units to increase classroom
caparcities.
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Table 4.8 Income and unemploymant for
primary Impact arsa counties

1979 1980 1980
par capita median household
) N unsmployment
income incomes (%)
1] L]
South Ceroline
Aiken 5,229 17,130 6.9
Allendale 3.318 10,188 11.7
Bamberg 3,109 10,906 83
Barnwell 4,067 13,412 9.8
Georgla
Columbia 4,858 14,537¢ 4.3
Richmond 6,991% 13,536° 8.7
877,
biare.

CEgtimated by ORNL. Staff using 1979 data from Sales and Marketing
Management Survey of Buying Power, July 1980, Estimate is the product of
the ratic of the madian effective buying income of the county of interest to
that of Aiken County and Aiken County's 1980 median income.

Sources: Personal communication with Candler Spence, S.C. Emplay-
ment Security Commission, Calumbia, 5.C., and Lorraine Powell, Central
Savannah River Planning and Development Commission, Augusta, Ga.

Table 4.7. Number of public schools and enrollment capacities by school districts
(1979—80 school year)

Number of schools Schools with Available
School Number of where a 10% increase capacity enroliments capacity
district facilities in enrollment would oOF near capacity {number of
exceed capacity" enrcliments students)
Aiken? 36 7 10 3644
Allendale ] 1} 6 0
Bamberg No. 1 6 6 0 6090
Denmark-Glar No. 2 3 2 0 n
Barnwell No. 45 3 1 0 275
Blackville No. 19 3 0 0 299
Williston 2 0 0 480
Columbia 13 2 5 1168
Richmond 54 13 15 2583
Total 126 31 36 BE&0O

21980—81 school year.
A 10% increase in enrollment would represent two additional students per class, assuming 20 students
to the classroom.

Of the 120 public water systems operating in the primary impact area, 30 are county and municipal
systems that serve 75% of the local population. The other 90 systems are generally smaller and
serve individual subdivisions, water districts, trailer parks, and miscellaneous facilities such
as nursing homes and schools. A1l but four of the municipal and county water systems obtain
their water from deep wells. Those systems utilizing surface-water sources are the cities of
Aiken, Augusta, and North Augusta, and Columbia County. Al1 systems can accommodate some degree
of additional use except one in Richmond County, which is currently operating at 100% of design
capacity. Another five systems are now functioning at over 70% of capacity; three of these are
also in Richmond County, with one each in Barnwell and Allendale counties. On the other end of
the scale, a total of 19 systems in Aiken, Allendale, Bamberg, and Barnwell counties are operating
at or below 50% of design capacity. Table 4.8 shows current usage for 28 county and municipal
water systems and the 17 sewerage systems in the primary impact area.

The adequacy of municipal sewage treatment in the primary study area varies widely among systems.
The counties of Allendale, Bamberg, Barnwell, and Richmond are currently experiencing sewage
treatment capacity problems. Both Allendale County treatment facilities have reached plant



4-10

Tabls 4.8. Current average use of watar and sewage systerms in the
primary impact araa as percentage of design capacitiss

Water systems® Sewage systems
0-25% 25-70% 70-100% 0-25% 25-70% 70-100%

Aiken 3 4 0 [} 4 1
Allandale 2 | 1 o 0 2
Bamberg 2 3 0 0 0 ¥
Barnwell 2 2 1 1 1 fead
Columbja 0 2 Q 1 2 0
Richmand 1 0 4 0 1 1

Two of the 30 area systems had insufficient data for calculating operating capacities.

bThese systems have exceeded design capacity, System expansions are planned for
the near future.

Source: SBC 1981,

capacity; however, expansions are currently planned. At the Denmark Plant in Bamberg County,

the amount of sewage is double the treatment capacity as a result of infiltration/inflow.
Expansion of the Denmark Plant is currently being planned. In Barnwell County, sewage is exceed-
ing treatment capacity at the Blackville Plant because of infiltration/inflow. A rehabilitation
program is currently being planned. The Augusta Plant in Richmond is operating at below treat-
ment capacity, but about 15% of the effluent is discharged untreated., A proposed expansion of
the Augusta wastewater treatment piant is currently being planned as well as a program to remove
points of raw wastewater discharge. .

The primary study area is generally well serviced by electric and natural gas utilities, which
consist of private, investor-owned, municipal, and rural cooperative companies. Natural gas is
used primarily by industrial customers, whereas residential customers consume most of the
electricity. Most of the area's electric power is generated from coal, natural gas, ofl, and
hydropower by twa utility companies, South Carolina Electric & Gas and Georgia Power. Power is
sold directly to residential customers or wholesale to municipal and cooperative utilities.

Forty-three fire departments service the 13-county study area. Within the primary impact area,
60% of existing fire departments are currently providing adequate service, according to Insurance
Service Office ratings. In the urban counties of Aiken, South Carclina, and Richmond, Georgia,
services are most heavily concentrated in the cities of Aiken and Augusta, leaving some of the
more rural areas without protection.

Health services in the primary study area follow a similar pattern to fire protection, with most
services concentrated in the urban areas of Augusta and Aiken. However, except for Columbia
County, every county in the primary area has at Teast one hospital.

Law enforcement agencies serving the primary study area inciude three levels of protection: the
county sheriff, and state and community police. Highest 1979 crime rates in the six-county area
were reported in Richmond and Aiken; the four rural counties experienced lower rates. The urban
counties of Richmond and Aiken have law enforcement staffs below the national average of 2.1 law
enforcement officers per 1000 population. Allendale, Bamberg, and Barnwell counties have staffs
above the national average for counties, while Columbia County fell below the national law
enforcement staff average for counties (1.5 full-time officers per 1000 population).

A11 primary area counties except Allendale have active civil defense departments and state-
approved emergency preparedness plans. In addition, the SRP has various service agreements for
mutual assistance or special support with Fort Gordon and Talmadge Hospital in Augusta. In
addition, SRP shares fire-fighting mutual aid with Allied-General Nuclear Service, the city of
Alken, and the South Carolina Forestry Commission. Memos of understanding between SRP and the
States of South Carolina and Georgia cover notification and emergency responsibilities in the
event. of an actual or potential radielogical emergency at the SRP.

4.2.7 Housing

As shown in Table 4.9, about 86% of the total housing stock in the primary impact area is located
in Alken, Columbia, and Richmond counties, the three counties that make up the Augusta SMSA.
Since 1970, the greatest rates of increase in the housing stock have occurred in Aiken, Barnwell,
and Columbia counties. OFf the three, Columbia County has grown the fastest, nearly doubling its
number of housing units in the past decade. In Aiken County, one-half of the increase in housing
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Table 4.9. Housing statistics for primary study area

ngr
County Numt?er of Va::aa‘:cv Ann:a:lunit;ease
and year units (%) (%)
South Carolina
Aiken
1980 39,791 36
1977 35,893 8.2
1970 29,333 8.0
Allendale
1980 3,973 3.2
1977 3,511 4.0
1970 3,002 9.3
Bamberg
1980 6,384 3.4
1977 5,663 4.2 :
1970 4,748 10.1
Barnwell
1980 7,282 35
1977 6,698 a7
1870 5,379 9.5
Georgia
Calumbia
1980 14,009 10.9
1977
1970 6,740 3.7?
Richmond
1980 64,846 36
1977
1970 47,754 5.2&

?Based on number of units for sale or rent only.

Sources: U.S. Bureau of Census, 1980 Census of Population and
Housing, South Carolina, PHCB0-V-42; Georgia, PHC80-V-12; March,
1981. Socioeconomic Baseline Characterization for the Savannah River
Plant Area, prepared for ORNL by NUS Corporation, 1981, ORNL/Sub-
81/13829/5.

in the past decade (about 5200 units) results from that county's especially high rate of mobile
_home growth. More than half of the total mobile home growth in the Augusta SMSA in 1979 occurred
in Aiken County, reflecting less stringent regulation than in the other metropolitan counties.
Since 1950, the majority of Aiken County's increased demand for all types of housing has been
generated by the nearly 5000 SRP employees that live there. Over half of these workers (2600)
live in the city of Aiken.

In the secondary impact area, growth in the housing stock has been most rapid in Lexington and
Orangeburg counties. As in Aiken County, the increase in the number of mobile homes in Orange-
burg County since 1970 has been dramatic.

The rapid increase in housing values experienced nationally in the past decade is most strongly
reflected in the high-growth areas of Columbia, Lexington, and Aiken counties. Realtors estimate
that average new home costs are around $36,000 in southern Augusta, $55,000 in western Augusta,
$75,000 in North Augusta, $40,000 in Barnwell, and $60,000 in Aiken. Median housing values will
remain much lower in the low-growth counties because the average age of the housing stock is
older. Historical trends and state estimates of construction industry growth indicate that

ample capacity exists to meet large increases in demand for housing in South Carolina, especially
around urban or growth centers. The largest number of rental units is found in the counties

that make up the Augusta and Columbia SMSAs.

The percentage of units lacking some plumbing facilities is higher in the rural counties than in
the more urban areas, ranging from 5% in Richmond County to 38% in Allendale and 44% in Burke
County (1970). Similarly, more crowded housing (more than one person per room) is predominantely
found in rural areas.



4,2.8 Transportation

Figure 4.5 is a map of the highway and road systems surrounding the SRP site. The major U.S.
highways intersecting the study area include U.S. 1, 25, 301, 321, 601, 78, 178, 278, and 378,
parts of which are multilare. Other multilane highways include Interstate 20, 26, and S.C. 19,
64, and 125. Controlled public access through the SRP is allowed on Route 125,
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In a 1978 survey, the highest traffic volumes in the area were observed near Augusta, where
vehicles on select roads exceed 30,000 per day. Outside the Augusta urbanized avea, the highest

average daily traffic volumes were along the Aiken-Augusta corridor (U.S. 1 and 78 and S.C. 19).

Roads and highways near the SRP averaged from 2000 to 10,000 vehicles per day. Traffic generated
by the SRP itself was estimated at approximately 6150 vehicle trips per day in 1380, ’

With no improvements to the existing road system, major congestion probTems within the Augusta
urbanized area could be expected to develop in the future. The Augusta Regional Transportation
Study (1974 update) identified 25.9% of the road and highway network in urban Augusta as being
moderately congested by the year 2000, and 13% of this network is projected to be severely
congested. e

The primary study area is served by several branches of three main rail systems: the Seaboard
Coast Line Railroad {SCL), Central of Georgia, and Southern Railrpad (see Fig. 3.16). In addi-
tion, the SRP owns and operates a railiroad system within the plant boundaries (see Sect. 3.1.7.1,
Fig. 3.38). Of four tracks operated by SCL in the study area, one extends westward from the
towns of Denmark and Barnwell, South Carolina, and provides services to the SRP along with
another conjoining SCL branch that parallels the Savanmah River.

There are ten aviation facilities in the primary study area, one of which provides scheduled
passenger seryice. Within the primary area there is a restricted ajir zone above the Fart Gordon
military reservation.
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The commercial waterborne traffic on the Savannah River below Augusta increased dramatically in
the mid 1970s, growing from approximately 45,000 t/year in the early 1970s to 100,000 t in 1976.
Since 1977, traffic has decreased because of difficulties in maintaining navigational channels
for barge traffic.

4.2.9 Historical and archaeological resources

In 1979, there were 55 sites Tisted in the National Register of Historic Places within the six-
county primary impact area. (See Appendix E for a listing of these sites.} Richmond County has
the largest number of sites (23}, with a majority located in the city of Augusta. Approximately
another 20 National Register sites are found in Aiken and Allendale counties. In addition, five
historic districts, Granitevillie, Pinched Gut, Broad Street, Summerville, and Augusta Canal, are
found in the study area. Nine of the 55 sites are within a 15-km radius, including one in the
secondary area {Burke County). Five of the sites are in Barnwell County.

In the South Carolina State Archaeoiogical File, 489 sites are listed in the four primary counties

of Aiken, Allendale, Bamberg, and Barnwell; the Georgia State Archaeological Site File lists 80
80 sites in Columbia and Richmond counties.

4,2.10 Community attitudes toward nuclear facilities

Attitudes toward nuclear facilities expressed by local leaders in the impact area remain generally
positive with the exception of Allendale County, where the majority of the leaders interviewed
have adopted an attitude of cautious concern and uncertainty. The econcmic benefits (jobs,
purchases, and taxes) of the existing nuclear facilities and potential new ones are generally

seen by community leaders as far outweighing any potential risks; however, both supporting and
opposing groups in the local area appear to have little detailed information about the existing
and planned nuclear facilities at the SRP. The differences in attitudes between Allendale and

the other five counties contacted reflect in part the differences in benefits recejved by them.
Allendale County has fewer residents employed at SRP than any of the other primary impact counties.
Allendale, despite its proximity to the SRP, has received very little Federal payment because
payments are based on value of land purchased years ago.

4.2.11 Local government taxation and spending

There are 39 jurisdictions within the primary study area that currently exercise the right to
levy taxes. These jurisdictions include & counties, 5 school districts, and 28 cities-and
towns. A discussion of revenues and expenditures with respect to these entities follows.

Taxing jurisdictions generate revenue from a number of sources, including property {real and
personal) taxes, state and Federal government, licenses and permits, fees and fines, and charges
for services, The major sources of revenue are property taxes and state, and Federal government
assistance (Table 4.10).

Real property consists of housing and commercial establishments, whereas personal property
includes such belongings as cars and boats. Within the impact region, property tax rates are
set by the state legisiatures of South Carolina and Georgia. The 1979 personal property tax
assessment rate in the four South Carolina primary counties was 10.5% of market value; in Georgia,
this rate was also 10.5% of market value. During the same year, the tax levy on real property
in South Carolina was 4% of assessed value for owner-occupied housing and 6% of assessed value
for rental property. As expected, the more developed Aiken and Richmond counties generated the
largest property tax revenue. Property tax revenues generally increased between 1975 and 1979.
The largest percentage increase (27%) occurred in Allendale County during this period. Such
revenue increases are attributed to increases in property valuation, changes in assessment
procedures, and/or increases in the tax base. Property taxes constitute about 17% of the total
primary study area revenues.

State and Federal governments were a2lso a major source of revenue to local jurisdictions. City
governments received increased proportions of their general revenues from Federal and state
grants-in-aid and tax sharing. Revenue from state government represented 11% of the total 1979
primary study area revenue, while Federal intergovernmental revenue represented about 8% of the
total. A comparison of per capita revenues and expenditures among major study area taxing
jurisdictions is given in Table 4.10. The magnitude of the educational expenditures is at
least 2 to 3 times greater; however, they are not included in Table 4.10.

Major expenditures in study area jurisdictions were made for transportation and public works,
public safety, health and welfare, recreation, tax administration, judicial service or the
judiciary, general administration, and community development. Of these, the largest expenditures



Table 4.10. Ravenues and sxpenditures (3, excluding sducation) for major taxing jurisdictions
in primary study area (PSA), FY-1978

Revenues Expenditures
Major PSA taxing Transportation
jurisdiction State General property Otha Total ' Public o Total - Per

erpment taxes r reverues Per capita Safety and ther expenditures  capita

o public works
Aiken county 1,692,581" 1,446,851" 1,708036 4847487 4773 1,014,313 910,768" 2,545,650  4,470,731"  44.02
City of Aiken 186,707 1,520,859 3,023,200 3,340,786 22269 1,064,761 438,224 1,653,251 3,156,236  210.38
City of North Augusta 188,130 641,237 921,468 1,750,835 12970 574,335 518,741 604,707 1,697,783 125.76
Allendale county 282,118 210,713 465,390 868,218 9307 64,952 32,863 459,074 556,889 54,09
Town of Allendale 51,222 134,945 173,842 360,009 84,13 139,077 148,474 - 236,963 §24,434 12256
Bamberg County 412,986 100,497 615448 1,128,932 66.62 128,689 44,936 935,350 1,108,874 65.44
City of Bamberg 47,773 74,386 262,458 384,617  106.87 184,363 118,512 68,721 371,586  103.26
City of Denmark §1,252 109,796 266,427 427,475  109.61 218,462" 114,071% 41,573 200,060  74.86
Barnwell county 481,472 392,049 887,215 1,760,736 92.29 96,296 183,594 1,304 698 1,584,588 B3.06
City of Barnwell 60,401 185,087 573,366 818854 15164 261,297 337,630 405524 1,004,451  186.00
Columbia county 285,096 1,258,925 1,696,660 3,140,681 80.58 505,107 1,204,123 1,508,759 3,217,989 82.56
City of Grovatown 194,502 37,000 136,480 366,982 10831 179,003 11,500 203,979 394582 116.46
Richmond county 1,638,054 2,779,213 10,754,330 15,171,587 85.82 5,606,978 2,804,366 12,566,764 20,968,098 118.61
City of Augusta 826,110" 1,487,070" 24,762,065 27085245 57959 3,959,238°  11,160,274*  11,045408 26,164,821  559.89
Total 6,606,210 10,747,362 46,622,341 62,876,013 12791 14,329,958 18,262,671 34,680,129 67,192,768 184.78

*FY-1978,
Pey.1980.

Saurce: SBC 1981,

rl-v
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were for transportation and public works and for public safety (Table 4.10). Expenditures for
transportation and public works constituted 27% of the total 1979 study area expenditures, and
another 21% of local expenditures went for public safety. As expected, more money was spent in
the urban counties of Aiken, Richmond, and Columbia, where greater investments for roads, sewers,
and water facilities are more essential than they are in the rest of the primary impact area.

4.3 METEOROLOGY

W
g
Wind data are measured at seven 62-m meteorological towers on the SRP site and at the 2366-m
WJIBF-TY tower located off site. Temperature data are also measured at the TV tower and at one
onsite station that records continuous temperature, maximum and minimum temperature, daily

rainfall, relative humidity, and barometric pressure. Rainfall is also monitored at the seven
meteorological towers at SRP.

mmiamT mmss ml Ao My
egorology of the
7] eor

t PF site is based on data coliected at the SRP site
t in Augusta, Georgia.

4.3.1 Regional climate

The SRP is Tocated in the Atiantic Coastal Plains province, This area, which is subject to
continental influences, is protected by the Blue Ridge Mountains to the north and northwest from
the more vigorous winters prevailing in the Tennessee Valley. The terrain does not moderate the
summer heat, The SRP site and surrounding areas are characterized by gently rolling hills with
ne unusual topographic features (except the Savannah River along the western boundary) that
would influence the general climatology significantly.

The summers are long and humid with many thunderstorms. The summer season has the heaviest
rainfall of the year, contributing about 30% of the annual total. Hail at a given location
occurs about once avery two years.

The fall season has many cool mornings and warm afternoons. About 18% of the annual rainfall is
recorded during the fail.

Winters are mild and although the cold weather usually lasts from late November to late March,
less than one-third of the days have a minimum temperature below freezing. Snowfall is not
unusual but does not Tast Tong (more than three days of sustained snow coverage is very rare).
The winter rainfall represents 25% of the annual total.

Spring is the most changeable season of the year. Infrequent tornadoes occur most often in the

spring. An occasional hailstorm may occur in the spring or early summer. Spring rainfall
represents 27% of the annual total.>

4,.3.2 Local climate
The local climate of the SRP site is typical of the region because the topography of the site is

similar to that of the area,

4.3.2.1 Temperature and humidity

The temperature data for SRP covered a period of 16 years. Table 4.11 lists temperature averages
and extremes, .

The average winter temperature is approximately 9°C; the average summer temperature, 27°C. The
annual average temperature is 18°C with an average daily temperature variation of about +7°C.

The annual average relative humidity at the SRP site, measured from 1964 through 1978, is 66%;
the average minimum s 43% and the average maxfimum is 90%.

The growing season lasts about 240 days. The date of the last frost averages March 16, and the
date of the first frost averages November 12.

4.3.2.2 Precipitation

The average annual rainfall at the SRP site is 120 ¢m for 1952 through 1978, On the average,

rainfall is greatest in March and least in November (Table 4.12). Snowfall and freezing rain

are infrequent and seldom cover the ground for more than a few days. Approximately 40 cm of the

total precipitation infiltrates into the soil; of the remainder, about 40 cm is lost as runoff and}J-28
a simitar amount is lost as evapotranspiration.
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Tabie 4,11, Average” and extreme temperatures
at the SRP site, 1961 through 19785

Extreme monthly

Average daily temperature temperature
Month i°c) °c)

Max. Min, Maonthiy Max. Min.
January i3 2 8 30 -8
February 15 3 g 27 -10
March 20 7 13 32 ]
April 25 12 18 35 1
May 28 16 22 37 S
June 32 19 26 41 9
July 33 21 27 39 14
August 32 21 27 40 13
September 29 18 24 38 5
October 25 12 19 33 -2
Novermber 19 [5) 13 32 -8
December 15 4 9 28 -9

2 average annual temperature = 18°C,

Source: EID,
Table 4.12, Precipitation at SRP,
19562 through 1978
Wonthly rainfall
A {cm)
wmoniLn
Max Min Ay

January 25,5 3.2 110
February 20.2 24 10.6
March 22.0 38 128
April 20.8 3.2 8.7
May 277 3.4 10.3
June 277 6.3 115
July 26.7 5.0 121
August 313 26 12.0
Septernber 221 25 10.1
October 15.6 o] 8.2
November 164 Qs 59
December 19.1 1.2 9.1

Average annual rainfall 1203

Source: EID.

The plant site is protected to a great extent from flocding of the Savannah River by two upstream
dams. During the heaviest rainfalls some flooding does occur in low-Tying areas near the river.

4.3.2.3 Severe weather

Tornadoes

The SRP site is in an area where occasional tornadoes are to be expected. Recent data, 1959
through 1971, show that South Carolina is struck by an average of 10 tornadoes per year.5 Most
of the tornadoes occur from March through June and have maximum wind speeds up to 418 «m/h,

No SRP facilities have suffered significant tornado damage. Several tornado funnels have been
sighted but apparently did not touch ground. Studies covering a period from 1916 through 15975
were used to assess the risk of tornado damage to the DWPF and show that the probability for a
tornade striking a large building is about 1 x 1073 per year, compared with 1 » 107% per year
for striking a single point.
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Hurricanes and high winds

Thirty-eight hurricanes caused damage in South Carolina over the 272-year record {1700 through
1971), an average of one every seven years. Hurricanes occur predominantly during August and
September. Because the plant site is approximately 160 km inland from the coast and the high
winds of the hurricanes tend to diminish as the storms move over land, winds of 120 km/h have
been measured only once dur1ng the history of the SRP.

An occasional winter storm may bring strong and gusty surface winds; wind speeds as high as

116 km/h have been recorded. Dur1ng the summer the onTy strong surface winds are assoc1ated
with thunderstorms, during which winds up to 64 km/h, with stronger gusts, can be generated.

4,3.2.4 Ajr pollution potential

Ambient air quality

Atken and Barnwell Counties in South Carolina, and Burke and Richmond Counties in Georgia have
been designated as attaining with respect te the national ambient air quality standards for total

suspended particulates, sulfur and nitrogen oxides, ozone, and carbon monoxide. In accordance
with tha Cflaan Aiv Art dmondmante of 101 tha Statae nf Ranraia and Santh MNavalina aarcrh haus

TV P WPV Wi WD A TR Fie b FUTLIIWINICITRD o il JURVLT W MW YU Wiy JUdrel warviina cTauil rnavoe
implemented air-sampling networks. Air qua]ity measurements in South Carolina (1979) and Georgia
(1980} in the vicinity of SRP indicated no violation of standards for sulfur dioxide and nitrogen
dioxide, and one violation at two stations in Augusta, Georgia, of the average 22-hour Georgia
standard for particulates.**

Temperature inversions

Temperature inversion data are available from instruments on the 366-m WJBF TV tower approxi-
mately 24 km from the center of the SRP site. The 1974 temperature measurements between 3 and
335 m elevation were analyzed by comparing the temperature profiles with the adiabatic lapse
rate (i.e., the rate at which the temperature would change with he1ght under adfabatic condi-
tions).” Abﬂut 30% of the time, a temperature inversion ‘btﬂl.lll: CGﬁuu.‘lGﬁS; extended to or
beyond the 3- to 335-m layer. About 9% of the data showed an inversion developing at the Tower
levels with an unstable layer above; this represents the transition period between the unstable
daytime regime and the onset of the nighttime inversion. Thus, conditions were considered
stable about 39% of the time,

Other data taken at the 36- to 91-m layer and at the 182- to 335-m layer indicated that stable

conditions existed 30 to 32% of the time from 1966 through 1968, in good agreement with the
analysis based on the 1974 data. )

Mixing depths

=
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he depth of the nocturnal mixed layer at SRP is measured by an acoustic sounder that has been
operated cont1nuous1y since 1974.* The average morning mixing depth is about 400 m in winter,
spring, and summer, decreasing to about 300 m in fall., The average afternoon mixing depth is
about 1000 m in winter, 1700 m in spring, 1900 m in summer, and 1400 m in fall. Based on these
data, an average annual mixing depth of 938 m was assumed for this study.

Wind and dispersion characteristics

Atmospheric diffusion estimates were obtained from meteorological data for a two-year period
from January 1976 through December 1977. The data were obtained from the seven meteorological
towers at SRP and the WBJF TV tower 15 km from the plant boundary (Fig. 4.6). Wind direction
and ve10c1ty at SRP were measured at 62 m aboveground to match the height of the major SRP
stacks and at 9.7 to 305 m, aboveground at the offsite television tower. Tower locations are
representative of the gener31 landscape of the area and are located where the prevailing winds
do not pass over buildings before reaching the towers.

The meteorological data required to calcuiate the atmospheric dispersion are joint frequency
distributions of wind velocity and direction summarized by stability class. These data for the
SRP are shown in Tables 4.13 and 4.14,

The wind direction frequency near SRP is shown in Fig. 4.7 as percent of time the wind was
blowing from different directions at a height of 62 m at the offsite television tower, For the
period 1976 and 1977 the winds blew mainly from the west and southwest quadrant.
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4,4 GEOLOGY AND SEISMOLOGY

Located in the Aiken Plateau physiographic division of the Upper Atlantic Coastal Plain, the
proposed DWPF site (S-area) Vies about 40 km (25 miles) southeast of the fall line separating
the coastal plain from the Piedmont tectonic province of the Appalachian system. Site relief,
about 30 m, is primarily related to stream incision {Fig. 4.8). However, numerous shallow
ellipsoidal depressions, similar to Carolina Bays, occur across the site region and the SRP.9
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Fig. 4.6, Atmospheric data sources for SRP. Source: EID,

Table 4.13. Frequencies of wind directions and true-average wind speeds

Wind speeds for each stability class

Wind Frequenc {m/s}
from quency

A B c D E F G

S 0.074 339 342 356 341 396 428 4.10
SSE 0.066 334 324 321 343 423 371 318
SE | 0.049 285 260 288 297 338 314 240
ESE 0.054 347 299 309 334 115 324 235
E 0.061 399 351 343 333 302 379 387
ENE 0.068 425 371 352 375 3.10 416 293
NE 0.052 3.76 362 331 324 303 371 287
NNE 0.020 302 333 358 333 320 390 23
N 0.014 298 283 236 255 264 255 260
NNW 0.027 349 2864 133 249 287 345 339
Nw 0.085 386 402 366 342 354 422 316
WNW 0.090 444 368 298 426 469 434 401
w 0.093 429 343 358 334 432 440 234
WSW 0.085 309 398 306 326 391 434 306
SwW 0.082 3.9t 381 328 326 385 381 432

Ssw 0.089 357 319 323 316 371 421 383
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.\ Table 4.14. Frequency of atmospheric stability classes for each direction
Fraction of time in each stability class
Sector
B [ D E F G
S 0.106 0.050 0.043 0.262 0.227 0220 0.002
SSE 0103 0.033 0037 0207 0336 0192 0092
SE 0.148 0.043 0042 0242 0319 0161 0.045
ESE 0212 0044 0041 0206 0331 0134 00N
E 0216 0050 0046 0170 0296 0177 0.045
ENE 0.158 0053 0046 0.168 0276 02058 0055
NE 0212 0040 0040 01863 0290 0206 0.049
NNE 0.148 0035 0030 0146 0336 0233 0070
N 0.109 0030 0035 0.156 035 0246 0068

NNW 0108 0.024 0026 0179 0422 0.187 0.052
NW 0,109 0031 0029 0.a81 0387 0208 0.088
WNW 0113 0030 0037 0204 0314 0225 0.076

w 0158 0044 0039 0213 0275 0194 0.077

WsW 0.163 0038 0047 0245 0286 0.161 0.061

SwW 0.118 0044 0058 0297 0282 0.156 0.044

SSW 0088 0041 0088 0295 0312 0180 0047
ES-5547
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Fig. 4.7. Wind direction frequency. near SRP from 1976 to 1977 (62 m above ground level
at WIBT-TV tower). Source: EID.
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Site Stratigraphy and Physiography

Fig. 4.8. Generalized northwest to southeast geologic profile across the Savannah River
Plant.

4.4.1 Stratigraphy

Atlantic Coastal Plain sediments in South Carolina range in age from Cretaceous to Quaternqry

and form a seaward-dipping and thickening wedge of interstratified beds of mostly unconsol idated
sediments (Fig, 4.8). At the SRP sites these sedimentis are approximately 300 m (1000 ft)

thick. The base of the sedimentary wedge rests on Precambrian and Paleozoic crystalline basement
similar to the metamorphic and igneous rocks of the Piedmont as well as on siltstone and clay-
stone conglomerates of the Dunbarton Triassic Basin. Immediately ovgr1y1ng the basement is the
Upper Cretaceous, 180-m-thick Tuscaloosa Formation, ccmpcsed of prolific gater-bearlng sands )
and gravels separated by prominent clay units. Overlying the Tuscaloosa is the Ellenton Formation.
This 18-m-thick formation consists of sands and clays interbedded with coarse sands and gravel.
Four formations listed in Fig. 4.8, the Congaree, McBean, Barnwell, and Hawthorn, compose the
85-m-thick Tertiary {Eocene and Miocene) sedimentary section. These sediments consist predomi-
nantly of clays, sands, clayey sands, and sandy marls. The near-surface sands of the Barnwell
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and Hawthorn formations are usually in a loose to medium-dense state. They frequently contain
sediment-filled fissures (clastic dikes) less than 0.3 m in thickness.

Quaternary ailuvium has been mapped at the surface in figodpiain areas adjacent to the DWPF
site. Soil horizons at the site are generally uniform and relatively shallow, on the order of
1 m deep. They are characterized by bleached Barnwell-Hawthorn sediments, which results in a
light tan sandy loam.

4.4.2 Structure

The Dunbarton Triassic Basin underlies the SRP almost 5 km southeast of the DWPF site. Other
Triassic-Jurassic basins have been identified in the coastal plain tectonic province within

300 km of the site. Northwest of the fall line are the Piedmont, Blue Ridge, and VYalley and
Ridge tectonic provinces associated with Appalachian mountain building. Several major fault
systems occur in and adjacent to these tectonic provinces, but none within 300 km of the SRP
site are believed to be capable (as defined by 10 CFR 100, Appendix 6).19 Subsurface investi-
gations did not detect any faulting of the sedimentary strata in the DWPF site area. Several
surficial faults, generally less than 300 m in length and with less than 1-m displacement, were
mapped within 8 km of the site. None of these faults is considered capable and none poses a
threat to the DWPF site.i?

4.4.3 Seismicity

The Savannah River Plant is located in a region where definite correlations between earthquake
epicenters and tectonic structures have not been established. Only two major earthquakes have
occurred within 300 km of the SRP site: (1) the Charleston earthquake of 1886, which had an
epicentral Modified Mercalli Intensity (MMI} of X, was Tocated some 150 km distant and (2) the
Union County, South Carolina, earthquake of 1913, which had an epicentral shaking of MMI VII-VIII,
was located approximately 160 km distant.!!»!2 An estimated peak horizontal shakin? of 7% of
gravity (0.07 g) was experienced at the site during the Charleston 1886 earthquake.'®

Seismological studies indicate that the site is located in an area where moderate damage might
occur from earthquakes.!'? The USGS has estimated that a maximum horizontal ground acceleration
in sound bedrock of 0.11 q could be experienced in the area with a 90% probability of not being
exceeded within 50 years.!*

Additional information on stratigraphy, structure, and seismology is given in Appendix G.

4.5 HYDROLOGY
4.5.1 Surface waters

The SRP site adjoins and is almost entirely drained by the Savannah River, which comprises one

of the major drainage networks in the Southeastern United States. Approximately 77% of the
27,394-km? area drained by the Savannah River is upstream from the SRP;!3 operation of two large
upstream reservoirs has stabilized the flow of the river. Average flow during 1962 through

1978, as measured by the U.S. Geological Survey at nearby Augusta, Georgia {station No. 02197000},
was 299 m3/s; minimum daily flow was 126 m3/s. The peak historical flood for the period between
1796 to the present — 10,190 m3/s — corresponds to a stage of about 36 m. This peak flood stage
is about 40 m below most areas in the proposed DWPF site.

The Savannah River is a Class B waterway downstream of Augusta, Georgia, suitable for domestic
use after treatment, for propagation of fish, and for industrial and agricultural uses.!6-17

The reach upstream of SRP supplies municipal water for Augusta, Georgia, and North Augusta,

South Carolina, and, downstream, for Beaufort and Jasper counties, South Carolina; it supplements
the water supply of Savannah, Georgia.l8:!9 The SRP withdraws about 26 m3/s from the Savannah
River, primarily for cooling water used in nuclear reactors and coal-fired power plants. Most

of the water withdrawn returns via tributaries draining the plant.!® The Savannah River receives
sewage treatment effluents from the communities and industries of Augusta, Georgia, and North
Augusta, Aiken, and Horse Creek Valley, South Carolina, and obtains heated water and other waste
discharges from the SRP via tributaries.29 Other uses of the Savannah River in this region are
navigation (barge traffic from Savannah to Augusta, Georgia) and recreation (primarily boating
and sport fishing).2l Upstream, recreational use of impoundments on the Savannah River, includ-
ing water contact recreation, is more extensive than it is near the SRP and downstream.

The SRP site is drained almost entirely by five principal systems: (1)} Upper Three Runs Creek
(490 km?); (2) Four Mile Creek (including Beaver Dam Creek) {90 km2); (3) Pen Branch (90 km2);
{4) Steel Creek (90 km2); and (5) Lower Three Runs Creek {470 km2). These streams arise on the
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Aiken Plateau and descend 30 to 60 m before discharging to the Savannah River (Fig. 4.2). The .i
sandy soils of the area permit rapid {nfiltration of rainfall, and seepage from these soils

furnishes the streams with a rather constant supply of water throughout the year. A large

forested swamp bordering the Savannah River receives the flow from Four Mile Creek, Beaver Dam

Creek, Pen Branch, and Steel Creek. The swamp borders the river for a distance of about 16 km

and averages a width of about 2.5 km, Its waters discharge to the river through breaches in

the river levee. During periods of high water, river water overflows the levee and floods most

of the swamp.

Four of the five streams draining the SRP (a1l but Upper Three Runs Creek) have received inter-
mittent reactor cooling-water discharges. Although effects on the Savannah River itself are
small, the Targe flow of hot water (many times the natural flow of the streams) has altered the
characteristics of several SRP streams and some areas of the river floodplain swamp. Over one-
third of the trees and plants in the floodplains of Four Mile Creek, Pen Branch, and Steel Creek
and in about 500 ha (16%) of the river swamp have died as a result of increased silt deposition
and exposure to high or hot water.!? Since the discharge of hot water from L-reactor was dis-
continued in 1968, fish have returned and plant 1ife has made a partial recovery in Steel Creek.2?2

Upper Three Runs Creek differs from the other major streams in several respects. Besides the
fact that it is a blackwater stream and the only major stream that does not receive cooling
water discharges, its headwaters and about 225 km? (46%) of its watershed lie upstream of the
SRP site and consist primarily of forestland and farmland. Upper Three Runs Creek above the SRP
was designated by the U.S. Geological Survey in 1966 as a Mational Hydrologitc Bench-Mark Stream
{EID). Streamflow and various water quality parameters are routinely monitored at a station on
U.s. 278 {Fig. 4.2).

In addition to the flowing stream, surface water is held in over 50 man-made impoundments on the
SRP site covering an area of over 12 km2. The largest of these, Par Pond, has an area of 11 km?.
Surface water is also collected in about 200 natural depressions on the SRP site, called carolina
bays.2? These wetlands are shallow (1 to approximately 2 m maximum relief) and vary in size
from tess than 0.1 to 50 ha; the median size is 1 ha.23 They are precipitation dominated,
receiving no aEpreciab1e surface rungff and probably little exchange with groundwater during
most periods.2* The origin of the bays, though still in doubt, is generally believed to be
surface subsidence following solution of subsurface strata by groundwater.? Most estimates of
their age fall in the range of 10,000 to 100,000 years.2%

The proposed DWPF site, S-area, lies in an upland area entirely within the Upper Three Runs
Creek drainage basin (Fig. 4.3}. It is adjacent to and northeast of H-area, about 1.5 km to the
east of Upper Three Runs Creek. The eastern half of the site is drained by a 'small unnamed
tributary to Tinker Creek, just upstream of fts confluence with Upper Three Runs Creek. The
western half of the site drains into another small unnamed tributary to Upper Three Runs Creek,
These streams lie in narrow, moderately sloped, wooded valleys and descend sharply (about 30 m)
before discharging to Tinker Creek and Upper Three Runs Creek. Upper Three Runs Creek lies in a
broad, wooded valley with very steep slopes to the east and a more gentle rise to the west. It
has a low-gradient, meandering channel bordered by a floodplain swamp, particularly in the lower
reaches. Streamflow of Upper Three Runs Creek during 1966 and 1976 at a station about 8 km
upstream from S-area averaged 3.2 mi/s with an instantanecus maximum of 11.9 m3/s and a minimum
of 1.9 m3/s. At a station about 7 km downstream from S-area drainage (at road C, Fig. 4.3),
streamflow averaged about 7.5 m3/s. The S-area contains one small ?about 0.5-ha} carolina bay,
Sun Bay, which has been partially drained.

The_proposed saltcrete burial site {200-Z) Ties in upland areas within the Upper Three Runs
drainage basin. It is at least 500 m from the nearest permanent stream.

4.5.2 Subsurface hydrology

Three distinct geologic-systems underlie the SRP: (1) the coastal plain sediments, where water

occurs in porous sands and clays; (2) the buried crystalline metamorphic bedrock, where water

occurs in small fractures in schist, gneiss, and quartzite; and {3) the Dunbarton basin, where

water occurs in intergranular spaces in mudstones and sandstones (Fig. 4.8). The coastal plain
sediments, which contain several prolific and important aquifers, consist of a wedge of stratified
sediments that thicken to the southeast from zero meters at the fall line to more than 1200 m at

the mouth of the Savannah River. Near S-area the sediments are about 300 m thick and consist of

sandy clays and clayey sands.!® The sandier beds form aquifers and the clayier beds form con-

fining peds. The coastal plain sediments consist of the Hawthorn Formation, which is successively
underlain by the Barnwell, McBean, Congaree, Ellenton, and Tuscaloosa formations {Fig. 4.9). .

The Barnwell Formation commonly contains the water table with water depths ranging from 9 to
15 m below the ground surface. The overall vertical flow pattern near S-area is infiltration of
precipitation into the Barnwell Formation and percolation downward to the Congaree Formation.
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Fig. 4.9. Stratigraphic column at the SRP site.

The "tan clay" diverts some water in the Barnwell Formation laterally to creeks. The "green
clay" diverts most of the water in the McBean Formation laterally to creeks. The Ellenton and
Tuscaloosa formations are hydraulically separated from the Congaree Formation and are not
recharged near S-area.

The observed potentiometric contours near S-area indicate that (1} flow in the Barnwell Formation
generally follows ground surface contours and drains toward Upper Three Runs Creek and an unnamed
tributary; (2) the McBean Formation also drains toward Upper Three Runs Creek and an unnamed
tributary; and {3) the Congaree Formation drains toward Upper Three Runs Creek. Both the recharge
and discharge controls for the water in the Tuscaloosa Formation are outside S-area. The

Tuscaloosa Formation acts as a water conduit through which water passes beneath the SRP in going

from recharge zones in the Aiken Plateau to discharge zones in the Savannah River Valley upstream
of the SRP.

The direction and rate of groundwater flow are determined by the hydraulic conductivity, hydraulic
gradient, and effective porosity. Near S-area, typical groundwater velocities in the Barnwell,
McBean, and Congaree formations are 1 to 1.5 m/year, 2 to 4 m/year, and 14 m/year, respectively.il
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The water in the coastal plain sediments is generally of good quality and suitable for municipal
and industrial use with minimal treatment. The water is generally soft, slightly acidic, and
low in dissolved and suspended solids. The Tuscaloosa and Congaree formations are prolific
aquifers and are major sources of municipal and industrial water. The McBean and Barnwell
formations yield sufficient water for domestic use. See Appendix F for detailed information

on subsurface hydrology.

4.6 ECOLOGY

The SRP was designated as a National Environmental Research Park {NERP) by the U.S. Atomic
Energy Commission {DOE predecessor agency) in 1972. The NERP program was established to provide
for research into the environmental impacts of man's activities. The SRP site provided a

ynique opportunity to launch this program because of its large buffer zones. Natural resource
inventories and characterizations of the site were summarized by Brishin et al.23

4,6.1 Terrestrial

The Savannah River Plant was approximately two-thirds forested and one-third cropland and pasture
when acquired by the U.S. government some 30 years ago. The abandoned fields were allowed to
pass through vegetational succession or were planted with pine so that 90% of the site is now
forested. Because the area is Targe, is topographically variable, has a diverse vegetational
history, and human access is Timited, its floral and faunal diversity and abundance have high
ecological valye.

4.6.1.1 Vegetation

Although the whole SRP is ecologically valuable, the proposed DWPF site is not ecologically
unique within the SRP. Table 4.15 lists estimates of areas by habitat type for the proposed
S-area. Loblolly and slash pine occupy approximately 65% of the site. Both are important in
local old-field succession and are, therefore, abundant on the SRP. The proposed area has
significant bottomland hardwood communities (+~12%). The bottomland hardwood forests have
greater species diversity, and presumably greater productivity, than the upland communities and,
therefore, are considered to have greater ecological value. The proposed site contains a small
wet area known as a carolina bay (Sun Bay}. Because of the moisture conditions of carolina bays,
vegetation differs significantly from surrounding vegetation and locally is an important wildlife
habitat. Approximately 200 carolina bays have been identified on the SRP.

Table 4.15. Area habitats potentially
disrupted by OWPF (ha?}

Habitat type S-area
Slash pine 61
Loblolly pine 29
l.ongleaf pine 16
Pine-nak-hickory 3
Turkey cak 7
Upland hardwoods 4
Hottomland hardwoods 16
Wettands 1
Disturbed areas 3

Tatal 140

?1 ha = 2.47 acres.

Source: Data from H. Mackey {SRL) and
C. Westberry (SRL}). Memorandum of
Jan. 17, 1980 o W.Holmes {SRL),
J. Caldwell (SREL), J. McBrayer {ORNL),
ang P, Mulholland (QRNL}.

A site for disposal of decontaminated salt mixed with concrete has been proposed for the north-
east side of the intersection of plant roads F and 4. Plant communities affected are slash and
1oblolly pine or, depending on placement, longleaf pine. No hardwood forests should receive

direct construction impacts, although the site is bordered on the north and east by bottemland
hardwood forest.
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4.6.1.2 MWildlife

The SRP contains considerabie wildlife diversity because of its range of diverse habitats and
its protection from the public. The proposed DWPF area has been extensively surveyed for wild-
life, Identified insect species numbered 262, one-third of which were aquatic insects that were
collected at Sun Bay. Seven lizard species, 11 snake species, and five turtle species were
identified. One snake species and four turtle species are aquatic and were aiso collected at
Sun Bay. Six salamander species, three toad species, and 12 frog species were captured at Sun
Bay. In all, approximately 5400 adult amphibians were observed entering Sun Bay in 1979.
Eighty-one species of birds and 21 species of mammals were observed.

No faunal surveys have been received for the salt disposal area, but the fauna should be similar
to that of upland pine communities at the nearby sites under consideration for the DWPF.

4.6.1.3 Rare and endangered species

Four species listed as endangered or threatened by the U.S. Fish and Wildlife Service?® have
been identified on the SRP:1® bald eagle, red-cockaded woodpecker, Kirtland's warbler, and

American alligator. Only the red-cockaded woodpecker possibly could find suitable habitat in
any of the areas to be affected by the DWPF. The proposed site (S-area) was surveyed in May
1979, and evidence of this species was not found; the U.S. Fish and Wildlife Service has con-

curred in the DOE finding of no impact (Appendix C}.

The State of South Carelina has a Nongame and Endangered Species Conservation Act (s50-15, 1976,
S.C. Code of Laws;. Rules established to implement the act protect federally protected endangered
and threatened wildlife that occurs in South Carolina {R123-150) — sea turtles {R123-150.1) and
predatory birds of the orders Falconiformes and Strigiformes (R123-160)}. No plant species
currently receive state-level protection.

According to the endangered species specialist of the Wildlife and Marine Resources Department
(T. Kohlsaat, personal communication, Jan. 15, 1980), additions to the state protection listings
may be made by the Wildlife and Marine Resources Commission and would probably be taken from
species 19sts compiled for the First South Carolina Emdangered Species Sympesium.2? Although
these species do not now enjoy legal protection, they warrant consideration both because they
are perceived by experts to be in need of protection?® and because legal protection could be
extended to them. One such species {the green-fringed orchid Habenaria lacera)} has been sighted
in bottomland hardwood forest near S-area. Two have been found in Sun Bay, the creeping water-
plantain Echincdorus parvutus and the spathulate seedbox Ludwigia spathulata. These species are
considered to be of special concern" (i.e., the species is either of undetermined status or is
vulnerable to Toss if not now endangered or threatened).?2?

The eastern slender glass lizard Ophisawrus atternuatus and eastern tiger salamander Ambystoma
t. tigrimwn have been collected in S-area. Both have been listed as of "special concern."?2?
Cooper's hawk Aceipiter cooperii, listed as "threatened," and loggerhead shrike Lanius

s :
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4.6.2 Aquatic
4.6.2.1 MWater quality

Generally, surface water on the SRP site and surrounding areas is very low in dissolved solids
and retatively low in pH (usually 5 to 7 pH units).!? A1l of the major drainage systems on the
SRP site, with the notable exception of Upper Three Runs Creek, have received relatively large
additions of reactor cooling-water that was originally withdrawn from the Savannah River.
Currently, Four Mile Creek and Pen Branch receive large volumes of heated effluent (Table 4.16).
Temperatures in these streams can reach 50°C or more during periods when reactors are operating.
Additionally, all streams receive some level of wastewater discharge resulting from SRP operations
(Table 4,16). Industrial effluents are authorized under NPDES Industrial Effluent Permit

SC 0000175 by the U.S. Environmental Protection Agency (EPA}, Region IV, Atlanta, Georgia.
Sanitary effluents are authorized by the U.S. EPA under NPDES Waste Water Permit SC 0023710.

The NPDES permit authority has been transferred from the U.S. EPA to the South Carolina Depart-
ment of Health and Environmental Control {(DHEC); SRP is in the process of reviewing its NPDES
permit with DHEC.

As mentioned previously, the Savannah River in the region of SRP site has been designated by the
South Carolina Department of Health and Environmental Control as a Class B waterway, suitable

for domestic supply usage.l” Man's activities have affected water quality in a number of ways.
Upstream dams have reduced siit Toad and turbidity. Wastewater discharges by municipaiities and
industries, including the SRP, add organic wastes, nutrients, metals and other trace contaminants,
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Table 4.18. Compilation of wastawatsr and cooling water discharges 1o the major drainage on SRP

Estimated wastewater

Stream discharge rate Wastewater type®
{L/sec)
Upper Three Runs Creek 0.5 Ash basin effluent from F-area {012}
Via Tims Branch 6.3-50 Process sewer, cooling water, and
surface runoff from A-area {026}
6.3—13 Process sewer, treatment plant effluent,
surface runoff from M-area (027}
Runoff Ash pile runoff from A.area (024)
Four Mile Creek 7000 Cooling water from C-area {007}
63-240 Process sewer from C-area {031}
5.1 Ash basin effluent from H-area (013)
1.1 Sanitary wastewater effluent from F-area {002)
1.5 Sanitary wastewater effluent from H-area (0031
0.7 Sanitary wastewater effluent from
¢entral shops (006)
Runoff Coat pile runotf from H-, F-, and C-areas
{016, 019, 020)
Runoff Ash pile runoff from C-area {023}
Beaver Dam Creek 880—-1600 Process sewer from D-area {028)
58 Ash basin effluent fram D-area (011)
6.3-63 Treatment plant — filter backwash,

deionizer regenerants, and
precipitator blowdown from

D area {025}
1.1 Sanitary wastewater effluent
from D-area (0O5)
Runoff Coal pile runoff from D-area {022)
Pen Branch 11,000 Cooling water from K-area
125 Process sewer from K-area (029)
Steel Creek 125 Process sewer from P-area {030)
4.4 Ash basin effluent from P-area
0.1 Sanitary wastewater effluent from P-area

{formerly received cooling water
discharge from P- and L-reactors)

Lower Three Runs Creek [Formerly received coocling water from
R-reactor, currently receives drainage
from Par Pond}

*Nurnbers in parentheses are NPDES outfail numbers,

Sources: NPDES Industrial Effluent Permit SC 0000175 and Sanitary Wastewater Effluent Permit
5C 0023710.

and heat.20 Recently, improved wastewater treatment by municipalities has reduced nutrient and
BOD loading, but industrialization in the basin has resulted in additional waste loading.

Some water quality characteristics of the Savannah River, Upper Three Runs Creek, and Four Mile
Creek upstream of heated effluent discharge are Tisted in Table 4.17. Upper Three Runs Creek
has a median pH of 5.8 and s 'low in dissolved solids (mean of about 25 mg/L), characteristics
typical of low-gradient blackwater streams in the coastal plain of the southeastern United
States. In contrast, Four Mile Creek is of higher pH (median 6.4) and has higher levels of
total dissolved solids {(mean of 60.1 mg/L). Concentrations of chloride, nitrate, sulfate,
sodium, and calcium are substantially higher in Four Mile Creek than in Upper Three Runs Creek
but are similar to those in the Savannah River.

Of the major streams draining the SRP site, Upper Three Runs Creek has the highest water quality
and lowest impacts from SRP operations. The only waste discharge from SRP upstream of its
confluence with Tims Branch (Fig. 4.2) is a small ash basin effluent from F-area of 0.5 L/s
(Table 4.17). The flowing streams labaratory, located on Upper Three Runs Creek immediately

uzsgreangf the confluence with Tims Branch, has been the site of past aquatic ecological
studies.
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Table 4.17. Comparison of water quality charscteristics of Upper Thres Runz Cresk, Four Mile Crask, and the
' Savannah River with water quality standards
DOata given in mg/L unless indicated otherwise

Upper Three Runs Creak® Savannsh River®< Watar Quality Standards
Upstream®d Downstream® Four Mile Creext-0 Upstream” Downstreamd ———————""Pimeciion of
Mean Range Maan Range Mean Range Mean Range Mean Range Drinking water”  aguatic life/
Tempersture {*Cl 5.0-24.0 2.0-260 5.0-27.0 7.0-25.0 73-242
pHY 58 4.8-2.7 | 58 46-76 64 58-74 6.7 59-7.0 6.6 5.6-7.0 6.5-8.5
Dissolved oxygen 8.8 80-11.7 8.7 6.2-12.0 82 £2-126 109 8.4-123 9.8 8.4-11.9
BOD 7.2 <i-2.5 16 0.5-2.86
cop 88 <8-27 13.2 <5-53 84 <5-43
Susperided solids B8 1-83 10.2 <1-47 123 2-150 23¥ 11=-74 8.4 16-33
Total dissolved solids  23.4 7-105 273 4-80 60.1 21-98 46.2 Nn-54 46.2 33-54 500
Alkalinity (CaCO3) 21 <1-6.0 38 1.0-80 1.2 40-18.0 138 0.7-185 130 08-188
Sodium (Na} 1.3 0.1-25 1.5 08-48 9.7 4.3-27.5 Ly 4.0-98 7.6 40-10.2
Calgium (Ca) 05 <0108 1.5 1.1-2.2 34 2.2-B86 138 1.3-28 1.9 1.3-218
Chioride (Cl} 21 1248 2.2 1.2-4.9 31 1.6-6.3 4.7 3.2-75 48 315-69 250
Nizrite {NO;-N} 0.02 <0.02 <0.02 <002 <0.02
Nitrate (NO3-N) 0.20 0.0:-082 012 <051-0.18 2.86 0.37-6.5 0.80 <0.02-2.80 058 <0.02-2.3 10
Sutfate (50, -8) 1.2 <1-2.8 16 <1-4.0 56 <2-23.0 5.1 42-69 4.55 <2-94 250
Total phospnorus (P) 004 <0.02-017 013 <0.02-0.60 * 020 <0.02-0.60
Ammania (NHg-N) 0.03 0.01-0.05 <0.10-0.20 <0.10-0.20 0.02
Aluminum [Al) <0.5-048 <0.5-25 <0.5-2.5
Total iron (Fej 04 <G.1-1.0 046 <q.1-t.5 046 <G.1-1.5 a3 1.4
Lead (PB) <05 0.05

#50urce: Unpublished data, H. Mackey in a memarandum to P. J, Mulhaliand (ORNL}) and W. Holmes (SRL), Jan. 17, 1980, Samples were collected monthly over the five-year
period 1974 through 1978.

dSamples taken a1 Road A-7, upstream of heated effluent discharges.

€Source; EID.

A1 US-278 about B km upstream fram drainasga of S-area.

* At Road C about 7 km downsiream from drainage of S-area.

fUpstream from SRP drainage.

#Dawnstream from SAP drainage.

*Source: “Proposed National Secondary Drinking Water Standards,” Feg, Ragist, 42(62): 1714317147 (1977}

‘Source: U.S. Public Health Service, Drinking Water Standardt, PHS publication 056, 1962,

fSource: U.S. Environmentat Protection Agency, Quality Criteria for Water, EPA-440/9-76-023, July 1978,

*Data are medians.

4.6,2.2 Biological systems

The most complete data on the biological characteristics of the Savannah River and some of its
tributaries that drain the SRP site are contained in a series of reports issued by the Phila-
delphia Academy of Natural Sciences (ANSP).39,31 The streams draining the SRP site originate in
upland areas and have moderate gradients and relatively narrow floodplains over much of their
lengths; however, their lower portions are bordered by floodpiain swamp. Heated reactor effluents
discharged to Four Mile Creek, Pen Branch, and Steel Creek have eliminated much of the swamp
vegetation bordering these streams as well as portions of the large riverine swamp (bordering

the Savannah River) into which they flow,32 The flora and fauna of each of these streams below
heated effiuent discharges are extremely impoverished; only a few species of thermophilic bacteria
and algae are able to survive in some of the hotter areas.?? $ome fish and insects are found in
the cooler portions of these streams {<40°C). Heated discharge to Steel Creek ceased around

1968. Initial recovery of its biota has been slow,32 but it has accelerated more recently.

Biological communities of the S5avannah River near the SRP site are generally typical of those of
large southeastern U.S. rivers. Two anthropogenic alterations to the river — dredging in the
main channel up to Augusta, Georgia, during the 1950s and completion of upstream reservoirs
{Clark Hi11 Reservoir in 1952; Hartwell Reservoir in 1961) — have affected biota by reducing
shallow habitat and reducing transport of sediment and allochthonous particulate organic mate-
rial, The flora of the Savannah River is dominated by diatoms although blue-green algae are at
times an important component of the assemblage. The most diverse algal flora consistently
occurs during summer, coincident with low flow and less turbid water when light penetration is
greater. The abundance and species distribution of phytoplankton result, to some extent, from
overflow from upstream reservoirs. Macrophytes, most of which are rooted, are limited to shallow
areas of reduced current, such as in oxbows, behind sand bars, in swamp areas, and along the
shallow margins of tributaries.

Shallow areas and backwaters of the Savannah River near the SRP site support diverse benthic
populations; however, the bottom of most open portions of the river consists of shifting sand
that does not provide optimum habitat for bottom-dweiling invertebrates. The total number of
invertebrate species decreased sharply during the 1950s primarily as a result of dredging, and
diversity had not recovered fully by the mid 1960s.33
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As is typical of southeastern coastal plain rivers and streams, the Savannah River and its
associated swamp and tributaries have a very diverse fish fauna,3* Seventy-nine species have
been found in the region near the SRP site.?5 Dredging and reservoir completion {and perhaps
water quaiity degradation) may have been responsible for a gradual decline in the total number
of species present since 1960.35

The Savannah River supports both a commercial and sport fishery. Important commercial species
are the American shad Alosa sapidissima, hickory shad Alosa medioceris, and striped bass Morone
saxatilis, all of which are anadromous. Warm water fishing constitutes the bulk of the sport
fishing in the Savannah River., The most important game species are largemouth bass, smallmouth
bass, pickerel, crappie, bream {sunfish), and catfish. Reservoirs and lakes upstream from the
SRP provide a large portion of the available fishing waters.

The flora and fauna of Upper Three Runs Creek are characteristic of relatively undisturbed,
soft, blackwater streams of t{he sputheastern United States. A diverse assemblage of attached
diatoms is gresent; occasional mats of the yallow-green alga Vaucherisz sp. occur during
summer.38:37  Blye-green algae are rare. Shading by the dense hardwood overstory limits light
penetration and algal growth during summer. Where the forest canopy is open, rooted aquatic
plants, such as Vallisneria americana and FPotamegeton epihydrous, occur.

The macroinvertebrate assemblage in Upper Three Runs Creek and its tributaries is extremely
diverse. In addition to the endemic southeastern fauna, many typical northern and mountain
species occur, reflecting its cool temperature (because of shading in summer) and low suspended
particulate Toad.27:38 Tt also contains many rare species and has been described as an outstand-
ing example of a relatively unpolluted, spring-fed, sandhills stream.3® Although the stream
bottom is mostly sand and soft silt with occasional rock outcrops, abundant submerged logs and
tree limbs form excelient substrates for aquatic insects.

Fifty-eight species of fish have been reported from Upper Three Runs Creek, and althcugh some
evidence indicates that the total number of species now present may be somewhat fewer than in
the early 1950s, the fish community is still very diverse.15:36,33 Upper Three Runs Creek may
be seascnally important as a nursery habitat for a number of important species found primarily
in the Savannah River, including the American shad Alosa sapidissima, the blueback herring 4dlosa
aestivalis, and the striped bass Morone saxatilis. Upper Three Runs Creek may also be an
impertant spawning habitat for the blueback herring. Fish have also been reported in the small
unnamed tributary to Upper Three Runs Creek that drains the proposed DWFP site (S-area). Ten
species were caught during a study by the Savannah River Ecology Laboratory,“? indicating that
small headwater streams in the Upper Three Runs Creek basin may be important as feeding areas or
refuges for the fish community.

The floodplain swamp ecosystem bordering Upper Three Runs Creek probably plays an important rale
in stream functioning. Exports of organic material to the stream via litterfall and fluvial
transport support heterotrophic processes, thereby increasing stream secondary productivity, In
addition, the swamp litter layer seascnally supports Targe aquatic invertebrate populations that
may be faoraged by juvenile or small adult fish able to migrate into these waters during periods
of high water level. Finally, conditions in the swamp may modify various physical or chemical
conditions in the stream System, such as water velocity, nutrient concentrations, and sediment
loads, particularly during periods of high streamflow.

Four Mile Creek lies in a narrow, wooded, moderately sloped valley. The average flow upstream
of any plant discharge is less than 15 L/s and is increased by effluents from F- and H-areas and
natural drainage to about 550 L/s just above the confluence with C-reactor discharge, about

10 km downstream from alternative site A.1}% The natural stream channel downstream of its con-
fluence with C-reactor discharge canal has been scoured and widened considerably, and much of
the bordering vegetation has been eliminated as a result of the heated discharge from C-reactor.

Water quality characteristics of Four Mile Creek upstream of heated effluent discharge are
presented in Table 4,17. Four Mile Creek has higher pH {median 6.4), levels of total dissolved
5011ds (mean 60 mg/L), and concentrations of chloride, nitrate, sulfate, sodfum, and calcfum
than does Upper Three Runs Creek.

The flora and fauna of Four Mile Creek downstream of the cooling water discharge from C-reactor
are reduced, reflecting the overriding influence of large flows and high temperatures. Temper-
atures of sections of Four Mile Creek up to 3 km downstream of the thermal discharge regularly
exceed .50°C. Thermophilic bacteria and blue-green algae comprise the flora of these waters,
fitamentous green algae are abundant in cooler regions downstream where temperatures are commonly
30 to 37°C.22 An investigation during the early 1950s indicated that Four Mile Creek had a
diverse fish and presumably a diverse invertebrate fauna before therma) impacts were felt.39

Currently, however, aguatic invertebrate populations downstream from the thermal discharge ar~
very limited.

e
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With the exception of the mosquito fish, Gambugia affinis, which can tolerate temperatures up
to about 41°C, few fish occur in the thermally altered areas.?® [Quring reactor shutdown,
heated effluent ceases, the stream returns to ambient temperatures, and fish, particularly the
spotted sunfish, Lepomis punctatia, and the redbreast sunfish, Lepomis auritus, reinvade from
downstream areas. However, even in sections of Four Mile Creek upstream of heated effluent
discharge, the diversity and abundance of fish and, to some extent, aquatic invertebrates, are
reduced in comparison with Upper Three Runs Creek, probably as a result of the isolating
influence of the thermal effluent on recruitment downstream.33

Sun Bay, a carclina bay on the S-area site, was partially draimed and bulldozed in 1978, As a
result of this disturbance, Sun Bay has a shorter hydroperiod than most carolina bays of similar
size, and its central area is being colonized by weedy pioneer species in what appears to be

an early stage of old field succession.!? The tree, shrub, and herbaceous zones surrounding the
central area are still relatively intact. Compared with undisturbed carolina bays, drained Sun
Bay provides a somewhat reduced habitat for aquatic species and for those that use the open

water portion of the bay for mating, breeding, or as a nursery area (particularly amphibians).
The Tow abundance of vertebrate fauna in and around Sun Bay compared with that of an undisturbed
carolina bay has been attributed to lack of juvenile recruitment of amphibians at Sun Bay because
of the lack of water during the growing season. A recent SREL study has demonstrated the
imporEgnce of carolina bays to reptile, amphibian, and small mammal populations in the surrounding
area.

4.6.2.3 Rare or unigue biota

The South Carolina Wildlife and Marine Resources Department maintains a list of confirmed
sightings and collections of biota assigned as endangered, threatened, or of special statewide
or regional concern or unique aquatic species. Among the species listed, and occurring or
expected in the Savannah River Plant area {Table 4.18), only the American alligator Alligator
migsissipiensis is on the Federal 1ist of endangered species. Alligators have been observed in
Par Pond, Lower Three Runs Creek, Steel Creek, and in the swamp bordering the Savannah River.“!
It is estimated that approximately 100 adult alligators reside in Par Pond.“1:%2 Alligator
activity in Four Mile Creek is unlikely because of the thermal effluent. Upper Three Runs
Creek is generally unsuitable habitat upstream from Road F (Fig. 4.2) because of the swift
current and steep banks. However, 1limited alligator activity could occur in impounded portions
of the stream and areas downstream from Road A, particularly in oxbow lakes. No alligators
were observed in Upper Three Runs Creek by Murphy;“*l however, nests have been veported previously
near the creek.“*? The swamp bordering the Savannah River would appear to be suitable alligator
habitat because of its slow-moving water, deep sloughs, nesting areas, and abundant prey.

0f the aquatic plants listed as being of special concern (Table 4.18), the pink tickseed Coreopsis
rosea, Spathulate seedbox Ludwigia spathulata, little burhead Echimodorus parvulue, and green-
fringed orchid Habenaria lacera have been collected on the SRP site. Among the herpetiles, the
spotted turtle Clemmys guttata has been reported from Upper Three Runs Creek. The eastern
bird-voiced tree frog Hyla aquivoea is locally common, largely in the river swamp. The eastern
tiger salamander Ambystoma tigriman tigrinwn is found throughout the SRP area. he pi
barrens tree frog Hyla andersoni has not been reported at the SRP site.

na p
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Scientific name

Commaon Name

Occurrence in vicinity*

Status

Coreopsis rosea
Ludwigia spathulata
Echinodorus parvulus
Habenaria lacena
Utricwlaris olivacea
Utricularia floridana
My riophyiium laxum
Ptitimnium nodosum
Mavaca fluviatilis

Pelitandra sagittaefolia

Alligator mississippiensis
Clemmys guttata

Hvig andersoni

Ambystoms tigrinum tigrinum
Hyla avivoca ogechiensis

Macrophytes

Pink tickseed
Spathulate seedbox
Little burhead
Green.fringed orchid
Dwarf bladderwort
Fiorida bladderwort
Loose water.miifoil

Savannah bishop-weed

Stream bog-mass

White arrow-arm

Hurpetiles

American atligator

Spotted turtle

Pina barrens tree frog
Eastern tiger salamander
Eastern birg-voiced tree frog

>

Statewide concarn
{Threatened)
Statewide cancern
{Threatened)
Statewide conoern
{Threatened}
Statewide concern
{Threatenad)
Statewide concern
{Threatened)
Statewide concern
{Endangered}
National concern
{Threatenad)
Statewide concarn
|Endangered}
Of concern
{Unresolved)
Regional concern
{Threatened)
Regional concern
[Threatened)

Federal andangerad
Special concern in $,C.
Endangered in 5.C.
Special concern in 5.C.
Special concern in §.C.
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Source: Greeter, S, Endangesed species information for South Carolina. South Carolina Wildlife and Marine
Rasources Department, P.O, Box 167, Dutch Plaza, Building D, Columbia, South Carolina 20202,
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5. ENVIRONMENTAL IMPACTS FROM IMMOBILIZATION ALTERNATIVES

Potential impacts to the environment of the three alternative actions are described in this
section. Potential environmental effects for the reference immobilization alternative will

be used as the base for discussion. Potential environmental effects for the delay of reference
immobilization alternative and the staged process alternative will not be repeated unless they
differ from thase given for the reference immobiiization alterpative.

5.1 REFERENCE IMMOBILIZATION ALTERNATIVE
5.1.1 Construction

5.1.1.1 Land use and socioeconomic impacts{

For the reference immgbilization alternative, the number of construction workers required will
approach 5000, including 4200 craft and 800 management® and other workers.! Depending on the
schedule of the Vogtle Nuclear Power Plant, with a work force peaking in 1983 or 1985 (as;uming
a two-year delay for worst-case analysis), the number of potential in-movers® into the primary
jmpact area will range from 870 to 1450. The total expected population associated with these
in-movers will be within the range of 2100 to 3500.

The anticipated number of school-age children in the total in-mover population is expected to
range from 410 (see Table 5.1) if the peak work force at Vogtle occurs in 1983, to 700 (see
Table 5.2) if the peak work force at Vogtle occurs in 1985. Given a peak work force at Vogtle
in 1983, the projected 410 school-age children associated with the DWPF are not expected to
affect any of the primary impact area counties except Barnwell County, where enrollments in the
cities of Barnwell, Wiiliston, and Blackville may increase arcund 1.3%. If the peak work force
at Vogtle is delayed two years until 1985, the projected in-migrant 700 school-age children
associated with the DWPF may have a significant impact in the city of Barnwell, where a 2.6%
increase in school enrollment may occur; this conclusion is based on the assumption that one-
half of the in-movers to Barnwell County relocate in the city of Barnwell. Additionally, the
700 school-age children may have an impact on the school systems within Allendale and Bamberg
counties because in 1986 a shortfall in school capacity is expected to occur; however, the DWPF
contribution to this shortage is expected to constitute only 0.8%.

The total number of in-movers into the primary impact area is not anticipated to significantly
affect housing in the area except for those counties where a shortage in housing types and units
is projected to occur because of indigenous population growth. If Vogtle remains on schedule
and the peak work force at Vogtle occurs in 1983, the expected 2100 in-mover population attrib-
utable to DWPF peak construction in 1986 may increase the potential housing demand in Barnwell

County by 10%, adding to a preexisting shortage of multifamily homes and mobile home units.

If the peak construction period at Vogtlie is delayed until 1985, the expected 3500 in-movers
associated with the DWPF in 1986 will increase the demand in Barnwell County for multifamily
and mobile home units by 15%. Additionally, the 3500 in-movers for the DWPF may also add to
the already significant shortfall in housing in Allendale and Bamberg counties, but the DWPF
contribution to this shortage will be Tess than 0.5% of total demand.

*

Assessment conclusions in this section are based upon Sociceconomic Assegsment of Defense
Waste Processing Facility Impacts in the Savanngh River Plant Region by E. B. Peelle, J. H. Reed,
and R. H. Stephenson, ORNL/TM-7893 uniess otherwise noted.

TThe construction industry average of 16.5% overhead, and support staff for nuclear power
projects was used in calculating total work force for this project.l Hence, it is estimated
that 800 management and support workers will be required. Different estimates utilizing 8%
overhead and support staff were presented by du Pont construction department, as shown in Figs.

3.11 and 3.19. The higher estimates add conservatism to the socioeconomic impact assessment.

*Because of model and data limitations, "in-movers" as used here also includes some weekly
travelers as well as workers who move into the area. (Weekly travelers are those workers who
Tive near the work site during the week and travel home only on weekends.)
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Tabie 5.1. Sociceconomic impact an primary impact area from the construction of the reference immobilization afternative,
Vogtle on schedule: 1986 DWPF peak

Baselin Poputation Schools
Count oasTaltifm Work force® increase increase® Housing
ounty " oaugas Commoters®  In-migrants?  _{OWPR) DWPEE) demand-supply
No. (%} No. (%}
South Carolina
Aiken 115,650 425 1,040 (0.9) 198 0.8) Adequate
Allendale 11,550 25 60 (0.5} 13 0.5) Shortage in single family units.

OWPF demand <{0.1% of
total demand
Bamberg 19,275 25 55  (0.3) 11 0.3} Shortage in single family units.
DWPF demand < 0.1% of
total demand

Barowell 23,060 150 360 {1.B) 73 {1.3) Shortage in mabile home and
multi farmily units, DWPF
demand = 2%,
Georgia
Columbia 46,625 40 100 (0.2} 20 (0.2} Adequate
Richmond 193,250 00 490 0.3 96 10.3) Adequate
Total® ' 409,400 3,900 870 2,100 (A5} 411 10.4)

General Fmpacts'
Public services: Nop noticeable impact on police and fire services. Negligibie water and sewer demand increases,

Public finance: Moderate impacts. No DWPF property tax paid to local jurisdictions, Additional tax revenue from new worker
homes property tades, sales and use taxes mav not equal cost of services.

Economic base: Significant impact on area economic base from $66.8 million in direct salaries. Slightly fewer indirect and
induced jobs than for reference case with Vogtle delayed. Some inflation in local prices, in¢reases in local wage rates, and
rise in consumer demand,

Roads and traffic: Minor impacts off the site. Major onsite congestion may eccur during shitt changes,

Land use change: No noticeable impacts. Normal growth changes will overshadow DWPF effects,

HMistarical and archaeological; No impact. Five Barnwell historic sites may be disturbed by commercial and residential development.

 Lacal movers {250} nat included. Total overall = 5000.

# Entice increase assumed to oceur in one year. Peak in-migrant enro/iment is divided by total student enrol'ment.

€Jobs filled by existing residents. Individual County commuting totals are not given because (1) all will be existing residents whose
raad use in home areas is already felt, and {2) maximum traffic impacts as workers ¢onverge on the roads near the SRP were found not
to affect levals of service significantly.

“Some weekly traveters included. Most are local mover category.

?Numbers may reflect rounding errors,

f':mpacts apply ta all counties in primary impact area.

Only minor impacts on fire and police services (up to a maximum of three additional police
officers and seven additional fire personne) per county) will occur despite the peak construc-
tion period at VYogtle occurring in 1983 or 1985. The in-movers associated with the DWPF are

expected to have negligible impact on the demand for water and sewage services in relation to
the overall demand.

The DWPF construction work force will contribute to the lgcal economy of the area directly
through the payment of income and property taxes, licenses, and user fees and indirectly through
the purchase of goods and services in the local area. To the contributions of the construction
work force, particularly those who are in-movers, will also be added the direct purchase of
goods and sevvices within the area for the actual construction of the DWPF. The eccnomic bene-
fits accruing to the primary impact area will be offset by increased local gavernmental costs
for additional services to the in-mover population. Local government costs may not be fully
offset by higher tax revenues.

Land use changes are expected to be minor, especially in relation to the numerous land use
changes expected from normal growth and development in the area independent of the DWPF.
Construction of the DWPF will not entail the acquisition by the Federal government of any
additiona) property.
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Table 5.2. Socioeconomic impact on primary impact area of reference immobilization alternative with Vogtle
defayed — construction 1985 Vogtle peak, 1986 DWPF peak {maximum impact case}

Population Schoals®
¢ Population Work torce® increase increase Housing:
ounty 1086 Commuters® In-migrant? {DWPF} {DWPF) demand-supply
No. (%) No. (%)
South Carolina :
Aiken 115,600 630 1,530 (1.3) 300 (1.2 Slight shortage in multifamily
and mobite homes
Allendale 11,550 45 110 (1.0 23 {<0.8) Shartage in singte-family units;

DWPF demand, <{0.5% of
total demand
Bamberg 19,275 45 10 (0.6) 21 (<0.5) Shortage in single-family units;
DWPF demand, <0.5% of
total demand

Barnwell 23,050 290 590 (3.0} 140 {2.6} Shortage in mobile homes
DWPF demand = 10 + % of
Georgia total
Columbia 46,625 70 165 10.3) 33 (<0.3) Adequate
Richmond 193,250 375 900 (0.5) 179 {<0.5) Adequate
Total® 408,400 3,350 1,450 3,500 (0.9} 696 <0.8)

General impacts’

Public services: Minor impacts on pelice and fire services, Negligible impacts on water and sewer services because of current excess
capacity.

Public finance: Moderate impacts. No DWPF property tax paid to local governments. Additional tax revenue from new property tax and -
sales and use taxes may not equal cost of services,

Economic base: Significant impact from $66 million worker salaries and additional indirect and induced salaries. Some inflation in local
prices, increase in local wage rates and strong consumer demand.

Roadls and traffic: Minor impacts offsite. Major onsite congestion may be created at shift changes.

Land use change: Minor impacts. Normal growth | overshadows DWPF impacts except for possible mabile home increases in Aiken and
Barnwell counties,

Historical and archaeological: No impact expected. Five Barnwell National Histaric Register sites may be affected by ancillary residential
and commercial development.

2 Locat movers (200} not included. Total workforce = 5000. .

Y Entire increase assumed to accur in one year. Percentage is calculated by dividing peak enroliment by total student enroliment.

€ Jobs filled by local residents. individual county commuter totals are not given because (1) all will be existing residents whose road use in
home areas is already felt, and (2} maximum traffic impacts as workers converge an the roads near the SRP were found not to affect levels of
service significantly. '

“Some weekly travelers included in both in-migrant and local mover categories.

?Discrepancies may occur as a resuft of rounding,

flmpacts apply to all counties in primary impact area.

No direct impacts from the DWPF on area historical or archaeological sites are expected,
although the five sites in Barnwell Visted in the National Register of Historic Places could
be disturbed by ancillary commercial and residential development in the area.

additional traffic increases can be expected on roads leading to SRP, particularly from Aiken,
Augusta, and Barnwell, because of increases in construction worker commuting. These major roads
are multilane highways; so normal traffic congestion during periods of construction worker com-
muting is not anticipated to reduce highway capacity below an acceptable level of service
(Appendix E.9).

The most significant economic impact is on the regional economic base because about 3500 jobs
are filled by existing residents and about 15,000 indirect and induced jobs, based on national 1qp
jnput/output multipliers, might be created in response to the payroll of $66 million in th peak]
year. These jobs will create additional consumer demand throughout the area and, in turn, create
some increase in local prices and local wage rates during the peak period. These effects are
intensified by the simultaneous construction of Vogtle and the DWPF.

anal
ona
e
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5.1.1.2 HNonradiological impacts

Construction safety

Construction of the DWPF is expected to be the responsibility of E. I. du Pant de Memours &
Company, DOt's prime contractor for operation of the SRP. During construction of the original
SRP, the construction forces reached a maximum of about 35,000 workers, and the organization
established world records for construction safety. In 1980, Du Pont Construction at SRP
achieved eleven million man-hours of work without a Tost-time injury. For that year, the
accident rate for Dy Pont Construction forces at SRP was 0.10 lost-time injuries per 200,000
exposure house, the normal units of the Nationa) Safety Council (NSC). This rate is almost
forty-fold better than the 1980 NSC average of 3.89 for the construction industry overall.
Figure 3.4 indicates that about 13,500 man-years of construction work is required to build
the proposed DWPF. This estimate corresponds to about 13-14 lost-time injuries for the DWPF
construction project at the 1980 rate, versus 500 for the project at the construction industry
average rate.

Terrestrial ecology

The DWPF will require approximately 60 ha of land to be committed for the 1ife of the project
and an additional 40 ha to be altered by construction activity. Up to an additional 40 ha may
receive some construction impact. <Construction of the DWPF in S-area would result in the loss
of approximately 3 ha of bottomland hardwood forest, 7 ha of turkey oak forest, and Sun Bay (a
previously disturbed caroiina bay). The remaining area to be 1ost now consists of forests of
loblolly, slash, or longleaf pine.

Construction of the DWPF will result in the death or dislocation of some-wildlife and reduce
habitat availability. In S-area, Sun Bay (one of about 200 carolina bays on the SRP site} is a
Tocally important reproductive habitat {Sect. 4.6.1) that supports a much larger, but undefined,
area, which is characteristic of all carolina bays. The loss of Sun Bay would have an impact on
the Tocal amphibian and aquatic reptile population.

No Federally protected endangered or threatened species would be affected by construction in
S-area (Sect. 4.6.1). Three plant species identified by state experts as needing protection
would be affected by construction in this area, howaever. A local population of the creeping
water-plantain Echinodorus parvulus and the spathulate seedbox. Ludwigia spathulata would be
destroyed along with Sun Bay. The potential terrestrial ecological impacts of construction at
the S-area include removal of hardwood forest and the Toss of Sun Bay as a breeding area for
upland species.

A 15-ha 200-7 site has been propased for burial of salt adjacent to Road F immediately north of
S-area. The entire area is forested in pine, approximately 20% Toblolly, 27% langleaf, and 53%
slash pine. No terrestial ecological constraints to salt burial at the preferred site have been
identified. The vegetation types are abundant on the SRP, are not considered high-quality
wildlife habitat, and contain no identified rare or endangered species,

Nonradiological emissions expected to result from construction of the DWPF will be similar to
those for construction of any industrial facility of comparable size. These would result pri-
marily from construction equipment, truck traffic, and site disturbance and consist of small
quantities of carbon monoxide and hydrocarbons from engine exhausts as well as suspended partic-
ulates or dust from ground surface disturbance. Dust can be controlled during hot dry weather
by wetting the ground surfaces.

Agquatic ecology

Aguatic ecosystems in the vicinity of the proposed DWPF site will be affected by construction of
the (1) main facilities; (2) railroad spur; (3) ash basin; (4) various power, communication, and
interarea transfer lines; (5) access roads; and (6) saltcrete burial site. Principal potential
impacts associated with these construction activities are {1) increased erosion and subsequent
stream siltation, (2} water chemistry changes and increased flow in streams receiving groundwater
during dewatering of excavated areas, and ?3) disturbance or destruction of a carolina bay on
the construction sites (see Sect. 6 for regulations governing wetlands and Appendix N for an
overview of the carolina bay as a wetland). The severity of these impacts depends upon the
construction practices used and mitigating measures employed.

Whenever land is denuded of vegetation, a potential for greatly increased rates of erosion
exists and, as a result, increased siltation can occur in streams draining the disturbed site.
Some of the factors that determine the extent of increased stream siltation resulting from

construction activities are the proximity of these activities to streams, land siope, soil type,
and rainfall.
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The adverse effects of siltation on aquatic organisms and their habitat are well documented.
Increased siltation will reduce primary productivity, reduce populations of benthic inverte-
brates, and eliminate some fish spawning and feeding habit downstream.2-1!

The adverse impact of increases in suspended sediment concentration on Upper Three Runs Creek
could be severe although temporary unless mitigated as discussed below because its biota are
adapted to the low sediment loads of this relatively undisturbed southeastern blackwater stream.
In addition, construction could significantly modify the valley and channel of a small permanent
tributary of Upper Three Runs Creek at the east end of the site, increasing the potential for
siitation probiems in both streams, Increases in suspended sediment concentration in Upper
Three Runs Creek or its tributaries could result in reduced primary and secondary productivity
and reduction in their value as spawning and nursery areas for fish. Mitigating measures would
reduce the adverse impacts mentioned. Construction of the burial site (200-2) will involve
denudation of approximately 15 ha and will cause some erosion and subsequent siltation of
streams draining the site. The effects of siltation will be much less for this facility
compared with the S-area construction.

Most adverse impacts from increased siltation in streams are temporary, and bicta quickly
recolonize after the disturbance has ceased.® The adverse impacts from construction on Upper
Three Runs Creek and its tributaries may be significant but will be largely Timited to the
period of construction and a few years thereafter {a total of from five to eight years). Other
major construction has occurred in the iUpper Three Runs Creek basin in the past {SRF facilities
at F- and H-areas), and the stream has recovered. However, because Upper Three Runs Creek 1s
the only stream at the SRP that does not have major disturbances, its degradation during con-
struction activities could adversely affect the fish community to a greater degree than degra-
dation of one of the other 3RP streams.

Excavation for the main process buildings will require local dewatering of the Barnwell Formation
and pumping to lower the piezometric head in the McBean Formation (Sect. 4.5.2). Dewatering )
will be conducted at a rate of 12 to 65 L/s and will extend over a 12- to 14-month period. The
water will be discharged to the small unnamed tributary to Upper Three Runs Creek east of 5-area,
increasing i1ts flow by 5 to 29%. The dewatering volume would range from 0.2 to 1.2% of the
average flow of Upper Three Runs Creek in this area. Water from the Barnwell Formation typically
has a pH of less than 6, calcium concentration of Tess than 6 mg/L, and total dissolved solids

of less than 30 mg/L (Appendix G, Table G.2}. The McBean Formation has two distinct subunits,

an upper Eocene sand with water quality characteristics similar to the Barnwell Formation and a
lower Eocene limestone with a pH of about 7, calcium concentration of 11 to 14 mg/L. and total
dissolved solids of 50 to 70 mg/L. Water quality of the unnamed tributary draining S-area to
which dewatering volumes will be released is similar to the groundwater of the Barnwell and

upper McBean formations but is lower in pH, calcium concentration, and total dissolved solids
than the calcareous portion of the McBean Formation. Considering the relative volumes of water
involved and the similarity of water quality in the unnamed tributary and in groundwater, impacts
on the aquatic biota of this tributary as a result of dewatering discharge will be negligible
during the early dewatering period. As the lower portions of the McBean Formation are dewatered,
probable increases in caleium concentration of about 2 mg/L and increases in total dissclved
solids of about 10 to 15 mg/L in the receiving tributary probably will have no effect on aquatic
biota. Because a further dilution of about 100 fimes occurs at the confluence with Upper Three
Runs Creek, effects on the latter stream will be negligible as well.

Impacts on Upper Three Runs Creek resulting from DWPF construction would be reduced by the use
of construction practices that minimize site erosion and stream siltation, such as careful
contouring, use of sediment fences, routing of storm runoff water to temporary holding basins,
maintenance of natural buffer strips along stream channels, and quickly revegetating barren
land. Construction of the DWPF at S-area will result in the destruction of a carolina bay
{Sun Bay, Appendix N).

Monitoring

Aquatic impacts in the Upper Three Runs Creek during construction and for some period afterward
could be significant. Consequently, studies designed to monitor water quality and biota, par-
ticularly benthic organisms, will be initiated.

To comply with wetland protection regulations and to determine the ecalogical impacts of elimi-
nating Sun Bay (one of about 200 on the SRP site), DOE has requested SREL to conduct comprehensive
ecological studies at Sun Bay and another similar wetland — Rainbow Bay {(as baseline for compari-
son).12 The studies were initiated in the spring of 1979, and they will continue through construc-
tion and, if necessary, three to four years into operations, to determine the ecoiogical impacts

of constructing the proposed DWPF at the S-area. Reports will be published annually to document
the study results,
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Mitigation

An erosion and sediment control plan will be formuTated to mitigate potential impacts from the
construction and operations phases of the facility. Control methods will consist of two basic
types, namely, stabilization and retention of materials in place and entrapment of transported
materials prior to discharge off the site. In situ erasion control methods will consist of gne
or more of the following: (1) vegetative cover; {2} mulches, including stone, wood chips,

fiber, straw or other.suitable materials; (3) tackifiers, including asphalt emulsions or chemical
stahilizers; (4) netting, anchors, riprap or similar physical restraints; and (5) controlled
surface fiow by interceptor or diversion ditches, check dams or similar structures. Entrapment
of transported materials can be accomplished by the use of sediment basins, filters, flocculents

or similar measures.

001 1 00 [ o R
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Because the proposed site for the DWPF is within and part of the DOE-owned SRP, the onsite
construction personnel will encounter slightly elevated background levels of radiation produced
by the normal operation of the plant facilities. The incremental external gamma dose rates
measured at the proposed constructign site averaged Q.23 wR/24 h. Assuming the construction
worker spends 2000 hours in the area (40 h/week for 50 weeks per year) the annual dose to the
worker is estimated to be 20 millirems. The dose commitment from the inhalation of radionuclides
released to the atmosphere from existing SRP operating facilities is estimated to be 0.4 millirem/
year, Resuspension of previously deposited radionuclides is not a significant exposure pathway
as determined by radiological surveys. All doses are well helow the standards established by

DOE for uncontrolled areas (500 millirems per year);!? thus, no routine monitoring of construc-
tion workers will be required.

Should construction activity involve existing SRP facilities, such as making connection to
existing contaminated piping, the procedure and personnel will be appropriately manitored not
only to prectude any exposure to personnel above existing standards for working in controlled
areasl? but also to maintain exposure levels to as low as reasonably achievable,

5.1.2 Qperation

5.1.2.1 Land use and socioeconomic impacts

Because the number of operation workers is so much smaller than the construction force, the
impact of operation on surrounding areas is expected to be barely noticeable. About 350 of the
700 operation workers will be local residents; so population and school enrollment increases are
expected to be minimal. These numbers, when distributed throughout the impact area,* are not
considered significant for public services or other factors. Some economic turndown can be
anticipated when construction ends and operation begins. Salaries of the direct workers amount
to 321 million and will sustain only some (about 2900) of the potential 15,000 indirect and induced
Jobs created during the construction period. This decline in employment will have some impacts
on Tocal commercial receipts if excess expansion of local economies has occurred. However, the
decline in employment would have occurred earlfer, after the completion of the Vogtle project,
had OWPF not been built. Thus, operation of the DWPF represents a net gain of 700 permanent
jobs to the area.

5.1.2.2 MNonradiological impacts

Terrestrial ecology

The major impacts to terrestrial ecosystems would occur during the construction phase (Sect.
5.1:1.2) when the plant site will be converted from nhatural vegetation or pine plantation into
an industrial complex - The operational impacts discussed herein are less severe,

[
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ant [~40 MH{t)] will burn § coal. The plant will be equipped wi
i

+

. . ] L3
both electrostatic precipitators and scrubbers to ensure that all atmospheric emissions from
burning coal will be within regulated limits. Estimated releases are shown in Table 5.3.
Approximately 6.0 x 10% kg/year of ash will be generated from the burning of coal, including the
particulates retained by the electrostatic precipitators. Ash will be sluiced to ash basins,
which have been designed for eight years' service. Assuming that the DWPF will operate for
28 years, additional ash disposal capacity will be required,

*
Unlike the construction work force, operational workers are expected to distribute them-
selves throughout the six counties in the same pattern as do current permanent workers at SRP.
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Table 5.3. Estimated ralease of nonradioactive pollutants from the powerhouse to the atmosphere

S.C.
S.C. air Estimated Annual average
Material Ermission rate® Emission rate emission annual average ambient
tkg/h) {Ib/106 Bru) standards cancentration air
at site boundary N
{Ib/10% Btu) (g/m?) quality standards
om (ug/m?)
Particulates 23 0.04 g. 0.005 75
Sulfur oxides, SO, 20 0.32 35 0.05 60
Carban monoxide, CO 2.7 b b 0.007 80
Organics as methane 2.7 b b 0.007 c
Nitrogen oxides, NO, 41 b b 0.1 100
Aldehydes 0.01 b b 0.00003 [4
Carban dioxide, CO, 17,000 b b 44,

ZFrom the combustion of 5,300 kg/h of coal.

#No emission standards for coal-fired power piants.
No air quality standards.

Source: EID, Section 3.

Condenser cooling and air conditioning will be accomplished by mechanical-draft cooling towers.
Makeup water will come from the Tuscaloosa aquifer (less than 20% of existing SRP usage) and
will be of high quality. SRP usage of Tuscaloosa water has no observable impact on the aquifer.
Water circulation will be 1.9 m3/s with a drift rate of 9.5 x 10-* m3/s. The 0.05% drift rate
is well above current state of the art for cooling towers, but the high quality of the circu-
lating water {~112 ppm TDS) is not 1ikely to lead to ecological damage.

Chemical wastes that have the potential for degradation of the terrestrial environment will
arise from equipment wash down, coal pile runoff, ash basin effluent, and spills. These Tiquids
are to be directed to a chemical wastewater treatment facility and ultimately discharged to Four
Mile Creek. Dried sludge will be disposed of in existing landfills. Nothing should escape into
natural surroundings before it is treated, and no negative impact on terrestrial systems should
result.

Sewage will be treated in a package sewage treatment plant. Treated sewage effluent from the
proposed DWPF will be disposed of by means of a spray field sized to avoid soil saturation and
runoff. Two potential problems are associated with on-land disposal: . (1) it is possible to
maintain a saturated soil if the irrigation rate is too high, and {2) the nutrient ions in the
effluent can saturate the exchange sites in the soil column. Saturated soils become depleted
of oxygen and cannot support the kinds of upland vegetation found in the SRP. Once saturated,
added nutrients are no Tonger scavenged from the sewage effluent and are free to pass into
groundwater. Both effects can be mitigated by proper sizing of the spray field and by harvest-
ing the vegetation.

Nonradigactive solid wastes, generated at the rate of 340 m3/year, will be disposed of in an
existing landfill on the SRP. No significant increase in landfill area will be required to
accommodate the waste load.

Atmospheric emissions will come from the power plant discussed previously, diesel generators,
and from process gaseous releases. Gaseous releases from DWPF process operations are expected

to be 7.7 kg/h CO,, 450 g/h NOx, and 23 g/h NH;. These releases are small and are not expected
+n hava advavea anviranmantal imnarctc
O Nave aoverst envirghmentas Tpalis.

fmergency power will be supplied by diesel-powered generators. Testing of generators will
consume 18 m? of diesel fuel annually, less than that used by one truck hauling commercial
freight. Atmospheric emissions are expected to be proportional to fuel use.

Aguatic ecology

Principal impacts on aquatic ecosystems resulting from operation of the DWPF are wastewater and
stormwater discharges to nearby streams., Effluents from industrial wastewater treatment facil-
ities will be piped and discharged to Four Mile Creek. Stormwater will be collected and dis-

Py My | - [ N e ~ 1
charged to tributaries of Upper Three Runs Creek.
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Sources and average flow rates of nonradigactive wastewater to the industrial waste treatment
facility are listed in Table 3.8 and discussed in Sect. 3.1.6.4. Because of the variety of

. sources, the chemical concentrations of the blended wastewater will be variable. Because 95% of

the wastewater flow will be effluent from the ash basin, comparison with ash basin effluents

from other SRP facilities with coal-fired power plants will provide a reasonable estimate of
wastewater quality before treatment. Water quality of ash basin effluents from F-area, H-area,
and P-area are listed and compared with water quality criteria in Table 5.4. Inspection of this
data indicates that at some times pH, chromium, iron, and zinc in the ash basin effluent exceed
water quality criteria. Dvorak et al, have indicated that barium, boron, chromium, mercury, and
selenium concentrations in Jeachates from the ash generated in coal combustion can exceed U.S.
Environmental Protection Agency drinking water standards and are of particular concern,l®
Although barium and baron concentrations were not measured {Table 5.4), among chromium, mercury,
and aluminum, only chromium concentrations appear to be high in SRP ash basin effluents. The
affluent from the industrial waste treatment facility will be treated to comply with applicable
NPDES permit requirements.

Table 5.4. Concentration of various parameters in ash basin effluents
from thres facilities on the SRP site and comparison with water quality criteria

[ o W P P pyappp P Demtontinm ~F
Parameter F-area | H-area P-area - 's‘tl;:(li:r:!:m fr;s'r:’v:;::rv;i;; o

Flow, L/s <1..35 <1-22 <1-18
pH, range 4.1-15 4.8~76 65-79 © 6.56-85
Suspended solids, mg/L 2-7 1-10 3-27
Arsenic, ug/L <10 <10-18 <10 50 500-1000%
Cadmium, pg/L <10 <10 <10 10 D.4-12
Chromium, ug/L <10-60  <10-10 <10-15 50 100
Copper, ug/L <10--4D <10-40 <1014 1000 60-100"
Iron, pg/L 60~250 80-600 125-8000 300 1000
fead, ug/L <10 <10 <10 50 30-100"
Mercury, ug/L <0.2 <0.2 <0.2 2 0.05
Nickel, ug/L <10-55 <1026 < 10-55 100
Setenium, po/L <10 <10 <10 10
Zing, pg/L <15~117 <1040 <10-32 5000 101007

¥Data from U.S. Environmental Protection Agency, Quality Criteria for Water,
EPA-440/9-76-023, July 1976.

B owest range of values that have been shown to have an adverse effect on various aguatic
organisms in low alkalinity waters similar to those at SRP {from U.S. Environmentai Protection
Agency, Quality Criteria for Water, EPA-440/9-76-023, July 1976},

Source: NPDES Discharge Monitoring Reports covering periods from Apr. 1, 1880 to Sept. 1,
1280, Permit Number SC 0000175 o E.l. du Pont de Nemours and Compeny for aperations at the
SAP site.
Eff'!l_nents fr'Oﬂ"- the ‘industr‘] a1' aﬁd San';tai'" time gk dankndmomnd Lonitdhfon w0ilT b i g e d
. ¥ WOLLEWILEY wTEalumtne 14Ci1ILieEy will DE pumpeu 4anda
discharged to Four Mile Creek. Average discharge from the industrial wastewater treatment

facility will be approximately 0.7% of average stream flow, or 2.5% of minimum daily flow, in
Four Mile Creek just upstream of the confluence with C reactor heated effluent. Thus, average
stream flow will dilute wastewater effluents from DWPF operation to Four Mile Creek by about

100 times, and minimum flow will provide about 40-fold dilution. Impacts on water quality and
aquatic biota of four Mile Creek as & result of this additional wastewater discharge from DWPF
facilities will be negligible, Four Mile Creek already receives large volumes of industrial and
sanitary wastewa;er (Table 4.16), which amount to more than 20 times the projected effluents
from DWPF operations, and its water quality and biota are degraded (Sect. 4.6.2).

Discharge of stormwater collected from the DWPF site during operation will have no significant
impact on Four Mile Creek and at most only minor impact on Upper Three Runs Creek. Upper Three
Runs Creek currently receives stormwater drainage from part of A-, F-, H-, and M-areas via

tributaries.

There will be negligible impact on aguatic ecosystems as a result of operation of salt disposal
facilities at the proposed 200-Z area (Sect. 5.4).
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Monitoring!?

Operational impacts to terrestrial and aquatic systems were assessed to be of 1ittle probable
consequence. As discussed in Sect. 5.1.1.2, the aquatic monitoring programs for Upper Three
Runs Creek will continue for several years if significant construction impacts are observed.
Other monitoring will be carried out as necessary and to provide verification that all require-
ments are met for permits and certification. If unexpected operational impacts are found,
appropriate mitigation measures will be taken.

5.1.2.3 PRadiological impacts

The radiological impacts of the DWPF are assessed by estimating the dose commitments to indi-
viduals and populations which may result from exposure to the radionuclides expected to be
released during normal operations. The concentrations of radionuclides in the air and on the
soil surface at various distances and directions from the plant or in the water around the plant
are used to estimate the doses.

The potential pathways for radiation exposure to man from radionuclides released from a nuclear
facility are represented schematically in Fig. 5.1. External doses result from immersion fin
contaminated air, submersion in contaminated water, and exposure to contaminated ground surfaces.
Internal doses result from the inhaiation of contaminated air and the ingestion of contaminated
food and water,

Where site-specific information is not available, conservative assumptions (which tend to maxi-
mize the dose) are used; for example, in calculating doses from atmospheric releases, the indi-
vidual 1s assumed to be exposed to contaminated air and ground surfaces for 100% of the time
with no shielding. Further, a1l food consumed is assumed to be grown at the location of the
dose calculation. For doses from 1iquid releases, all drinking water and fish are assumed to be °
obtained from local rivers and streams.

Radioactive materials introduced into the body by inhalation or ingestion pathways (internal
exposure) continue to irradiate the body until they are removed by metabolism or radicactive
decay. Thus, the dose calculated for an individual for one year of radionuclide intake repre-
sents the total dose he will receive as a result of that one year's intake integrated over the
next 50 years {his remaining lifetime)}, that is, a 50-year dose commitment. In this report, all
internal doses are given as 50-year dose commitments. The methodology and assumptions for
estimating doses to man from airborne and aqueocus releases are presented in Appendix J.

Maximum individual dose commitment from airborne effluents

The maximum doses to the individual (living at the nearest plant boundary in the prevailing wind
direction) are shown in Tables 5.5 and 5.6 for the processing of 5-year-old waste and 15-year-
old waste, respectively, at each of the three processing facilities. To account for differences
in eating patterns, 1ife span, etc., doses are calculated for an infant, child, teenager, and
adult when considering maximum dose commitments. During the processing of 5-year-old waste, the
highest total-body dose (0.0083 millirem per year of operation) is to the "child" and primarily
results from the Canyon operation (99%); the major contributing radionuclide (see Table 5.7)

is strontium-90 (87.2%) via the ingestion pathway. The highest organ dose (0.18 millirem per
year of operation) is to the thyroid of the "adult,” primarily from the jodine-129 (97.7% of the
dose) released from the Canyon exhaust stack.

The doses resulting from processing 15-year-old waste are listed in Table 5.6. The highest
total-body dose {0.0062 millirem per year of operation) is about 75% of the highest dose from
processing 5-year-old waste because of the decay of the shorter half-life radionuclides (see
Tables 0.10 and 0.11). The thyroid dose remained essentially unchanged from one waste decay
period to the other because of the long half-life of jodine-129. The contribution of major
radionuclides to dose is presented in Table 5.8.

The total body and organ doses of the maximally exposed individual resulting from the processing
of both types of waste are only a small fraction of the applicable limits established by the
Department of Energy regulations (500 millirems per year to the total body, gonads, and bone
marrow and 1500 millirems per year to the other organs).!l?

Additionally, the total body dose to the maximally exposed individual from the routine airborne
releases of the DWPF (0.0083 millirem per year of operation) is only 0.007% of the normal back-
ground radiation to area residents of 117 millirems per year. Thus, the maximum doses to the
individual represent only a very small increase in the radiation dose above background.
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Table 5.5. Maximum 5Q-year dose commitment to the individual® from routine
annual airborne reteases from the DWPF — 5-year-otd waste

Dose commitment” {millirem)

Facility Total body Bone Thyroid Lungs Kidneys
Infant
Canyon operation 1.4E-F 4.0E-3 1.1E-1 1.6E-3 1.5E-3
Regulated chemical facitity 4.1E-5 4,1E-5 4.1E-5 4.1E-5 4.1E-5
Saltcrete plant 7.9E-5 7.8E.5 7 9E-5 7.9E-5 7.9€E.5
Total 1.5€-3 4,1E-3 1.1E1 1.6E-3 1.6E-3
Child
Canyon operation 8.2E-3 31E-2 i.3E-1 B.4E-3 9.6E-3
Regulated chemical facility 4.4E-5 4.4E-5 4 4E-5 4 4E-5 4 4E-5
Saltcrete piant 8.5E-5 8.5E:5 8.5E-5 8.5E-5 8.5E-5
Total 8.3E-3 3.tE-2 1.3E-1 B.5E-3 9.7E-3
Teen
Canyon operation 5.2E-3 1.9€.2 14E1 5.3€-3 5.89E-3
Regulated chemical facility 4 5E-5 4.5E-5 4 5E-5 4.5E-5 4.5E-5
Saltcrete plant 8.6E-5 8.6E-5 8.6E-5 B.7E-5 & 7E-5
Total 5.3E-3 1.9E-2 1.4E-1 5.4E-3 6.0E-3
Adult
Canyon operation 4.4E-3 1.5E-2 1.8E-1 4.3E-3 4.6E-3
Regufated chemical facility 4 4E-5 4.86E-5 44E-5 4 4E.5 4.4E-5
Saitcrete plant 8.6E-5 8.6E-5 8.6E-5 8.6E-5 B.6E-5
Totai 4.5E-3 1.5E-2 1.8E1 4.4€.3 4.7E-3

?Maximally exposed individual is assumed to be at the nearest boundary approximately
10.5 km downwind from the plant effluent,

8per year of operation.

Read as 1.4 X 1077

Population dose commitments from airborne effluents

As described in Appendix J, all population doses are 100-year environmental dose commitments
(EDC). Appendix J-3 presents a detailed discussion of the EDC concept. The 100-year EDC repre-
sents an accounting of population doses caused by exposure to and injestion of environmentally
available radionuclides for 100 years following a one-year release of radiocactivity.

Population dose to the regional population (within an 80-km radius of the DWPF)

The 100-year environmental dose commitments (EDC) for various age groups of the projected popu-
lation for 1990 (reference-case facility} during the processing of 5-year-old waste and 15-year-
old waste are listed in Table 5.9. The dose commitment for the total body frem exposure to the
airborne effluents of processing 5-year-old waste is 0.38 man-rem; the comparable dose from
processing 15-year-old waste is 0.25 man-rem, or about 66% of dose from the S-year-o0ld waste.
The highest organ dose — 11.0 man-rems to the thyroid — results primarily from the ingestion of
jodine-129. Since 291 has a long half-life, the dose is not significantly different for the
5-year-aged and 15-year-aged wastes.

The adult population makes up about 68% of the total 1990 population; thus, the population dose
to this age group contributes about 60% of the collective population dose to the total body and
about 70% of the total thyroid dose.

The annual total-body dose from natural background radiation within the 80-km radius of the DWPF
is estimated to be 7.1 x 10* man-rems {assuming an average background dose rate of 117 millirems/
year). The highest total-body dose of 0.38 man-rem is only 0.0005% of the background dose;

thus, the population environmental dose commitments resulting from normal operations of the DWPF
represent only very small increases in the population dose above background.
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Table 5.6. Maximum 50-year dose commitment to the individual® from routine annual
airborng relsases Srom the DWPF — 15-year-old waste

Dose commitment {millirem)

Facility Total body Bone Thyroid Lungs Kidneys
Infant
Canyon operation 8.9E-4° 2.8E-3 1.1E-1 B8.7E-4 9.9€.4
Regulated chemnical facility 2.3E-§ 2.3E-5 2.3E-5 2.3E-5 2.3E.5
Salterete piant 4 5E-§ 46E5 4.5E-5 45E5 4 %E.5
Total 9.6E-4 2.9€E-3 1.1E-1 9.4E-4 t.1E4
Child
Canyon operation 6.1E.3 2.3€-2 1.3E41 6.1E-3 6.3E-3
Regulated chemical facility 2.5E.5 2.5E-5 2.5E-5 2.5E-5 25E-5
Saltcrete plant 4.8E-5 4.8E-5 4 8E-5 4 8E-6 4.8E.5
Total 6.2E-3 2.3E-2 1.3E-1 6.2E-3 6.4E-3
Teen
Canyon operation 3.BE.3 14E-2 1.3€-1 3.7€-3 38E3
Regulated chemical facility 25E-5 2.5E-5 2.5E-5 2.5E-5 2.5€-5
Saltcrete plant 49E.5 4.9E.5 4.9E-5 49E-5 4.9E-5
Total 3.9€-3 1.4E-2 1.3€1 3.8E-3 39€-2
Adult
Canyon operation 3.26-3 1.2E-2 1.8E-1 3.1E-3 3.0E-3
Regulated chemical facility 2.5E-5 2.5E-5 2.5E-5 2.5E-5 2.5€-5
Saltcrete plant 4,955 4.9E.5 4 9E-5 4.9E-5 4.9E.5
Total 3.3E-3 1.2E-2 1.8E-1 3.2E-3 3.1E.3

¥ Maximally axposed individual is assumed 1o be at the nearest boundary approximately
10.5 krn downwind from the plant effluent.

b per year of operation,
“Read as 8.9 X 1074,

Tabls 5.7. Contribution to dose by major radionuclides relsased in the

sirborna efflugmts of the canyon exhaust stack — 5-year-old waste

Age Radionuclide Percent of dose

group Total body Bone Thyroid Lungs Kidneys

Infant H 15 0.54 0.02 14 1.1
$9gr 41.0 66.2 0.62 43.1 44.5
lesay 241 10.7 0.26 318 20.1
129} 13.1 8.9 98.9 10,0 15.7
137¢s 13.5 12.31 .14 125 16.0

Chitd ’H 0.74 0.20 0.05 0.73 0.64
205, 87.2 008 5.4 859 74.7
106 gy 5.8 4.4 0.30 78 16.7
129 28 14 940 24 a7
1376 32 29 0.17 28 3.8

Teen 3H 12 0.33 0.05 1.2 1.1
gy 80.2 90.6 31 79.0 715
gy 7.5 a4 0.24 1.8 18.2
129y 47 1.4 96.4 4.0 3.9
1370 5.8 2.7 0.20 39 4.8

Aduly N 1.4 0.42 0.04 1.7 1.4
Stgy 749 90.2 1.9 76.5 s
106py 85 45 0.18 114 16.9
129) 6.5 1.4 97.7 5.9 35
1370 7.8 2.7 017 4.4 5.3
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Table 5.8. Contribution to doss by major radionuciides releasad in the
sirborne stflusnts of the canyon exhaust stack — 15-year-old waste

. Percent of dose
?og: Radionuc!ide
group Total body Bone Thyroid Lungs Kidneys
Infant . H 36 1.1 0.03 as 33
9ogr 58.3 72,0 0.49 60.1 52.9
194y 0.04 0.02 0.00 0.06 0.03
129) 209 12.4 99.4 17.9 23.7
13765 17.0 136 0.12 17.7 19.3
Child *H 0.57 0.18 0.03 0.58 0.55
205 82.1 94.6 4.3 92.8 89.0
tospy 0.01 0.01 0.0 0.01 0.03
129y 3.8 1.9 95.5 34 5.7
1376 3.5 3.0 0.14 3.1 4.6
Teen H 0.93 0.25 0.03 0.96 0.94
sogy 86.2 94.5 24 88.6 86.3
106y, 0.0 0.0 0.0 0.02 0.03
129 6.4 1.8 97.4 " 57 6.1
1370 6.4 28 0.16 - 45 6.0
Adult *H 1.1 0.31 002 1.2 1.2
Stgr 81.1 94.2 15 85.3 86.0
1060y 0.01 om 0.0 0.02 0.03
128 8.0 1.8 884 8.4 6.0
137¢s 6 2.9 0.14 4.9 6.4
9
Tabie 5.9, One.hundred-year eanvironmental dose commitments® for 1990
projected population” from routine airborne releases from the DWPF
Waste
decay Age Dose (man-rem)
period group Total body Bone Thyroid Lungs Kidneys
{years)
5 Infant 3.1E-3¢ 6.6E-3 1.56—1 3.1E-3 29€-3
Child 1.2E-1 4,2E-1 2.0E0 1.2E-1 1,361
Teen 36E-2 1.1E-1 B.7E~1" 34E-2 3.6E-2
Adult 221 6.2E—1 7.6E0 2.1E—1 2.E-1
Total 3.8E-1 1.2E0 1.1E1 3,7E—1 3.86-1
15 Infant 1.7E-3 43E-2 1,561 1.66-3 1.6E-3
Child 86E-2 31E-1 2.0E0 B.0E-2 8.3E-2
Teen 24E-2 7.86-2 8781 2.3E-2 2.36-2
Adult 14E—1 4 561 7.5E0 1.3E-3 1.36—1
Totat 2.5E—1 84E—1 1.1E1 2.3E-1 24E-1

#Population doses within B0 km of the plart from 2 100-year exposure period to environmental media
concentrations resulting from constant releases over one year.

®projected U.S. population from Bureau of Census, Series P-26 No. 704 (July 1977},

©To be read as 3.1 X 1072, .



5-14

Population dose to the continental United States

0f all radfoactive materials released by the DWPF which are susceptible to long-range transport,
only tritium and iodine-129 have a lgng enough half-1ife and a high enough release rate to be
considered in predicting doses te the U.S. and world populations. Table 5.0 lists the 100-year
environmental dose commitment to the population of the continental United States from routine
releases of tritium and iodine-129 during the DWPF processing of 5-year-old waste and 15-year-old
waste. Total body doses for all age groups (0.0097 man-rem per year from processing 5-year-old
waste) is an insignificant percentage of the population dose from natural background radiation.

Tabte 5.10. One-hundred-year environmenial doss commitmerta®
to the 1990 popuiation of the continental Linited Stales?
lor the sirborne releases of intium end lodine-129
trom the DWPF<

Waste

decay Age Doz per vear ot operation iman-rem)
penod group

Iyears) Total body Bone Thyrand Kidneys
5 Infant. 1 BE—aF 16E-4 50E-3 1564
Child 1.7E-3 1.7E-3 5.4E~2 1.7E-3
Teen 7.7E—4 77E-4  25E-2 7.7E-4
Adult 7.1E-3 T1E-3 23E-1 7.0E-3
Totwl 3.7€-2 2IE-3  JIE 97E-3
15 tnfart Q.0E-5 5.0E-5 4.BE-] 90E-§
Child 9.6E-2a 96E-4 5.2E-2 9.6E—4
Teen 4.4E-4 A4E -4 2.5E-2 A44E-4
Aduit AANE-] A41E-3 2.3E—1 4.1E-3
Total 68E-3  5BE-3 31E-1 56E-3

*Populatior doses from a 100year exposure period te environ.
menisl media cancertialians resulting f7OMm constant releases over one
year,

bPrajected U. S_population from Bureay of Census, Series P-25 No.
704 (Juty 1977).

“Read at 16X 1077,

The 100-year EDC to the thyroid for the continental U.S, population from the release of iodine-
129 is 0.31 man-rem per year of operation and is only a small percent of the comparable dose
from other sources at present Tevels. Thus, the dose to the U.S. population from the releases

of tritium and iodine-129 will result in only a slight increase in the population dose from other
sources.

Population doses to the world

The world population doses from the releases of tritiuym and fodine-129 are shown in Table 5.711.
Any increase to the world population dose above that from existing background sources of tritium
and .iodine-129 is considered negligible. Due to the long half-life and envirormental transport

J-35 ofdiogine-TZQ, this nuclide effectively becomes a permanent addition to natural background
radiation.

Table 5,11, One-hundred-yesr snviror I dose *
for 1 projecied world lonf=routine airborne releases
from the DWPF vs all other sourcan

Radicnuclide Dase per year of operation {man-em}
and argan S-year-oig waste 15-year-old wasts Existing
background
TH (total bady) BIE-2 40E-2 65E6
'2%) {thyroid) 7.0€0 7.0€0 1.BES

*Based on one-hundred year expoture period 16 gnvijonmental media concentra-
tions resuiting from constant relzases over oné year,

Pworld papuiatan figures bated on United Matioms 1eport No. 56, UN Req.
ST/ESA/SER/A-56 (1974). Population considerad to be made up entirely of
acults,

“Read as 6.7 X 1077,
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Maximum individual dose commitment from liquid effluents

The 50-year dose commitments for the total body and important organs of age-specific individuals
exposed to the various aquatic pathways associated with the use of the Savannah River are listed
in Table 5.12 for the processing of 5-year-old waste. The maximum dose to an individual is only
0.021 millirem per year of operation and results almost entirely from the tritium concentration

in the drinking water.

Table 5.12. Maximum 50-year dose commitment’ to individuals from
liquid effluents of the DWPF {pracessing 5-year-old waste) released
inte the Savannah River

Age Aquatic Dose® (millirem) B
group pathways Total body Bone Thyroid  Kidneys
Infant Immersion in water® 0.0 0.0 0.0 0.0

Ingestion of water® 2.1E-2 21E-2 21E-2 2.1E-2
Ingestion of fish® 0.0 0.0 0.0 0.0
Total 2,1E-2 21E-2 2.1E-2 2.1E-2
Child Immersion in water 1.2E-9 1.3E-8 8.2E-10 1.1E-9
Ingestion of water 2.1E-2 2.1E-2 21E-2 21E-2
Ingestion of fish 2.9E-4 29E—4 29E— 29E4
Total 2.1E-2 2.1E-2 2.1E-2 21E-2
Teen Immersion in water 1.26-9 1.3E-9 9.2E-10 1.1E-9
Ingestion of water 1.1E-2 1.1E-2 1.1E-2 1.1E-2
Ingestion of fish 16E—4 3.8E4 3.6E—4 3.6E-4
Total 1.1E-2 1.1E-2 1.1E-2 1.1E-2
Adult Immersion in water 1.2E-9 1.3E-9 9.2E-10 1.1E-9
Ingestion of water 1.6E-2 1.6E-2 1.6E-2 1.6E-2
Ingestion of fish 48E—4 4.8E4 48E—4 484
Total 1.7E-2 1.7E-2 1.7E-2 1.76-2

®Internal doses are 50-year dose commitments for one year of radienuclide intake.

bper year of operation.

®Based on swimming in the river for 1% of the vear, except 0% for “infant.”

9Based on water intake of 330 L/year for “infant,” 510 L/year for “child’"and "teen,”
and 730 L/year for “aduit.”

€Based on fish consumption of 0.0 kg/vear for “infant,” 6.9 kg/year for “child,”
16.0 kg/year for “teen,” and 21.0 kg/year for "'adult.”

The comparable doses from aquatic pathways resulting from the liquid effluents frem processing

15-year-old waste are listed in Table 5.13. The doses are about one-half of those of the 5=_‘y'ea'|"=

0ld waste because the additional decay time resulted in the Tower release rate for tritium,
which contributed essentially 100% of the total dose from all pathways.

Pigwch qg dQiS g g UUsiod dic auvuu unc=oaag

All doses from the processing of 5-year-aged or 15-year-aged waste are only a small fraction of
the OOE standards!? for the maximum allowable exposure to the individual (500 miilirems to the
total body, gonads, and bone marrow and 1500 millirems to the other organs). Additionally, the
maximum individual dose {(0.02 millirem per year of operation} is only about 0.02% of the average
natural radiation background dose {117 millirems per year} in the vicinity of the plant.

Population dose commitments from liquid effluents

The Savannah River water is not known to be used for human consumption for a distance of about
160 km downstream from the DWPF effluent. Table 5.14 lists the 100-year environmental dose
commitment to the projected 1990 population within 80 km of the plant for the processing of
5-year-old and 15-year-old waste. The highest EDC (0.25 man-rem per year of operation) for the
collective age-group population is only about 0.0004% of the comparable annual dose from natural
background {7.1 x 10" man-rems). At about 160 km downstream from the plant effluent, a total of
69,500 persons {estimated average for the years 1990 through 2020) will take their drinking
water from the river. At this distance, complete dilution by the river is assumed. Tables 5.15
and 5.16, respectively, list the 100-year dose commitment for the population drinking river
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Table 5.13. Maximum 50-year dose cammitment” to individuals from
liquid effluents of the DWPF {processing 15-year-old waste) released
into the Savannzh River

Dose? {millirern}

Age Aquatic
group pathways Total body Bone Thyroid  Kidneys
Infant Immersion in water® 0.0 0.0 00 0.0
Ingestion of water? 1,1E-2 1.1E-2 1.1E-2 1.1E-2
Ingestion of fish® 0.0 0.0 0.0 0.0
Total 1.1E-2 1.1E-2 1.1E=2 1.1E-2
Child Immersion in water 6.7E-10 T9E-10 5.2E—10 6.1E-10
Ingestion of water 1.1E-2 1.1E-2 1.1E~2 11E=2
Ingestion of fish 1.6E—4 1,6E—4 16E-4 1.6E—4
Total 1.1E--2 1.1E~2 1.1E-2 1.1E-2
Teen Immersion in water 6.7E-10 79E-10 82E~-10 6.1E-19
Ingestion of water 6.1E-3 6.1E-3 6.1E-3 6.1E-3
Ingestion of fish 1.9E—4 1.9E—4 1.9E—4 1.9E—4
Total 6.3E-3 68.36-3 8.3E-3 B.3E-3
Adult Irmersion in water 8.7E-10 7.9E-10 52E—-10 G6.1E-10
Ingestion of water B8.3E-3 8.3e-3 8.3E-3 8.3E-3
Ingestion of fish 25E—4 2.5E4 25E-4 25E-4
Total 8.6E-3 B.6E-3 86E-—3 8.6E-3

?Internal doses are 50-year dose commitments for one vear of radionuclide intake.

5per year of operation.

“Based on swimming in the river for 1% of the year, except 0% for “infant.”

9Based on water intake of 330 L/year for “infant,” 510 L/ysar for “child” and “teen,”
and 730 L/year for *adult,”

€Based on fish consumption of 0.0 kg/year for “infant,” 6.9 kg/year for “child,”

16.0 kg/year for "teen,” and 21.0 kg/year for “adult.”

Table 6.74. One-hundred-year anvironmental dote commitment®
for a projected 1990 population from routine liquid
releases from the DWPF

Waste
decay Age Dose per year of operation (man-rem)
period group Totat body Thyroid  Kidneys
{years)
b Infant 4] 0
Child 3.6E-2° 3.8E-2 36E-2 3.6E-2
Teen 1.9E-2 2.1E-2 1.0E-2 19E-2
Adult 9E—1 19E-1 19E-1 1.9E-1
Total 2.5E-1 25E-i 25E-i 25E-1
15 trfant 1} 0
Child 19E-2 1.9E-2 19E-2 1.9E-2
Teen 1.1E-2 1.1E-2 11E-2 1.1E-2
Adult 1.0E~1 1.0E-1 1.0E-1 1.0E-1
Total 1,361 1.3E-~-1 1.3E—1 1.3E-1

?Population doses within 80 km of the plant from a 100-year sxposure
period to environmental media concentrations resulting from constant releases
over one year. No irrigation or drinking water is taken from the river within
this 80-km area.

®Read a5 3.6 X 1072,
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Table 5.15. One-hundred-yesr envir tal dose cc [ t to
19902020 population? from liquid effluents of the DWPF {processing
5.vear-old waste) raleased into tha Savannah River

Dase per year of operation (man-rem}®

. Age
Point of usage ] -
group Total body Bone Thyroid Kidneys
Beaufort-Jasper Infant 1.46-27 1.4E-2 14E-2 1.4E-2
Child 1.7E—% 1.7E~-1 1.7E=1 1.7E-1
Teen 4.8E-2 4 8E-2 48E-2 4 8BE-2
Adult 4 6E—1 4.6E—1 4.BE—1 4 6E-1
Port Wentworth Adult 4.8E-1 4 8E—-1 48E—1 4 8E--1
Total 1.2E0 t.2ED 1.2EQ 1.2E0

?Population usage is based upon the population average for the years 1990—
2020 of 40,300 consumers for the Beaufort-Jasper supply and 29,200 {adults only)
for the Port Wentworth industrial complex. '

bAge distribution for the Beaufort-Jasper population is 1.6% for “infant,” 19.4%
“child,” 10% “teen,” and 69% ""adult.”

“Dose includes doses from the pathways of ingestion of water and fish and
immersion in water. Water intake paramters are 260 L/year for “infant,” “chiid,”
and “teen” and 370 L/year for “adult.” Intakes of fish are 0.0 kg/year for “infant,”
2.2 kg/year for “child,” 5.2 kg/vear for “teen,” and 6.7 kg/vear for “adult.”
Immersion in water {swimming) except for the “infant” is for 1% of the year.

dna dacta w 102
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Table 5.16. One-hundred-year environmental dose commitment to
1980—2020 population? from liquid effluents of the DWPF (processing
15-year-old waste) releated! into the Savannah River

Dose per year of operation {man-rem)°

. Age
P f
oint of usage group°

Total body Bone Thyroid Kidneys

Beaufort-Jasper  Infant 7.36-37 73E-3 T3E-3  7.3E-3
Child 9.0E-2 9.0E-2 S90E-2 9.0E-2

Teen 25E-2 2.5E-2 25E-2 2.6E-2

Adult 2.5E—-1 2.5E-1 2.5E-1 2.5E-1

Port Wentworth Adult 2.5E-1 2.5E-1 25E-1 25E-1
Total 6.2E—1 6.2E-1 8.2E—1 6.2E—1

*Population usage is based upan the population average for the years 1990-
2020 of 40,300 consumers for the Beaufort-dasper supply and 29,200 {adults only)
for the Port Wentworth industrial complex,

bAge distribution for the Beaufort-Jasper population is 1.6% for “infant,” 19.4%
“child,” 10% "geen,” and 69% “adult,”

“Dose includes doses from the pathways of ingestion of water and fish and
immersion in water. Water intake paramters are 260 L/vear for “infant,” “child,”
and “teen” and 370 L/year for "adult.” Intakes of fish are 0.0 ka/year for ““infant,”
2.2 kg/year far “child,” 5.2 kgfyear for ‘teen,” and 6.7 kg/year for “adult.”
Immersion in water (swimmingj except for the “infant” is for 1% of the year.

“Read a5 7.3 X 1072,
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water for the processing of 5-year-old and 15-year-old waste. Because tritium contributes
essentially 100% of the dose, drinking water is the primary pathway. The highest EDC to the
entire population is 1.2 man-rems. While this dose (1.2 man-rems per year of DWPF operation)

to the populat1on drinking river water is almost 5 times that to the reg10nal population, it 1s
still only about 0.015% of the comparable annual dose from natural background. The population
dose commitments as a result of normal operations of the DWPF represent only very small 1ncreases
in the population radiation dose above background.

Qccupational dose

The DWPF will be designed and built to minimize radiation exposure of plant workers and the
general public. In addition, occupational exposures for workers will be monitored and kept
below the DOE limits, in accordance with the requirement of ma1nta1n1ng such exposures as low as

1
I — s - __..:L"
is reasonably achievable.

n.:

Although no facility quite the same as the DWPF exists, the SRP chemical separations facilities
have similar operations and handle high-level radioactive materials. The occupational exposure
records for the SRP workers in the chemical separations areas show that an average worker did
not exceed 12% of the total permissible dose per year.

Radiation-induced health effects — routine operations
of reference immobilization alternative

The radiation-indyced health effects that might be caused by the operation of the reference
immobilization alternative are quantified in Appendix J.4.1 and summarized here. The results
(Table J.5, Appendix J.4.1) indicate that the excess cancer risk from a single year's operation
of the reference DWPF is trivial. The best estimate is that 0.0003 premature cancer deaths
will occur as a result of the radioactive discharges during that one year. The maximum
possible risk will be 0.001 cancer deaths per year of operation and a minimum of no excess

~fanrarc
LTIV GY I

Based on the assumption that these impact rates continue throughout the 28-year operating life

of the DWPF, the results in Table 5.17 indicate that the cancer risk from the facility during

its entire operating life (28 years) will be about 0.009 cancer deaths {0.009 probable, 0 minimum,
(.03 maximum) It is 1mportant to note that these cancer risk estimates represent a full account-
ing of risk for the next 100 years. The data in Table 5.17 indicate that the likelihood anygne
will ever die of cancer as a result of the operation of the DWPF i5 remote.

Table 5.17. Summary of radiation-induced health affects committad over the 28-year routine
operating life of the reference design DWPF processing 5- and 15-year-old wata

Processing 5-year-old waste Processing 15.year-old wastes
Health effect QOrgan — - —
Probable  Minimum Maximum Probabie  Minimum  Maximum
1980 population
Committed ganatic 1Ak 2 1E_1 E_2 11E_7 7 IE_1 AQE_"2
ommitted ganetic 1.3E=2 3.18=3 £-2 e=2  27E-3 498E-4

disorders/28 years
of operation

Committed prema Bone 1.5E-3 3.4€-3 1.2E-3 2.7E-3
ture cancer Thyroid  2.6E-3 8.9E-3 24E-3 8.9€-3
deaths/28 years Lungs 1.4E-3 50E-3 1.26-3 4 4E-3
of operation Kidneys 1.6E—4 G.2E—4 1.4E—4 5.3E~4

- Other 3163 1,1E-2 2.86-3 9.8E-3
Total 8.7E-3 0 2.9E-2 7.7E-3 0 2BE-2

2000 population

Commiited genetic 14E-2 32E-3 59E-2 1.2E-2 28E-3 5.E-2
disorders/28 years
of operation
Cammitted prema- Bone 1.6€-3 3.6E-3 1.38-3 2.BE-3
ture cancer Thyrold  2,7€-3 9.8E~3 2.7€-3 - 9.BE-3
deaths/28 years Lungs 1.6E-3 5.3E-3 1.3E-3 4.5E-3
of operation Kidneys  1.7E-4 6.4E—4¢ 1.4E4 5.3E-4
Others J4E-3 1.2E-2 2.8E-3 1.0E-2

Total 9.3E-3 0 3.1E-2 8.2E-3 0 2.7e-2
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As with cancer risk, the risks of genetic disorder from the DWPF operation are trivial. The
prediction shows that an average of 0.0] genetic disorders (range 0.003 to 0.06) could be caused
by the normal operation of the DWPF over an operating life of 28 years. It is unlikely that any
genetic disorders will be caused by DWPF operation.

Impacts on biota other than man

Doses to biota other than man have not been estimated in this report. The radiosensitivity of
organisms other than man may be generally assumed to be less than that for man; therefore, if
man is protected from the potentiaily harmful effects of radiation, other organisms will be
protected.!5"19 Effluents of the facility will be monitored and maintained within safe radio-
logical protection limits for man; thus, no adverse radiological impact on resident animals is
expected.

Mitigating measures

Although the dose estimates for man resulting from the potential airborne and liquid releases of
radionuciides to the environment are quite low and well below existing standards for safe opera-
tion of the DWPF, every effort will be made to minimize these exposures through proper design
and operation as well as a quality assurance program. Also, the objective of keeping radiation
exposure as low as reasonably achievable will be emphasized, and an environmental sampling and
monitoring program will be maintained to provide an early alert for potential problems.

5.1.3 The long-term effects of salt disposal

The long-term effects of salt disposal for the reference case are presented in Sect. 5.4 Salt
Disposal Alternatives,

5.1.4 Impacts of normal transportation of reference waste

Both radiological and nonradiological impacts of normal or accident-free transportation of SRP
HLW were calculated for four different mixes of rail and truck shipments. In each case, or mix
of transport modes, a certain percent of the SRP HLW canisters are transported by each mode.

The cases, defined in Table 5.18, are not intermodal mixes. The radielogical and nonradiclogical
impacts of normal transportation are very small and are well within established limits.

Table 5.18. Definitlon of
rail/truck mixes for
cases 1,2, 3, and 4

Canisters
shipped
Case (%)
Rail Truck
1 100 0
2 70 30
3 30 70
4 0 100

The impacts are based on shipments of 8176 canisters over the 28-year operating period of the
DWPF. Each rail shipment will contain five canisters, and each truck shipment will contain one
canister. Each shipment is assumed to be 4800 km {3000 miles). This is a reasonable estimate
of the shipment distance from SRP to the State of Washington, which would be the greatest dis-
tance possible for shipment within the continental United States. The selection of 4800 km as
the shipment distance is not an implication of a policy decision in any way. It merely serves
as a conservative estimate that will yield maximum consequences. Information on shipment mode
and kilometers shipped is shown in Table 5.19.
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Table 5.19. Annual shipment data for four shipment cases

X Total number of Number of Shipmant
Shipment arinen e b oot e famB
Canisiers snippec srmpments maoe LI km)
case —_
Rail Truck Rail Truck Rail Truck
1 500 0 100 0 0.48 1]
2 350 150 70 150 0.34 073
3 150 360 30 350 0.16 1.7
4 0 500 4] 500 o 25

Nonradiological consequences are calculated for diesel tractor trailer rigs and locomotives pass-
ing a point 500 and 100 times a year, respectively. The primary potlutants from diesel fuel
combustion are particulates, 502, NDz, hydrocarbons, and carbon monoxide. The DWPF truck
shipments account for 0.0001% of the pollutants emitted from highway vehicles, and the train
shipments account for 0,0004% of the pollutants from nonhighway vehicles.

5.1.4.2 Radiological impacts of normal transportation of reference waste

Radiological impacts that result from normal transportation were calculated using RADTRAN I120
to generate population exposure. The exposure to various population groups was calculated in
man-rem/km of waste shipment, or man-rem/shipment made. These impacts were converted to latent
cancer fatalities (LCF) using BEIR III health risk estimators. Two sets of health risk esti-
mators were used, probable cancer deaths and maximum cancer deaths. These unit consequence
factors were then multiplied by the appropriate number of kilometers shipped annually or ship-
ments made annually (Table 5.19}. The resulting consequences for both probable cancer deaths
and maximum cancer death are shown in Table 5.20. Consequences for the general population
exposed while transport vehicles are stopped are based on number of shipments made. A1l other
population group consequences are based on number of kilometers shipped.

Table 5.20. Normal tranisporiation consequences given as probabie cancer deaths par year and maximum cancer deaths par yéar
Occupational® General population Total
) otals
Shipment Crewmen On link Off link Stops
case Rail Truck  Qwerall
Rail Trueck Rail Truck Rail Truck Rail Truck
1 0.0 0.0 35E-5 0.0 9.2E4 00 1.28..2 0.0 1.3E-2 0.0 1.3E-2
00 {00 (1.2E-4) (0.0} (3.1E=3) {0.0) (3.8E-2) {00} (41E~-2} (0.0} {4.1E-2}
2 0.0 4.7E-3 24E-5 3.BE-3 6.7E4 7.9E-3 8.66-3 8.6E—-3 8.3E-3 25E.2 ({34€-2)
00 (15E-2) (7.9E-6} (13E-2) (21E-3) (2.7E-2) (27€-2) (2.8E-2) ({2.9E-2) (8.3E-2) {1.1E-1}
3 0o 1.1E-2 1.0E-5 9.2E--3 28E—4 1.8E-2 36E.-3 20E-2 39E-3 58E-2 6.2E-2
00) (37E-2) (3BE-5) (3.1E-2) (9.2E-4) (B.1E-2) (1.1E~2) (6.7E-2) {1.2E~2) (20E-1} (29E-1)
4 0.0 1.7E-2 0.0 1.3E-2 0.0 26E-2 0.0 Z29E-2 0.0 85E-2 B.5E-2
0.0) (5.4E-2) {0.0} (4.38-2) {0.0) {9.2E-2)  (0.0) {9.BE-2) (0.0} {2.9E-1) ([2.9E-1)

PHLW casks will be loaded on the carrier vehicte at the SRP by DWPF personnel and unloaded at its destination by repository personnel. There will
be no reloading in transit and, therefore, no radiation exposure 1o transportation workers accountable to cask handling will occur.

One other type of radi
30 meters away from e

L+ H

Further discussion on the methodology and assumptions used for these calculations can be found
in Appendix D.
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Table 5.21. Maximum annual
dose {millirem) 1o Individual
from normal transportation

of waste canisters

Shipment .
case Rail Truck
1 0.06 0.0 .
2 0.04 0.09
3 0.02 0.2%
4 0.0 0.30

5.2 DELAYED REFERENCE ALTERNATIVE

In the analyses given, the differential effects estimated for the delay of the reference alterna-
tive are applicable aiso to delay of the staged process alternative.

5.2.1 Construction

The reference immobilization alternative delayed ten years differs from the previous alternative
primarily in that there is no interaction with the Vogtle project in the 1990s (the Vogtle
project is assumed to be completed). Because no competition with another project will exist,

as in the Vogtle delayed scenario, the number of in-movers is less {around 1100} than the refer-
ence immobilization alternative in which Vogtle is delayed (1450 in-movers) but more than the
reference immobilization alternative in which Vogtle is on schedule and Vogtle's work force is
gradually released, becoming available for DWPF construction (870 in-movers). As may be seen in
Table 5.22, the six-county area is expected to experience significant population growth in the
decade from 1986 to 1996, to around 468,000. Because of this significant (14%) expansion of the
baseline population and related facilities (housing, schools, economic base, etc.), the impacts
of this alternative upon the surrounding area are expected to be similar to or only slightly higher
than those of the reference immobilization alternative in which both projects are on schedule,
despite the higher rate of in-movers (22% for the delayed reference immobilization alternative).

5.2.2 Qperation

5.2.2.1 Land use and socioeconomic impacts

The impacts of operation of the delayed immobilization alternative are expected to be the same
as those of other reference immobilization alternatives: insignificant for population growth or
public services, but providing around 700 permanent jobs after the significant employment
declines following the complietion of DWPF construction,

5.2.2.2 Radiological impacts

The environmental assessment pathways, methodology, and assumptions discussed in Appendix J are
applicable to this alternative.

Maximum individual dose commitment from airborne releases

The doses to the maximally eiposed individual from exposure to airborne releases during normal
operation of the delayed immobilization alternative are about the same as for the reference
jmmobilization alternative and are discussed in Sect. 5.1.2.3 and presented in Tables 5.7 and 5.8,

Population dose commitments from airborne releases

As described in Sect. 5.1.2.3, all population doses are 100-year environmental dose commitments.

Population dose to the regional population {within 80-km radius of the DWPF). The 100-year
environmental dose commitments (EDC} for the various age groups for the projected year 2000
(delayed immobilization alternative) during the processing of 5-year-old and 15-year-old waste
are listed in Table 5.23. The total-body dose commitments, of 0.43 man-rem per year of opera-
tion and (.28 man-vem per year of operation, respectively (summed for all age groups}), from
exposure to the effluents of processing 5-year-old and 15-year-old waste are only slightly
higher than those for the reference immobilization alternative. This is a result of the
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Table 5.22. Socioeconomic impact of referance immobilization alternative delayed ten years on primary impact area—
construction: 1396 DWPF peak {no Vogtle impacts)

. Population Schools®
Population Work force increase increase Housing:
County 1896 Commuters®  [n-migrants? (OWPF) (DWPF) demand-supply
No, (%) Nao. {%)
South Carolina
Aiken 128 600 500 1,134  {0.9} 217 [0.8) Adequate
Allendale 12,725 35 79 {06} 16 (0.5) Shortage in single family units;
DWPF demang <0.1% gf
total demand
Bamberg 21,580 30 66 10.3) 14 (0.3} Shortage in single family units;
DWPF demand <0.1% of
total demand
Barowell 26,700 210 483  {(1.7) 92 {1.4) Shortage in mobile home and
multifamily units, DWPF
demand = ~2%
Geaorgia
Columbia 59,400 60 185 (0.2} % 10.2) Adequate
Richmond 218,000 280 623 (0.3) 123 (0.3} Adequate
Totat® 468,000 3,680 1,120 2,500 {0.5) 488 {0.5)

General 1mpactsf

Public services; No noticeable impact on police and fire services. Negligible watar and sewer demand increases.

Public finance; Moderate impacts. No DWPF property tax paid to focal jurisdictions. Additional tax revenue $rom new worker
homes property tax, sales and use taxes rmay not equal ¢ost of services.

Economic base: Significant impact from $65.8 mibion in direct salaries and additional indirect and induced salaries.

Some infiation in Jocal prices, and increases in tocal wage rates and ¢onsumer demand.

Roads and traffic: Same as Reference Alternative with Vogtle delayed. Minor offsite impacts. Major onsite congestion may

oceur during shift changes.

Land use change. Minor impacts, Normal growth changes overshadaw DWPF impacts except for possible mobile home increases —

Barnwell and Aiken,

Historical and archaeofogical: No impact,

?Local movers (200) not included. Overall total = 5000.
Y Entire increase assumed to occur in one year, Peak inmigrant enrollment is divided by total student enroilment.

€ Jo'bs fitled by existing residents. individual county commuting totals are not given because (1) all will be existing residents whose
road use is already fett, and (2} maximum tratfic impacts as workers converge on the roads near the SRP were found not to affect

levels of service significantly.

0‘Some weekly travelers included in both in-migrant and local mover category,

Numbers may reflect rounding errors.

fIrﬂpacts apply to alt gounties in primary impact area.

iqcrease in population during the 10-year delay period {about 70,000 persons}.
highest organ dose, to the thyroid (12 man-rem per vear of operation), represents an increase
over the reference immobilization alternative related to the population increase; other param-
eters used in dose determination remain unchanged.

Similarly, the

The annual total-body dose to the regional population from natural background (assuming an
average annual dose rate from natural background to be 117 millirems) is 7.9 x 10% man-rems.
The highest total-body dose (0.43 man-rem per year of operation) is only 0.0005% of the back-

ground dose.

Population dose to the continental United States.

The T00-year environmental dose commitments

to the continental United States from the routine airborne release of tritium and iodine-129

during the processing of S-year-old and 15-year-old waste are listed in Table 5.24.
are only slightly higher than those for the reference immobilization alternative (see Table 5.10)
because of the projected increase in population.
year of operation processing 5-year-old waste) is only a very small fraction of the comparable

background dose.

The doses

The highest total-body dase (0.011 man-rem per
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Table 5.23. One-hundred-year environmental dose commitrents?
for a projected population for the year 2000 from routing airbarne
releases from the DWPF

Waste

d Age Dose per year of operation {(man-rem)
ecay

period graup Total body Bone Thyroid Lungs Kidneys
Byears  infant 29E-3* §BE-3  15E—1 3.1E-3 28E-3
© Chid 1.3E-1 4.3E-1 2.0EQ 1.2E-1 14E-1
Teen 5.3E--2 1.6E-1 1.3E0 5.2E-2 BA4E-2
Adult 24E--1 6.9E-1 8.4E0 23E—1 23E-1
Tatal 4 3E—1 1.3E0 1.2E1 41E-1 4.2E-1
15 years  Infant 1.6E-3 4.3E-3 1.5E—1 1.5E—3 16E-3
Cheld B.BE-2 31E—1 2.0EQ 84E-2 B8.6E-2
Teen 3.4E-2 1.2E—1 1.3E0 3.1E-2 3.3E-.2
Aduit 1.6E-~1 5.0E—1 B.2E0 14E—-1 14E-1
Total 2.8E-1 9.3E-1 1.2E1 26E-1 26E-t

?Population doses within 80 km of the plant from a 100-year exposure period
to environmental media concentrations resulting from constant releases over one

year.
b Read a5 2.9 X

107,

Table 5.24. One-hundred-year environmental dose commitments’

to the papulation of the continentat United States” for the

year 2000 for the airborne release of tritium and
igdine-129 from tha DWPF

15 years

Age Dose per year of operation {man-rem)

group - N
Total body Bone Thyroid Kidneys
Infant 14E-4° 144 4.7E~-3 14E-4
Child 1.7E-3 1.7e-3 5.5E-2 1.7E-3
Teen 9.6E—4 9.6E— 3.2E~-2 9.6E—4
Adult 7.7E-3 77E-3 2.8E—1 7.7E-3
Total 1.1E-2 116-2  37E-1 1463
Infant B.2E-5 82E-5 4.7E-3 8.2€E-5
Child 9.5E—4 9.5E—4 5.4E-2 9.5E—4
Teen 5.5E—4 5.5E—4 3.2E-2 5.6E--4
Adult 4.4E-3 44E-3 27E 1 44E-3
Total 6.0E-3 6.0E-3 3.6E—1 6.0E-3

"Population doses from a 100-year ex
environmental media concentrations resulting from constant releases
over one year.

bProjected U.S. population from Bureau of Census, Series P-25 Na.
704 (July 1977).

“Read as 1.4 X 1071,

posure  period

to
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The thyroid doses to the continental Unjted States resulting from the release of 1291 from the
DWPF are listed in Table 5.24. The total thyroid dose {0.36 man-rem per year of operation) is
only a small percentage of the existing background dose from all other sources.

Population doses to the world. The world populaticn doses from the release of tritium and 12°]
are listed in lable 5.25. The doses are higher than the comparable doses for the reference
immobilization alternative (Table 5.11) due solely to pogu]ation increases, and represent a
negligible increase over that from existing tritium and 1291 background sources.

Tabie 5.25. One-hundred-year anvironmenial dose commitmeni®for a projected
world population® tor the year 2000—rouline
airborne relesses from 1he DWPF va all other sources

Radionuclide Dose per year of operation (man-rem)
and organ S.year-old waste  16-year-old waste Existing
Dbackgroundg
*H {total body) 79E-¥ 4.7E-2 7.7E5
2% (thyroid) 8.2E0 8.260 4.2E6

?Based on one-hundred-year exposure period to environmental media
concentrations resulting from constant releases over one year,

bworld population figures based on United Nations report No, b6,
Rep. ST/ESA/SER/A-BE {1974). Population considered to be made up
entirely of adults.

“Aead as 7.9 X 10~ 2.

Maximum individual dose commitments from 1iquid effluents

The doses to the maximally exposed individual from liquid releases to the Savannah River are
the same as those for the reference immobilization alternative and are listed in Tables 5.12
and 5.13 and discussed in Sect, 5,1.2.3.

Population dose commitment

The 100-year environmental dose commitments for the year 2000 are listed in Table 5.26. The
highest total-body dose {summed for all age groups) is 0.28 man-rem per year of operation
{processing 5-year-old waste) and is approximately 10% higher than the similar dose for the
reference immobilization alternative because of the increase in the exposed population. The
dose is a very small fraction of the comparable dose from natural background sources (7.9 x 10%
man-rems). The population doses from the consumption of drinking water for the reference alter-
native {Table 5.16) also apply to the delayed reference alternative. The projected usage in
Table 5.16 is for the period 1990-2020, encompassing both the reference alternative and the
delayed reference alternative.

Radiation-induced health effects — delayed immobilization alternative

Radiation-induced heaith effects for the delayed immobilization alternative are within the range
of those presented in the part of Sect. 5.1.2.3 that deals with radiation-induced health effects

during routine operations of the reference immobilization alternative. These predicted health
effects are very small,

5.3 STAGED PROCESS ALTERNATIVE (PREFERRED ALTERNATIVE)

5.3.1 Construction

5.3.1.1 Land use and sociceconomic impacts

Having only 60% of the maximum wark force of the refarence alternatives previcusly considered,
the staged process alternative has markedly fewer in-migrants and produces correspondingly
smaller population or school enrollment increases. Only 465 of the 3000 workers are expected to
move into the area (bringing with them about 215 children}, producing a population increase of
1130 (Table 5.27). Because this increase is less than 1% of the totals even in Barnwell, the
most affected area in previous alternatives, potential impacts are considered to be insignificant

o
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L}
Table 5.26. One-hundred-year environmental dase commitments”
for a projscted population for the year 2000 from routine liquid
reieases from the DWPF

':"“ Age Dose per year of operation (man-rem)
ecay -
period group Total body Bone Thyroid Kidneys
5 yeaary Infant 1] ] 0 4]
Chitd 38E-2 40E-2  3BE-2 38E-2
Teen 29E-2 31E-2 29E-2 29E-2
Adult 2.1E-1 2.1E-1 2.1E-1 21E-1
Total 2.8E-1 2.BE-1 2.8E-1 2.8E-1
16 years  Infant 0 0 0 0
Child 2.1E-2 21E-2 21E-2 21E-2
Teen 1.5E--2 1.5E-2 1.5E-2 1.5E-2
Adult 1.1E-1 1.1E1 1.1E-1 1.1E-t
Total 1.5E-1 1.5E-1 1.5E-1 1.5E—1

JPopulaticn dases within B0 km of the plant from a 100-year exposurg
period to environmental media concentrations resulting from constant
releases over one year. No irrigation or drinking water is taken from the
river within this 80-km area.

DRead as 3.8 X 1072,

in all public service, land use, traffic, housing, and historical and archaeological impact
areas. Minor impacts will be sustained in public finance which may be partially offset by the
economic contributions of the construction workforce and the purchase of services and equipment.
The only impact of note is that of direct and indirect worker salaries, which total $48 million
and $148 million, respectively, and their corresponding effect on the regional economic base.
Overail, the staged process alternative has minor to negligible impacts and some economic bene-
fits from the 3000 jobs it will create; it has the lowest offsite land use and sociceconomic
impact of the three alternatives considered here.

5.3.1.2 Nonradiological impacts

Aquatic ecological impacts from staged construction may be lesser in degree but persist for a
longer period of time than those described for the reference immobilization alternative (Sects.
5.1.1.2 and 5.1.2.2). Staged construction will involve site clearing and excavation in two
phases, each of which will involve less land area than for the reference immcbilization alter-
native. Consequently, stream siltation impacts resuiting from construction may be lower in the
staged process because of the smaller area on which construction activity occurs at any one
time. However, stream impacts will occur over a longer period of time for the staged process
compared to the reference immobilization alternative.

5.3.1.3 Radiological impact

The radiological impacts and recommended controls for the staged process alternative construc-
tion activities are about the same as for the reference immobilization alternative (see Sect.
5.1.1.3}). However, stage 2 construction activities would be expected to invaolve exposures more
nearly 1ike those found for construction workers in the chemical separations areas with average
exposures of 0.35 rem/year from 1973 through 1978,21

5.3.2 Qperation

5.3.2.1 Land use and socioeconomic impacts

The impacts of operation of the staged process alternative are similar to but less than those of
the reference immobilization alternatives: insignificant effects upon population growth or
pubiic services, but provision for around 530 permanent jobs after the significant declines in
employment entailed by completion of DWPF construction.
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Table 5.27. Socioeconomic impact of staged process alternative on primary impact area ~ construction:
1987 DWPF peak with Vagtle on schedule (peak in 1983)

Papulation® Schools?
count Population Work force? increase increase Housing:
ourty 1987 Commuters® Irmigrants? __{DWPF) (DWPF) demand-supply
No. (%) No. (%}
South Carolina
Aiken 117,000 240 580 (0.5) 110 {0.4) Adequate
Ailendale 11,679 10 30 0.3} 5 (0.2}  Shortage in single family units;
DWPF demand <0.1%
Bamberg 19,500 10 30 0.0 5 t0.1)  Shortage in single family units;
DWPF demand <0.1%
Barnwell 23,425 75 18% {0.8) 35 (0. 71 Shortage in mobile home and multi-
family units; DWPF demand = 1%
Georgia
Columbia 47,900 25 56 0.1} 10 {0.1) Adequate
Richmaond 185,600 108 280 0.1} 50 0.1} Adequate
Total® 415,100 2,380 465 1,130 0.3 215 (0.2}

Generat imnacts{
Public services: No impact on fire, police, watér or sewer services.

Public finance: Minor impacts, No DWPF property tax paid to local jurisdictions, Additional 1ax revenue trom property, sales
and use taxes paid by workers may nat equal ¢ost of services,

Economic base: Significant impact from $48 million in direct and additional indirect and induced worker salaries,
Some inflation in local prices, and increases in local wage rates and consumer demand,

Reads and traffic: Minor offsite impacts, Moderate on-site congestion may occur during shift changes.
Land use change: Negligible impact.

Histarical and archaeological: No impact,

2 ocal mavers {150} not included. Total overall = 3000,

®Enure increase assumed to occur in one year. Peak in-migrant enroliment is divided by total student enroliment,

< Jobs filled by existing residents. Individual county commuting totais are not given because {1} aii wili be existing resicents
whose road use in home areas is already felt, and {2) maximum traffic impacts as workers converge on the roads near the
SRP were found not to affect levels of service significantly.

950me weekly travelers included.

#Totals may not agree with sub-itemns because of rounding.

flmpacts apply to all counties in primary impact area.

5.3.2.2 Nonradiological impacts

Terrestrial and aquatic ecological impact from operation of a staged DWPF will be less than

those for the reference immobiiization alternative (Sects. 5.1.7.2 and 5.1.2.2) due to elimination
of the coal-fired power plant.

5.3.2.3 Radiological impacts

The-enviroqmentaT assessment pathways, methodology, and assumptions discussed in Sect. 5.1.2.3
and Appendix J dre applicable to this alternative case.

Dose commitments from airborne effluents

During the operation of the staged process alternative facilities, effluents from two Stages of
operation, as described in Sect. 3.3, are considered. The annual releases of radionuclides to
the atmosphere for uncoupled Stage 1 are all through the sand-filter stack. The sand-filter
stack measures 43 m high and 3,7 m in diameters the effluent velocity is 16.1 m/s. The annual
releases of radionuclides for coupled operation are from the sand-filter stack, the regulated

chemical Farility and +ha ealé~mata nlanté
haid T¥wirlvys anwu LI 31 LLTTLT pPIdllL,.
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Dose commitments to the maximally exposed individual. The maximum doses to the individual
(Tiving at the nearest boundary in the prevailing wind direction) are shown in Tables 5.28 and
5.29 for Stage 1 and Stage 2, respectively. The maximum total-body dose commitment (0.063 milli-
vem per year of cperation) occurs to a child during the Stage 1 operation (Table 5.28) as does
the highest organ dose (0.25 millirem per year of operation5 to the bone. The dose {total-body
dose to “chi]d“} grimarily is from 205r {~100%) for the Stage 1 process (Table 5.30) and from
305y (98%) and 137Cs (2.0%) for the Stage 2 processes (Table 5.31}.

Tahle 5.28. Maximum 50-year dose commitment to the individuat® from
routina annual airborne raleases from the DWPF — staged
alternative: Stage 1, sand filter stack release

Dose Commitment? {millirem}

Age group N ‘
Total body Baone Thyroid Lungs Kidneys
Enfant 5.0E—3° 2.3e-2 2.0E-2 5.9e-3 5.9E-3
Child 6.3E-2 2.5E~1 7.98-2 6.3E-2 B.3E-2
Teen 3.7E-2 1.5E-1 5.4E-2 3.7e-2 3.7E-2
Adult 2.9E-2 1.2E-1 81E-2 2.9E-2 2.9E-2

2Maximally exposed individual is at the nearest boundary approximately
10.5 km downwind from the plant effluent.

bpey year of operation.

“Read as 5.9 X 107°

Table 5.29. Maximum 50-year dase commitment to the individua® from routine annuat
airborne releases from the DWPF — staged alternative: coupled 15-year-old waste

Age group Dose commitment? {millirem)

and facility Total body Bone Thyreid Lungs Kidneys

Infant
Sand fitter stack’ 51637 1.9E-2 1.5E-2  5.2E-3  B3E-3
Regulated chemical facility 2.3E--5 23E-5 2.3e-5 23E-5 2.3E-5
Saltgrete plant 22E-5 2.2E-5 2,2E-5 2.2E-5 2.2E-5
Total 51E-3 1.9e-2 1.56E-2 6.26-3 58.3E-3

Child
Sand filter stack® 4.8E-2 1.9E—1 §.9E-2 4.8E-2 4.8E-2
Regulated chemical facility 2.4E-5 24E-5 2.4E-5 24E-5 2.4E-5
Saltcrete plant 24E-5 2.4E-5 2.4€--5 2.4E-5 24E-5
Total 4.8E-2 1,9E-1 5.9E-2 4.8E-2 4 8E-2

Teen
Sand filter stack® 29E-2 1.1E-1 41E-2 2.8E-2 2.9E-2
Regulated chemical facility 28E-§ 28E-& 2.6E-5 2.5€--5 2.5E-5
Saltcrete plant 23E-5 2.3E-5 2.3E-5 2.3€-5 2.3E-5
Total 2.9e-2 1.1E-1 1E- 28E-2 2.9e-2

Adult
Sand filter stack® 2.3E--2 9.0E 2 3.9E 2 22E 2 2.38-2
Regulated chemical facility 25E 5 2.6E- 5 25E & 25E 5 2.8E-5
Salterete plant 24E 5 24E & 24E 6 24E 5 2.4E-5
Totol 2.3E 2 9.0E 2 39 2 2.2E- 2 2.3E-2

“paximally exposed individual is at the nearest boundary approximately 10.5 km downwind
from the plant effluent.

?per year of operation.

“Combined Stage T and Stage 2 operations.

9Read as 5.1 X 10 2.

The total-body and organ doses are only a small fraction of the applicable Federal regulation of
500 millirems to the total body, gonads, and bone marrow and 1500 miilirems to the reference
organs.'3 The highest total-body and organ doses are only about 0.01% and 0.05%, respectively,
of the established limits.
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airborne effluents of the staged alternative: Stage 1, sand filter stack releass

Age group Radionuclide

Percentage of dose

Total body Bone Thyroid Lungs Kidneys
Infant 9egp 98.8 98.4 9.4 98.1 98.5
122) 0.4 0.2 0.4 0.3 0.5
238p,, 0.1 1.2 0.0 ¢.8 0.4
Child S0gy 99.9 99.6 79.4 99.7 99.7
129) <G.1 <0.1 20.5 <01 <0.1
28py, <0,1 0.4 <0.1 0.1 0.1
Teen 905 99.7 99.2 68.1 9g.5 99.7
128 <0.1 <0.1 s <0.1 <0.1
238p, <0.1 0.7 <0.1 0.3 <0.1
Adult 204, 89.7 89.1 56.0 99.5 99.4
129 0.1 <01 439 Q.1 <0.1
238py 0.1 0.8 <01 0.2 0.4

Table 5.31. Contribution to dose by major radionuclides released in the airborne

effluents of the staged alternative: coupled sand filter stack releass”

Percentage of dose

Age group Radignuclide
Total body Bone Thyraid Lungs Kidneys
fnfant 3y 0.5 0.1 0.2 04 0.4
805y B5.4 89.5 29.4 84.7 824
129) 0.3 0.2 66.5 0.3 0.4
LEEFN 13.2 8.9 3.7 13.2 15.9
(LT 0.3 0.1 0.1 0.3 0.2
238p, 0. 1.1 <Q.1 0.7 0.4
Child 3H o1 <0.1 <0.1 0.1 0.1
S0g, 97.9 97.9 79.2 98.0 97.0
129 <0.1 <0.1 19.4 <0.1 0.1
370 1.9 1.7 1.4 1.7 25
154gy <0.1 <01 <0.1 <0.1 <01
238py <01 0.3 <0.t 0.1 0.1
Teen 3y 0.1 <0.1 0.1 0.1 0.
5%gr 95.9 97.7 67.6 96.9 96.1
129 0.1 <0.1 29.8 0.1 0.1
137y 3.7 1.5 23 26 35
154y 0.1 <0.1 <01 <0.1 <01
238py, 0.1 0.7 <01 03 0.1
Adult 24 0.1 <0.1 0.1 0.1 0.1
80g¢ 94.3 975 55.7 96.5 95.6
129y 0.1 <0.1 413 0.t 0.1
3T 5.3 16 28 3.0 38
184, 0.1 <0.1 <0.1 0.1 0.1
23p, 0.1 <0.1 0.2 0.3

0.8

?Combined Stage 1 and Stage 2 operations.
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Additionally, the highest total-body dose of 0.063 millirem per year of operation is only about
0.05% of the normal background radiation to area residence of 117 millirems per year.

The maximum total-body dose from the staged process alternative (coupled operation) is more than
7.5 times the comparabie dose resulting from the reference-process release rate. The higher dose
for the staged alternative primarily results from the increase in the Sy released in the

Stage 1 process.

Population dose commitment. As described in Appendix J, all population doses are 100-year
environmental dose commitments (EDC}.

Population dose to the regional population (within 80-km radius of the DWPF). The 100-year EDCs,
from airborne releases, to various age groups of the projected population for 1990 for the Stage 1
and Stage 2 coupled processes are shown in Tables 5.32 and 5.33, respectively. The higher doses
occur during the Stage 1 process in which the total-body dose for all age groups in the population
is 1.6 man-rems and the highest organ dose (dose to the bone) is 6.8 man-rems.

The annual total body dose from natural background radiation within 80-km radius of the DWPF is
estimated to be 7.1 x 10* man-rems {based on an average background dose rate of 117 millirems/year).-
The annual total-body dose from Stage 1 operation (1.6 man-rems per year of operation) is only
£.002% of the background dose.

Although the highest total-body 100-year EDC to the population for the staged alternative case
(1.6 man-rems) is more than 4 times the comparable dose for the reference case (0.38 man-rem, see
Table 5.9), the dose stiil represents only a small increase in the population dose from background
radiation sources.

Population dose to the continental United States. The 100-year EDCs to the population of the
continental United States from tritium and iodine-129 routinely released during the Stage 1 and
coupled operations are listed in Table 5.34. The highest total-body dose, 0.0024 man-rem {coupled),
is lower than the comparable dose from the reference facility (processing 5-year-old waste) by a
factor of 4. The highest 100-year EDCs for the thyroid resulting from the release of 1291 from

the staged alternative is 0.029 man-rem per year of operation (Stage 1} for all age groups. The
population thyroid doses are a very small fraction of the comparable dose from all other sources.

Population doses to the world. The 100-year EDCs for the world population from releases of
Tritium and 291 are shown in Table 5.35. The doses are below those for the reference alterna-
tive (Table 5.11), and any increase to the world population dose above that from existing back-
ground sources of tritium and 12°I is considered negligibie.

Maximum individual dose commitment from liquid effluents

The 50-year dose commitment to the total body and organs are shown in Table 5.36. The maximum
total body and organ dose is 0.0095 millirem per year of operation, about 45% of the comparable
dose for the reference alternative. As in the reference alternative, almost all of the doses
result from the tritium released to the stream. The doseés represent only a small fraction of
the apgljgable Federal standards (500 millirems to the total body and 1500 millirems to the
organs}.

I
)

Population dose commitments from iiquid effiuents

The 100-year EDCs to the projected 1990 population within 80 km of the DWPF are listed in Table
5.37. The total body and organ dose 0.11 man-rem is approximately 45% of the comparable dose for
the reference alternative for processing 5-year-old waste (Table 5.14}. None of the drinking
water for the population within 80 km of the effluent is taken from the Savannah River; thus, the
dose is primarily from eating fish from the stream {it is conservatively assumed that all fish in
the diet are taken from the river). The highest dose of 0.11 man-rem per year of operation is
only about 0.0002% of the comparable annual dose from natural background of 7.1 x 10% man-rems.

At about 160 km downstream from the plant effluent a certain portion of the population takes its
drinking water from the Savannah River. The doses to this population are shown in Table 5.38,
The highest dose {s 0.52 man-rem, about 45% of the highest dose estimated for the reference
alternative (processing 5-year-old waste) and only about 0.006% of the comparable annual dose
from natural background to the people drinking river water.
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Tabie 5.32, One-hundred-year environmental dose commitments (EDC)? for a
1990 projected population? from routine airborne releases from the
DWPF — staged alternative: Stage 1, sand fitter stack release

Age Dose per year of operation (man-rem)

group Total body Bone Thyroid Lungs Kidnays

Infant 6.26-3¢ 24E-2 2.1E-2 §.2E-3 8.2E-3

Child 6.4E—1 2.6E0 8.3E—1 B.4E—1 6.4E-1

Teen 1.5E-1 6.4E-1 2.6E~1 1.5E~1 1.56—1

Adult 8.2E—1 3.5E0 1.6ED 8.3E-1 8.3E—1
Total 1.6E0 6.8E0 27EQ 1.6EQ 1.6E0

?Population doses within B0 km of the plant from a 100year exposure period
to environmental media concentrations resuiting from constant releases over one
year.

bProjected U.S. population from Bureau of Census, Series P-25 No. 704 [July
1977).

®To be read as 6.2 X 107,

Table 5.33. One-hundred-year environmental dose commitments {(EDC)? for a projected 1950
pogulation? from routine airborne reieases from the DWPF —staged afternative: coupled

Age group Dose per year of operation {man.rem)
and facility Total body Bane Thyroid Lungs Kidneys
Infant .
Sand filter stack® 6.1E-3¢ 21E-2 VIE-2 6.2E-3 B.1E-3
Regulated chemical facility 3.2E-5 J.2E-6 3.2E-H 3.2E-5 3.2E-5
Saltcrete plant 3.0E-5 30E-5 30E-5 3.0E-5 3.0E~-5
Child
Sand filter stack® 49€1 1.9E0 BAE—1 5.1E-1 51E—~1
Regulated chemical facility 44E4 44E-4 44E-4 44E-4  44E-4
Salterete plant 4284 42E4 4.2E-4 4.2E-4 4.2E-4
Teen
* Sand titter stack® 1.3E1 4.8E-1 2.0E-1 1.36-1 1.3E-1
Regulated chemical facility 1.9E—4 1.96-4 1.9E—4 1.9E-4 1.9E-4
Saltwcrete plant 1.8E—4 1.8E-4 1.8E—4 1.8BE-4 1.8E-4
Adult
Sand filter stack® 7.0E-1 2.6E0 1.2E0 6.9€E-1 70E-
Reguiated chemical facility 1.5E=-3 1.56-3 1.6E-~3 15E-3 1.65€E-3
Saltcrete plant 1.4E-3 14E-3 14E-3 14E-3 1.4E-3
Total 1,30 5.2E0 + 21EQ 1.3E0 1.4E0Q

“Population doses within B0 km of the plant from a 100-vear exposure period to environ-

mental media concentrations resuiting from constant releases over ane year.
”Proiected U.S. population from Bureau of Census, Series P-25 No. 704 (July 1977).
€Combined Stage 1 and Stage 2 operations.
YReadas 6.1 X 1072,
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Table 6.34. One-hundred-year environmental dose commitments {EDC)® to the
1990 popu_latinn of the continental Unitad States® from the airborne
redease of ritium and iodine-129 fram the DWPF

Dose per year of operation (man-rem)

Age group

Tatal body Bone Thyroid Kidneys

Stage 1
Infant 1.7E-6° 1.7E-6 4.6E-4 1.7E-6
Child 1.8BE-5 1.BE-5 49E-3 1BE-5
Teen 8.3E—-6 8.3E—6 23E-3 8.3E-6
Adult 7.7E-5 7.7E-5 21E-2 7.7E-5
Total 11E—4 1.1E—4 29E-2 1,1E-4

Coupled
tnfant 39E-5 3.9E-5 37E-4 3.9E--5
Child 424 424 3.9E-3 4.2E-4
Teen 1.9e—4 1.9—4 1.8E-3 1.9E—4
Adult 1.8E-3 1.86-3 1.7E-2 1.8E-3
Total 24E-3 24E-3 2.3E-2 24E-3

fpoputation doses from a 100-year exposure period to environmental media
concentrations resulting from constant releases over one year,

Pprojected U_S. population from Bureau of Census, Series P-25 No. 704 (Juty 19771,

Read a3 1.7 X 1078,

Table 5.35. One-hundred-year senvironmental doss
commitment (EDC)?* for a projected 1990 world
population®—routine releasss Irom the
DWPF: staged siternative vs all other sources

Dose per year of operation {man-rem}

Ragionuclide —_
h g 1 Existing
and orga tage Coupled background
3H (total body} 7.7E—4° 1.6E—-2 6.5E5
1294 {thyroid} 6.5E—1 4661 3.6E6

*Based on one-hundred-year exposure period to environmental
media concentrations resulting from constant releases Gver one year.
" byworld population figures based on United Nations report No.
56, UN Rep. ST/ESA/SER/A-56 {1974). Population assumed to be
made up entirely of adults.

“Read a5 7.7 X 1074,
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Table 5.36, Maximum 50-yaar dose commitment® to individuails from liquid effluents
of tha DWPF relessed into the Savannah River—staged
alternative icoupied)

Dase per year of operation {millirem}

Age group Aquatic pathways Total body Bone Thyroid Kidneys
Infant Imrmersion in water® 0.0 Q4Q 0.0 0.0
Ingestion of water® 956-3" 9.56-3 9.56-3 8.56-3
fngestion of fish? ¢.0 0.0 0.0 00
Total 9.56-3 9.5E-3 9.5E-3 9.5E—3
Child Immersion in water” 4.7E-14 5.4E-14 3.8E—14 4.1E~14
Ingestion of water® 9.56-3 9.8E-3 9.86-2 9.5E-3
ingestion of fish® 1.3E—4 1.3E-4 1,364 1.36—4
Total 95E-3 96E-3 9.58-3 9.6E-3
Teen Immersian in water? 4.7E~-14 5.4E-14 IBE-14 41E-14
Ingestion of water® 5.2E-3 52E-3 5.2E-3 B.26-3
Ingestion of Fish® 1564 1564 1.8E—4 1584
Total 54E-3 54E-3 5.4E-3 5.4E-3
Adult Immersion in water® 4.7E~14 B.4E—14 3.8E-14 4.1E-14
Ingestion of water® 7.36-3 7.3E-3 7.3E-3 7.3E-3
Ingestion of fisn® 21E—4 2.1E—4 2164 2.1E—4
Total 7.5E-3 756-3 75€-3 7.56-3

Internal doses are 50-year dose commitments for one year of radionuclide intake.

28ased on SWImming in the river far 1% of the year. Infant is astumed not to swim.

“Based on water intake {maximum values) of 330 L/year for “infant,”” 510 L/year for “child* and “teen,”
and 730 L/year for “aduit.”

9Based on fish consumption {maximum values} of 0.0 kg/year for “infant,” 6.9 kg/year for “chiid,” 16.0
kg/year for "teen,” and 21.0 kgfyear for “adulr.”

®Read as 9.5 X 1072,

Table 5.37. One-hundred-yaar environmental dose commitments
(EDC)Y* for a projected 1990 population from routine liguid
releases from tha DWPF ~stagad alternative {coupied)

Siagad al couUD

Dose per year of gperation {man-rem}

Age yroup Total body Bone Thyroid Kidneys
lnfant Q Q 0 0
Child 14E-20 1.4E-2 1.4E-2 1.46-2
Teen B4E-3 14E-2 B4E-3 8.4E-3
Adult 8.4E-2 BAE-2 8.4E-2 8.4E-2

Total 11E-1 1.1E- 1.1E--1 11E-1

#Poputation doses within B0 km of the plant trom a 100-yeat exposine poriod to
- environmental media concentrations resulting from constant releases ovel gne yea. No
irrigation or drinking water is taken from the viver withis this 80 km area.
bRead as 1.4 X 107 ¢
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Table 5.38. One-hundred-year environmental dose commitment
{EDC) to 1990—2020 populstion® from liquid
affluents of the DWPF released into the
Savannah River—staged alternative {couplad)

Dose per year of operation {man-rem)®

Point of usage Age g|rc>up"J Total body Bone Thyroid Kidneys
Beaufort-Jasper Infant 6.2~ 62E-3  62E-3  6.2E-3
Child 7.38-2 7.3e-2 7.3E-2 7.38-2

Teen 2.1E-2 2.1E-2 2.1E-2 2.1E-2

Adult 2.1E-1 2.1E-1 24E-1 21E-1

Port Wentworth Adult 21E-1 21E-1 21E-1 2.1E—1
Total S52E—1 5.2E-1 5.2E—-1 5.2E-1

#pgpulation usage is based upon the population average for the years 1990—2020 of
40,300 consumers for the Beaufort-Jasper supply and 29,200 {adults only) for the Port
Wentworth industrial complex.

"’Age distribution for the Beaufort-Jasper population is 1.6% for “infant.” 19.4%
*child,” 10% *“teen,”” and 68% “adult.”’

¢Dose includes doses from the pathways of ingestion of water and fish and immersion in
water. Water intake parameters (maximum values) are 260 L/year for “infant,” “child,” and
“reen” and 370 L/year for “adult.” Intakes of fish (maximum values) are 0.0 kg/year for
“infant,” 2.2 kg/year for '‘child,”” 5.2 kg/year for “teen” and 6.7 kg/year for "‘adult.”
Immersion in water {swimming) except for the “infant” is for 1% of the year.

9Read as 6.2 X 1073,

Radiation-induced health effects — routine operation of staged-design DWPF

The radiation-induced health effects that might be caused by a staged design DWPF are reported in
Appendix J.4.2 and summarized in Table J.8. The results are similar to those for the reference
design: 0.0003 predicted cancer deaths (range 0 to 0.001) and 0.0005 predicted genetic disorders
(range 0.0001 to 0.002) per year of operation. For the full 28-year operational life of the
facility the cancer risk is estimated at about 0.009 cancer death (0.009 probable, range O to
0.03) and about 0.01 genetic disorders (0.01 probable, range 0.003 to 0.06}. As with the refer-
ence design, risks of cancer death or genetic disorders from the staged design DWPF are
insignificant. :

5.4 SALT DISPOSAL
5.4.1 Introduction

fs noted in Sect. 3.1.1.7, a slightly radioactive salt solution is one of the processing effluents
of defense waste immobilization. The actinide radicactivity of this salt solution is about

0.4 nCi/g, which is less than that of uranium ore (0.25% uranium content). The main chemical
component in DWPF salt is NaNOi, which together with NaNO, accounts for approximately 53% by

{dry) weight. Mercury is the most chemically toxic trace constituent (4.4 x 107% g of mercury
per gram of salt}.

Environmentally, the most significant impacts resulting from the disposal of DWPF decontaminated
salt solution woulg be associated with the possible contamination of the groundwater of the
Barnwell Formation® and neighboring surface water systems. The following paragraphs evaluate the
impacts associated with the three disposal alternatives,

The reference alternative, described in Sect. 3.1, calls for land disposal by burial of saitcrete
at an intermediate depth in an engineered, landfill to be constructed in the Z-area (see Figs.
3.6, 3.7, and 3.8). The decontaminated satt solution will be mixed with Portland cement and
poured in place by conventional methods to form saltcrete monoliths.

Disposal of decontaminated salt in Type III Waste Storage Tanks as saltcake or saltcrete is
described in Sect. 3.4. As noted there, tank storage of saltcake is not perceived to be the
final deposition of the decontaminated salt solution. Further, due to corrosion of the tanks and
water infiltration, the potential long-term environmental consequences from saltcake disposal in

*- " L s -~ - - a =k RA_ 2 = 2 L L 1
Some downward movement of salt into the McBean aquifer will occur. This wiil tend to
reduce the concentration buildup calculated for the Barnwell aquifer.
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tanks are unacceptable because sodium hydroxide, mercury, nitrate, and nitrite might contaminate .
SRP surface streams and groundwater.?? The dispasal of salterete in Type 111 tanks?® affords a

similar degree of environmental protection at substantially increased costs compared with salt-

crete burial in an engineered landfill.

5.4.2 Engineered landfill disposal

Analysis of the 1andfill design shows that water that enters the engineered landfill as infil-
tration will become contamirnated by permeating the saltcrete monoliths in the following manner.

A small amount of the total rainfall on the burial site will enter the contaimment system by
permeating through the clay cap. Once inside the landfill, some of this water wil) migrate
downward through the saltcrete monoliths, dissolving salt from the saltcrete. The salt solutiaon
and associated radionuclides, after permeating the monolith, will pass through the basal clay
liner and enter the groundwater.

The primary drinking water standard for nitrate, expressed as nitrogen {N}, is 10 ppm; the toxicity
for nitrite is about 10-fold higher and the design limit for the nitrate/nitrite combination in DWPF
salt is about 2.7 ppm {N). The calculations of the radionuclide concentrations in the groundwater
1,{ at the boundary of the saltcrete Tandfill (Table 5.39) were based on the conservative assumption
9,] that the radionuclides would leach from the Tandfill at the same relative rates as sodium nitrate
and sodium nitrite. The landfil) design criterion is to 1imit the nitrate/nitrite to 2.7 ppm.
-37|Research is underway to develop a disposal system that will meet all radicactive and nonradicactive
requirements. Preliminary calculations show concentrations of mercury in the groundwater to be
less than 10% of the safe drinking water limit standard (0.002 ppm). These caleculations were *

based on leach data from saltcrete samples made from both actual and simulated OWPF salt solutions.

Once in the groundwater, N, Hg, '?%I, and other species having no potential for retardation by
ion exchange {i.e., K, = 0} move with the groundwater at its flow rate. Laboratory and field
tests show that groungwater velocities are likely to be less than 12 m/year between the base of
the landfill and an unnamed tributary of Upper Three Runs Creek, the nearest point of discharge.
Because this creek is approximately 300 m distant, the groundwater travel time through the
Barnwell Formation would be about 25 years. Table 5.39 lists the concentrations of the radio-
active constituents entering the groundwater at the boundary of the engineered, secure landfill
after its closure. These concentrations are not corrected for radioactive decay subsequent to
placement of the saltcrete in the landfill. Table 5.39 also shows concentrations of radionuclides -
in the groundwater outfall® as it enters the tributary to Upper Three Runs Creek. These latter
concentrations have been corrected for radioactive decay during the period of groundwater trans-
port. Maximum groundwater concentrations and annual releases to the surface stream are given
below for N, Hg, and total salt.

Maximum groundwater Max imum guantity
Species concentration discharged per year
{ppm) (kq)
Nitrogen 2.7 1.6 x 102
Mercury <(.002 1.2 x 107}
Salt 29 1.7 x 10°

Maximum doses would occur from releases of radionuclides that migrated through the soil at the
same rate as the groundwater {K, = 0). Based on an annual river flow of 8,9 x 10° m®, the related
individual dose commitments are eresented in Table 5.40, The maximum individual) dose commitments
are approximately a factor of 107 less than received from natural background radiation. The
100-year total body dose commitment to the local population is expected to be about 0.001 man-
rem, as shown in Table 5.41.

The EOCs from the salt disposal area are lower than those from the reference DWPF by a factor of
4000. The resulting health effects from salt dispesal will also be Tower by a factor of 4000.

* .

TE| Extraction procedure tests are being performed on salterete. Preliminary results indicate
thal saltcrete is not a hazardous waste and that the mercury is bound in the concrete. Leachability
of Eercurytw typically a factor of 300 to 1000 less than that of a material that is not bound, .
such as nitrite,

"The outfall is estimated to consist of 5.9 x 10* m® of groundwater that is discharged from
beneath the landfill each year. The transit time for this groundwater to reach the outcrop is
estimated to be 25 years, .

{
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Table 5.39. Radlonuclide concentration at the boundary of the landlill and discharge quantities
{o the Savannah River (corresponding to 2.7 ppm N In the groundwater)

Maximum Transit time Maximum’

Concentration concentration lon from burial site release

Nuclide

in saltcrete in groundwater? exc:(\ange to outtant® to Savannah River

(mCi'g) (CL} Ka) (years) [CV/year)
H 2.0E1 3BE-9 0 2.5E1 5.4E-2
5 Ni <19E-4 <3.7E-14 c 25E1 2.1E-6 |
62 Nj <19E-2 3.7E-12 c 2,561 21E-4 J-9
"*5e 7.0E-2 14E-11 c 2.5E1 8.0E-4
WS 2.9E-1 5.6E-11 1.0E2 1.0E4 0
2Zr 1.8E-2 3.5E-12 ¢ 2.5E1 2.0E-4
*%Tc 1.9E1 3.7E-9 c 2.5E1 2.1E-1
wpg 4.TE-3 9.1E-13 c 2.5E1 5.4E-5
MmGn 2.9E-3 54E-13 c 2.5E1 2.2E-5
1288 n 1.5E-3 2.9E-13 c 2 5E1 1.7E-5
29 7.3E-2 1.4E-11 c 2.5E1t 8 2E-4
*Cs B.0E-5 1.2E-14 7.3E2 7.3E4 7.0E-7
s 1.5E1 2.9E-9 7.3E2 7.3E4 o
WPm 1.6E0 3.1E-10 [+ 2.5E1 2.4E-5
1915m 2.261 4 3E-9 ¢ 2.5E1 2.0E-1
22} 6.7E-5 1.3E-14 6.0E1 B6.0E3 0
Yy 3.6E-4 7.0E-14 6.0E1 6.0E3 4.0E-B
28 1.1E-% 2.1e-15 6.0E1 6.0E3 1.2E-7
<8 2.9E-6 5.6E-16 6.0E1 68.0E3 3.3E-8
A'Np 8.BE-5 1.7E-14 6.0E2 B.0E3 1.0E-6
2Py 7.7E-2 1.5E-11 1.4E3 1.4E5 . 1]
WPy 7.8E-4 1.5E-13 1.4E3 1.4E5 1.56-7
uepyy 4.9E-4 9.5E-14 1.4E3 1.4E5 23E-12
wipy 5.BE-2 1.1€-11 1.4E3 1.4E5 0
Wpy 6.6E-7 1.3E-16 1.4E3 1.4E5 5.9E-9
*Am 2.1E-1 4.1E-11 1.0E3 1.0ES 0
u42mAm 1.4E-4 2.7E-14 1.0E3 1.0E5 0
23Am 5.7E-5 1.1E-14 1.0E3 1.0E5 5.4E-1%
MCm 4.3E-5 8.5E-15 1.0E3 1.0ES 0
24Cm 1.1E-3 2.1E-13 1.0E3 1.0E5 0
#Cm 6.6E-8 1.3E-17 1.0E3 1.DE5 . 2.2E-13
“Cm 5.2€-9 1.0E-18 1.0E3 i.0E5 2.5e-17
“Cm 6.4E-15 t.2E-24 1.0E3 1.0E5 7.0E-17
»om 6.7E-15 1.3E-24 1.0E3 3.0ES 6.2E-17

M aximum conceniration associated with 2.7 pom N.
b Transit time to Upper Three Runs Creek and the Savannah River.
¢value unknown; K4 assumed to be Q.

The DWPF decontaminated salt fixed in saltcrete and buried in an engineered Tandfill results

in exposures to an individual from well-water {groundwater) consumption of less than 0.1 millirem/[J-11
year when the nitrogen concentration is 2.7 ppm. This value is less than 0.4% of the dose rate

1imit currently being proposed by NRC for incorporation into 10CFRE1, which regulates the dis- &
posal of commercial low-level radioactive wastes. 25 14-38

5.4.3 Dose commitment to intruders

Reference 25 indicates that 10 CFR 61 will require low-level waste repositories to be designed so
that the waste will not present an undue risk to an intruder into the disposal site, assuming
secondary controls are maintained for 500 years after closure and limited controlled access is
maintained for 100 years. The saltcrete disposal technology presented here appears not to subject
the hypothetical intruder to undue risk.

5.5.1 Construction accidents

Construction accidents affecting the safety of the construction workers were discussed in Sect,
5.1.1.2.

Construction accidents having ecological consequences are primarily spills of oil, gasoline, and
diesel fuel. Spills of these types would be relatively small and localized and are not expected
to have significant ecological consequences. The SRP Spill Prevention Control and Contingency

Plan will be used to minimize these types of accidents. In case of an oil or hazardous substance
spill corrective action will be taken to protect personnel and to contain and clean up the spill.
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Table 5.40. Maximum 50-year dose commitments? to individuals

fram the leaching of radionuclides to the Savannah River vis ground

watar from the saltcrete burial facility of the DWPF

Age Aquatic Dose {millirem}
aroup pathways Tota! body Bone Thyroid  Kidneys
Infant Immersion in water? Qg cQ 00 0.0
Ingestion of water® 5.0E—-6* 1.8E-5 43E-4 94E_5
ingestion of fish? 0.0 0.0 0.0 ad
Total 5.0E—6 1.8BE-5 43E—4 94E_5
Child Immersion in water 1.2E-10 1.9E-10 12E-10 5.1E-10
Ingestion of water 4,0E—6 1.8E-5 26E~4 8EE-5
Ingestion of fish 1.4E—6 2.2E-5 56E-5 19E-5
Total 5.4E—6 4.0E -5 3.2E-4 1.0E—-4
Teen Immersion in water 1.2E—-10 1.9E-10 1.2E-10 5.1E-10
Ingestion of water 1.6E-—6 3DE-6 2.3E-4 42E-5
Ingestion of fish 1,2E-6 1.6E-5§ 1.0E—4 2(0E—5
Total 28E—6 1.9E~6  33E-4 B.2E—5
Adult Immersion in water 1.2E-10 t8E-10 1.2E—10 S.1E-10
Ingestion of water 21E—8 6.9E—6 4964 4.3E-5
Ingestion of fish 1.2E—6 1.56-5 21E4 20E-5
Total 3.3E-6 2.2E-§ JOE4 B.3E-5

Tinternal doses are 50-year dose commitments for one year of radionuclide intake.

®Rased on swimming in the river for 1% of the year, except 0% for "infant.”

“Based on water Intake of 300 L/year of “infant, 510 L/year for “child” and “teen,”
and 730 L/vear for “adult” {from Reg. Guide 1,109),

"Baseddon fish consumption of 0.0 kg/year for "infant,"” 6.9 kg/year for “child,”

16.0 kg/year for “teen,” and 21.0 kg/year for “adult” {from Reg. Guide 1.109).

®Read as 5.0 X 107°.

Table 5.41. One-hundred-year anvironmental doss
commitmeants® for a projected 2025 poputation” from the
leaching of radionuciides from the saltcrate burial facility
to the Savannah River

Age Dose per year of operation {man-rem)®
group  Total hody Bone Thyroid Kidneys
Infant 5.1E-57 21E—4 44€-3  92E—4
Child 3.8E-4 2.36-3 24E-2 7.6E-3
Teen 7.7E-5 5.2E—4 10€E-2 18€E-3
Adult 7.1E-4 4.2E-3 1.6E-1 14E-2
Total 1.2E-3 7.2e-3 20— 2AE-2

. ?Population dose within 80 km of the plant from a 100-year
exposure period to environmental media caoncentrations resuiting
from consiant releases over 1 year. Releases fram the saltcrete

burial facility will continue into the future; refaases from the

processing facilities cease when operations end,

?Based on projection of population growth for area equal to
that for U.8, in general (see Bureau of Census, Series P-25 No.
F04, 1977}, Within 80 km the "'infant” population is estimated
to be 11,872; “child,” 154,064: 'teen,” 66,272; *adult,”
502,878

“Based on water and fish intake for the average individual
within the appropriate age group (see Reg. Guide 1,109) and
swimming in the river for 1% of the year,

“Read as 5.1 X 1075,

J-9

J-3
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5.5.2 Operational accidents

The Department of Energy and the du Pont Cempany, DOE's prime contractor for the SRP,_ have a firm
policy that gives strongest emphasis to proper design, construction, and safe operation of facil-
ities. The DWPF will be designed and constructed to mitigate the occurrence and consequences of
accidents. Operation of the DWPF will be carried out in acccrdance.wjth procedyres developed TC
to minimize the possibility, number, and severity of accidents and injuries.

5.5.2.1 Nonradiological accidents

Nonradiological operational accidents having ecological consequences are primarily fires, chemical
spiils, and ash basin failure. Depending on the area burned and the fire intensity, wildfire

will have varying ecological effect. Wildfire is anticipated to be controlled quickly and to
have Tittle ecological effect, Spills in chemical unloading and handling areas will be contained
by curbing, collected, and treated; thus, these spilis should have no significant ecological
consequences. Ash basin failure could result in significant degradation to the unnamed tributary
nearby and downstream in Upper Three Runs Creek if a large portion of its contents escape. Local
aquatic biota could experience high rates of mortality as a result of the Tow pH and relatively
high concentrations of some heavy metals in ash basin waters (see Table 5.4). Impacts on the
Savannah River are expected to be small due to dilution.

5.5.2.2 Accidents involving releases of radigactivity

Occasionally, minor incidents will occur during plant operation because of operator error or
faiijure of a piant component or system. Such evenis will resuit in the release of Tittie or no
radigactivity to the environment and are, therefore, not discussed in this report,

Major accidents are those postulated events in which significant amounts of radipactive materials
could be released into the environment; accidents in this category are discussed in Appendix L,
and the impacts are summarized in this section. Most of these accidents would have minor effects
on the environment; however, a few accidents may have a substantial impact.

In the postulated accidents, radionuclides are released into the environment through the DWPF
stack. The 99 radionuciides that could be released from the DWPF for each accident were evaluated
based on the product of the inhalation dose conversion factor and the source term, and the most
significant radionuclides by dose contribution were tabulated. For each of the postulated acci-
dents, 50-year dose commitments from inhalation and doses from external exposure to the total
body, bone, lungs, and thyroid of the maximally exposed individual from the released radionuclides
were computed using the AIRDOS-EPA computer code and are presented later in this section.

The details of source terms and dose calculations for the reference (and delayed) and staged
alternatives are presented in Appendix L. Two sets of postulated accidents have been analyzed:
nine for the reference alternative and ten for the staged alternative. Many of the accidents are
similar for the reference and staged alternatives. However, differences between the two alterna-
tives result in different source terms and potential impacts.

The source terms calculated for the postulated accidents are small. The largest single release
was calculated to be 0.12 Ci of cesium-137 from the burning of the cesium {on exchange material
{reference alternative). Most other source terms are many orders of magnitude lower than this.
For those accidents that could occur in both the reference and staged alternatives, the source
terms for the staged alternative were slightly higher than those for the reference alternative
because of minor differences in assumed component design and operation.

Radiation doses from accidenta) releases of radionuclides

Radiation doses to man were calculated for each of the postulated accidents. Fifty-year dose
commitments to the maximally exposed individual located approximately 9.2 km downwind of the
process building on the nearest road accessible to the public are presented in Tables 5.42 and
5.43 for the reference- as well as staged-design operations. The 9.2 km jocation was sejected to
provide a conservative (high) estimate of maximum accident doses. Even the doses calculated with
the conservative assumption are very low. Maximum dose is obtained using atmospheric dispersion
values determined from onsite metegrological data at the 50% probability level.

Doses were estimated for radionuclide releases from the ventilation stack of the process building
by the AIRDOS-EPA computer code.2® A1l radionuclides were assumed to be released to the environ-
ment from an B4-m stack in the reference design-and from a 43-m stack in the staged design
alternative. Doses were calculated for total body, bone, lungs, and the thyroid for four age
groups: infant, child, teen, and adult.
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Table 5.42. Fifty-year dose commitments to the maximally exposed individual? from potential accidents)

releases of radionuciides to the atmosphere"—rnfarence alternative

Dose commitments {millicem)¢ Mago'r °°m,"bm'°" Emma?‘,'d
Age radionuclides to probability
Accident description group  Total body Bone Lungs Thyroid total-body dose per year
1. Failure of centrifuge Infant 6.46-9¢ 4.5E-8 2.4E-9 8.BE-8 ] (55%), #*'Pu {11%) 1E-3
suspension system Child 7.56-9 B.9E-8 1.4E-3 97E-B  “Sr(5%), 'H (24%)
Teen 7.BE-9 1.1E-7 1.5E-8 1.7€-7 (s (3%)
Adult 7.8€-9 1.0€-7 1168 2.5E-7
2. Eructation of the Infant 2.0E-9 1.2E-3 2.1E-9 1.6E-9 H (22%), ' (13%) 1E-2
process sand filters Child 2.1E-9 1.3E9 2.3E-9 1.7E-9 s 112%). *'Cs (51%)
Teen 2.3E-9 1.3E-9 2.5E-9 2.9e-9
Adult 2.3E-9 2.3e-9 2.3E9 4.0E-9
3. Burning of process Infant 1.2E-3 3.2E-3 3.6E-3 1.2E-3 '"Ru (468%}, '*Cs (10%) 1E-2
sand filter material Child 1.26-3 3.38-3 4.0E-3 1.26-3 Cs 143%)
Teen 1.2E-3 3.4E-3 4,2E-3 1.3E-3
Adult 1.2E-3 3.3E-3 3.2E-3 1.36-3
4, Explosion in the Infant 1.4E-7 5.3E-7 1.2E-7 2.4E-6 9 {91%), V'Cs (5% 3E-2
recycle evaporator Child 1.4E-7 5.8E-7 1.3E-7 2,788
Teen 1.4E-7 6.46-7 1.3€-7 4,8E-6
Adult 1.5€-7 6.1E-7 1.3e-7 7.26-6
6. Burning of cesium Infant 7.2E-4 1.4E-3 1.7E-4 6.BE-4 'Cs {16%), 'Y'Cs {82%) 1E-2
ion-exchange material Child 7.2E-4 1.5E-3 1.7€-4 §.6t-4 Py 3%)
Teen 7.2E-4 1.8E-3 1.7E-4 7.2E-4
Adult 7.2E-4 1.5E-3 1.76-4 7.26-4
6. Burning of strontium Infant 3.5E-6 1.1E-4 2.1E-5 3.9E-8 *Sr (100%) 1€-2
ion-exchange material  Child 8.7e-6 2.6E-4 295 9.7€-8
Teen 8.7E-6 2.9E-4 3.1E-5 9.7E-6
Aduit 7.9E-6 2.6E-4 1.8E-5 B.BE-§
7. Breach of calciner infant 7.4€-3 1.1E1 2.0E-2 6.9E-3 "'Cs (2%), "“Pr (2%) 3E-5
by explosion Child 9.3E-3 2.6E-1 2.86-2 9.3€-3 Py (63%), "°Sr (29%)
Teen 9.9E-3 3.2E1 3.0E-2 1.0E-2
Aduit 9.3E-3 2.9€-1 2.28-2 9.3e-3
8. Steam explosion in infant 4.1E-4 5.3E-3 1.7€-3 3.8E-4 Cs (20%), '"'Cs {39%) 3E-56
a glass melter Child 5.2E-4 1.2E-2 2.3E-3 5.1E-4 "EW {13%)
Tean 5.2E-4 1.4€-2 2.5€-3 5.4E-4 WPy (24%)
Adult 5.2E-4 1.4E-2 1.6E-3 5.1€-4
9. Breach of waste infant 1.76-8 2.7E-5 5.1E-8 1.7E-6 Sr (20%), "**Pr (2%} 2E-4
canister Child 2.1E-6 5.9E-5 6.9E-8 2.28-6 1Cs (2%)
Teen 2.2E-6 7.1E-5 7.5€-6 2.3E-8 2Py {62%)
Adult 2.2E-6 6.8E-5 5.1E-6 2.2E-8

#The maximally exposed individual is located approximatety 9.2 km downwind from the effluent; ingestion pathway is not considerad
tor doses from accidental releases. )

DAl releases wera from exhaust stack; height 84 m, diameter 5.5 m, and effluent velocity 14 m/s.

“Dases were calculated based on x/q values determined from onsite meteorological data at the 50% probability level
(NRC Reg. Guide 4.2 Rev. 1).

9Read as 6.4 x 10~

In general, doses in the staged alternative are higher than the doses in the reference alternative.

gowgver, the maximum dose in the staged design is less than the maximum dose in the reference
esign,

Dose by organ. In five out of nine accidents analyzed for the reference design, the dose to the
bone was predicted to be higher than the doses to the lung, thyroid, or total body. In three of
the remaining four accidents, the dose to the thyroid was predicted to be higher than the doses
to other organs and the total body. In only one accident, predicted tung dose was higher than
the dose to other organs and the total body. .For the staged alternative, the bone dose was

predicted to be higher than the doses received by lung, thyroid, or the total body for all but
one vostulated accident,
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Table 5.43. Fifty-year dose commitments to the maximally exposed individual? from potential accidental

releases of radionuclides to the atmosphere’ —staged alternative

o itments (millirem)c Major contributing Estimated
Age ose cammitments (mit radionuclides to adult probability
Accident description group  Total body Bone Lungs Thyroid total-bedy dose per year
Stage 1
1. Spiil from slurry Infant 1.2E-5¢ 1.6E-4 5.8€-5 5.9E-5 "Sr (12%), 'Ru (47%) 2E-2
receipt tank Child 1.5E-5 3.3E-4 7.3E-5 1.3E-4 129 (16%), **Pu (26%}
{uncoupled operation)d  Teen 1.6E5 4.3E-4 8.3E-5 1.1E-4
Adult 1.6E-5 4.0E-4 5.3E-5 1.5E-4
2 . Eructation in slurry Infant 2.7E-3 4,3E-2 9.6E-3 2.7E-3 Sr (30%), '*'Cs {2%) 3E-2
mix evaporator Child 3.9€-3 1.0E-1 1.3E-2 3.78-3 Py (649, Pr {3%)
{coupled operation}?  Teen 4.2E-3 1.3€-1 1.5€-2 4.1E-3
Adult 3.9E-3 1.26-1 9.6E-3 4.1E-3
3. Spili from melter Infant 3.3E-6 3.3E-6 1.2E-5 1.1E-5 "Gy (8%), '*'Ru (35%) 2E-2
feed tank (coupled Chiid 4.0E-8 6.9E-6 1.5E-5 1.2E-5 19 (10%), *Y'Cs (27%)
operation) Teen 4.2E-6 8.56E-6 1.7€-5 2.0E-5 WPy (19%)
Adult 4.2E-6 8.1E-6 1.1E-5 2.8E-5
4. Explosion of liquid Infant 1.6€-3 2.8E-2 5.6E-3 1.5E-3 *Sr {15%), ""Cs (48%! 3E-5
fed glass melter Child 2.3E-3 6.4E-2 7.8€-3 2.3E-3 0Py {34%)
{coupled operation} Teen 2.4E-3 7.4E-2 8.4E-3 2.4E-3
Adult 2.4E-3 7.4E-2 5.6E-3 2.4E-3
5. Canister rupture Infant 5.0E-6 8.1E-5 1.7E-5 4.5E-6 "Sr (16%}, 'Cs (48%) 2E-4
tuncoupled operation} Child 6.6E-6 2.0E-4 2.4E-5 6.5E-6
Teen 7.0E-6 2.4E-4 2.6E-5 7.3E-6
Adult 7.0E-8 2.3E-4 1.7E-6 6.9E-6
Stage 2
6. Fire in cesium Infant 3.9E-2 9.4E-2 5.4E-2 3.5E-2 #1Cs {99%} 1E-2
ion-exchange Child 3.9€-2 9.7€-2 5.4E-2 3.5E-2
Teen 4.0E-2 9.7E-2 5.4E-2 3.6E-2
Adult 4,0E-2 9.7E-2 5.4E-2 3.5E-2
7. Fire in strontium Infant 9.0E-8 2.8E-4 6.8E-5 1.0E-5 *Sr {100%) 1£-2
ion exchange " Child 2.2E-5 7.0E-4 7.7E-5 2.5E-5
Teen 2.4E-5 7.4E-4 8.5E-5 2.76-5
Adult 2.1E-5 6.7E-4 5.0E-5 2.4E-5
8. Burning of sand Infant 3.06-3 9.0E-3 1.3E-3 2.8E-3 31Cs {98%), *Pu (2%) 1E-2
fiitar materiai Child 3.1E3 1.2E-2 4.4€-3 . 2.8E3
Teen 3.1E-3 1.3E-2 4.6E-3 2.98-3 :
Adult 3.1E-3 1.3E-2 4.4€-3 2.96.3
9, Eructation of Infant 1.1E-4 3.3E-3 6.8E-4 1.28-4 wSr (~100%) 3E-2
strontium Child 2.6E-4 7.98-3 8.95-4 2.9E-4
concentrator Teen 2.6E-4 8.4E-3 1.0E-3 2.9E-4
Adult 2.5E-4 7.9€-3 6.0E-4 2.8E-4
10. Eructation of cesium  Infant 2.4E-2 5.7E-2 3.2E-2 2.0E-2 Y1Cs (999%) 3E-2
concentrator Chitd 2.4E-2 5.7E-2 3.2E-2 2.0E-2
Teen 2.4E.2 5.7€-2 3.2€.2 2.0E-2
Adult - 2.4E-2 §.7E-2 3.2E-2 2.0e-2

3The maximally exposed individual is located approximately 9.2 km downwind from the effluent; ingestion pathway is not considered
for dosas from accidental reteases.

bay releases ware from exhaust stack; height 42.7 m, diameter 3.7 m, and effluent velocity 18.1 m/s.

CDoses were calculated based on x/q values determined from onsite meteorological data at the 50% probability level
{NRC Reg. Guide 4.2 Rev. 1).

dUncoupIed operation is stage 1 process only; coupled operation includes stage 1 and stage 2 processes combined.

®Read as 1.2x 10
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Dose by age group. In general, teen and adult groups would receive higher deoses than the infant
and child age groups in the reference as well as staged alternative,

In reference-design operation, bone dose to the teenage group was higher than bone dose to aduits
in six of the nine accidents. In two accidents, teen and adult age groups received the same bone
dose, and in one accident, the adult group received a higher bone dose than the teenage group.
For the staged-design alternative, bone dose to the teenage group was higher than the bone dose
to the adult group in seven of the ten accidents. In three accidents, teen and adult age groups
received the same bone dose. For this reason, the discussion of impacts focuses on bone dose to
the teenage group for all accidents in the reference as well as staged alternative.

Dose by accident. Among all potential accidents analyzed for the reference design, the maximum
dose iiable 5.42) would result from an explosion in the calciner. For this postulated accident,
the largest dose would be 0.32 millirem to the bone of a maximally exposed teenager. In the case
of the staged alternative, the highest dose would be 0.13 millirem, resulting from an eructation
of the slurry-mix evaporator (Table 5,43).

The accident involving steam explasion in the glass melter would deliver the second highest
dose in the reference alternative, whereas the postulated accident involving fire in the cesium
ion exchange material would deliver the second highest dose in the staged alternative. In the
case of reference design, the dose was 0.14 millirem, and in the case of staged design, it was
0.097 millirem to the bone of a teenager. The consequences of a steam explosion in the liquid-
fed glass melter would also deliver doses comparable to those from a fire in the cesium ion
exchanger, Other accidents analyzed would yield much smaller maximum doses.

Impact of radiation doses to individuals As discussed above, the highest indi

LA MG P LS P ity [

« e
rece1ved from an accident at the ODWPF is calculated to be 0.32 millivem. (Fo
accidents, the doses would be much smalier.} The predicted maximum bone dose is nearly two
orders of magnitude less than the individual internal dose of 18 to 24 millirems per year
received from natural terrestrial radiation by all individuals. By comparison, the average
external 1nd1v1dua1 dgge received by the airplane-travelling public is about 4 millirems per

P . T TI Y oo
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Because the probability of a major accident at the DWPF {5 small, the chance that an individual
would receive even 0.32 millirem is remote. Therefore, the impact of the postulated DWPF acci-
dents on human health is expected to be extreme]y sma]l for either the reference or staged
alternative,

5.5.3 Impacts resulting from transportation accidents invelving reference waste

5.5.3.1 MNonradiological impacts

Nonradiclogical transportation accident impacts were calculated for two categories, injuries and
fatalities. The risks of these impacts were calculated using accident probabilities for truck
and rail, probabilities of injury and death if an accident occurs, and the number of kilometers
travel\ed annually. The expected values are about one to two injuries per year of shipment and
about one fatality for every ten years of shipment as shown in Table 5.44.  Further discussion
on these impacts i5 included in Appendix D.

Table 5.48. Expected nonradiological injuries and fatalities
per year from transportation accidents

Shipment Injuries Fatalities
case Rait  Truck Total Rail  Truck Total
1 1.2 0.0 1.2 0.09 0.2 0.09
2 0.9 0.7 1.6 0.07 0.03 0.10
3 0.4 1.5 1.9 0:.03 0.08 011t
4 0.0 2.2 2.2 0.0 0.12 0,12
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5.5.3.2 Radiological impacts

Two types of transportation accidents were considered: (1) a particulate release accident,
wherein the shipping cask is subjected to severe impact and fire, and some of its contents are
released into the environment, and (2) a loss-of-shielding accident, wherein the cask experienced
severe impact and developed cracks, allowing increased gamma radiation to escape but allowing no
particulate release.

In both accident cases, exposure was calculated for an individual standing 30 m from the cask
for 0.1 h. In the particulate-release case, calculations are done for three age groups: adult,
child, and infant. Two exposure pathways are considered, exposure from inhalation of released
particulates and exposure to gamma radiation from particulates settled on the ground, called
groundshine, Table 5.45 shows exposures that could occur in the event of the aforementioned
accidents, and these do not exceed 10 millirems per accident. Table 5.46 shows expected values
that represent the annual risk of accidental exposure are very low.

A more detailed discussion of the methodology, assumptions, and models used for these calcula-
tions is included in Appendix D.

Table 5.45. Accident q maximum individual exposure resuiting from partial loss
of contents or loss of shielding, in millirem

Release Exposure?®
Type of accident (Ci} Infant Child Aduit
Raif Truck Rail Truck Rail Truck Rail Truck

Loss of contents
Groundshine 9.4€E-1 19E-1  7.5E0 1.5E0 5.5E0 1.1E0 4.0E0 8.0E-1
Inhalation 16E-4 32E-5 25E-3 49E-4 53E-3 1.1E-3 35E-3 GB.9E—4
Loss of shielding” 7.8E0 1.8E0

2For reference, the maximum individual exposure to average background radiation in the United States
is approximately 170 millirems per year.
£Gamma exposure only.

Table 5.46. Annual risk to maximum individual {millirem) from postulated accident

Particulate release

\ Loss of shieldi
Shipment Adult Child Infant e
case Rail Truck
F_Iail Truck Rail Truck Rail Truck .
1 37E~6 00 49E-6 00 67E-6 0.0 35E-3 00
2 26E-6  9.2E-7 34E-6 1.3E-6 47E-6 t.7E—6 24E-3 1.9E-3
3 1.1E-6 2.2E-6 1.5E-6 3.9E-B 20E-6 4.0E-6 1.0E-3 ZBE-3
4 0.0 . 31E-6 0.0 4.3E-6 0o 5.BE—6 0.0 6.1E-3

5.6 UNAVOIDABLE ADVERSE ENVIRONMENTAL EFFECTS

Measures to mitigate potential envircnmental impacts include an effective quality assurance pro- |TC
gram and administrative controls as well as engineered systems. These measures will alleviate
some of the adverse environmental effects caused by construction and cperation. However, certain

sk b PR -ff...-.l.- praey :

probable adverse effects on the environment cannot be avoided regardless of which alternative
is chosen. These unavoidable effects are discussed in this section. In evaluating possible
adverse effects, it should be noted that construction and normal operations will be in compliance

with applicable Federal, state, and local laws and regulations.

5.6.1 Construction

The impacts of construction will be Tike those of other Targe industrial projects. They include
increased noise levels near the site, increased air pollution caused by earth-moving and vehicular
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activity, and the disruption of existing land uses on the site and along new road and utility
rights-of-way.

Apnrcmmatelv 140 ha, including a carolina bay, will be removed from wildlife habitat during
construction. A1though animals will lose some habitat, the Tosses will be insignificant because
extensive areas of similar habitat exist throughout the site region. A loss of individuals of
the more sedentary species (e.g., rodents, lizards) during construction will have an insignifi-
cant impact on the population of these species in the area.

The influx of construction workers may exceed Barnwell County's available hausing, particulariy
multifamily units. The primary impact is predicted to occur in Barnwell City, with a 10%
shortfall of multifamily units. Additionally, during the peak construction pericd, local wage
rates and retail prices will increase. It is likely that increases in local tax revenues will
not fully offset the increased demands for government services caused by the influx of censtruc-
tion workers,

The impacis caused by construction of the reference immobilization aiternative and staged process
alternative are summarized in Tables 5.47 and 5.48. A comparison of impacts for the three
alternatives is given in Sect. 5.9 and Table 3.1.

5.6.2 QOperation

During the operation phase, approximately 80 ha of land will remain unavailable for wildlife
habitat. The impacts of this removal are discussed in Sect. 5.1.2.2.

------ A

Unavoidable radiation exposures will include occupationa) exposures and exposures to the general
population. The occupational and public exposures are discussed in Sects. 5.1.2.3, 5.2.2.2, and
.3.2.3. Al] the offsite exposures are very small compared to those from natural radiation.

Inavoidable nonnuclear events include occupational lost-workday injuries and fatalities during
construction and operation ¢f new facilities. On a statistical basis, these events can be
expected to occur; however, the trend of industrial accident rates has been downward, which
indic?tes that safety programs will have the effect of causing some avoidance of expected
casualties.

The unavoidable adverse impacts caused by operation of the reference immobilization alternative

and the staged process alternative are summarized in Tables 5.49 and 5.50. A comparison of
impacts for the three alternatives is given im Sect. 5.9 and Table 3.1.

5.7 IRREVERSIBLE AND/OR IRRETRIEVABLE COMMITMENTS OF RESQOURCES

Numerous resources are used in constructing and operating major plant facilities. Some of the
resgurce commitments are irreversible and irretrievable, Irreversible commitments are changes

set in motion which, at some later time, could not be altered to restore the present order of
environmental resources. Irretrievable commitments are the use or consumption of resources that
are neither renewable nor recoverable for subsequent utilization. Generally, resources that may
be irreversibly or irretrievably committed by construction and operation of facilities for any

of the aiternative plans are (1) biota destroyed in the vicinity, (2) construction materiais

that cannot be recovered and recycled, (3) materials that become contaminated with radionuclides
and cannot be decontaminated for recycle, (4) materials consumed or reduced to unrecoverable
forms of waste, and (5) land areas rendered unfit for their preconstruct1on uses and/for potential
postconstruction uses. '

Implementation of any of the alternative plans would involve construction activities on less

than 0.1% of the land on the. Savannah River plant site. Although there would be an irretrievabile
loss of a previously disturbed carolina bay and of some individuals of the site biota during
construction of facilities for any alternative, minimal adverse affects would be expected on the
structure or stability of the pIant and animal populations inhabiting the plant site. The

primary resource commitments are shown in Table 5.51.

For each alternative, the facility construction would be similar to the two chemical separation
facilities currently in use at SRP. At the end of the useful life of the waste immobilization
facility, it would have to be decommissioned. It is expected that decommissioning the waste
1mmob111zat1un facility would require about the same degree of effort as decommissioning one of
the chemical separation facilities, and it will be addressed in the environmental review for the
D3D of the SRP. D&D was discussed in Sect. 3.1.8.

Most of the disturbed area will be restored to its original contours, reseeded, and permitted to
revert to its natural state after plant decommissioning.
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Table 6.47. Impacts from construction of the reference immobilization DWPF

Issue Impacta Section
Sociveconomic effects
DWPF and Vogtle® Work-force population will increase with a consequent increase in E11.1, 59
construction on required public services. DWPF employment increases will coincide H1, K1
scheduie with Vogtla decreases®
DWPF construction Work-force demand for Vogtle and DWPF construction will peak simul- 56, 59, HZ
on schedule and tanecusly requiring more in-movers and greater demands on public
Vogtle delayed sorvices and housing. Minor impacts will be distributed over a large
2 years six-county area. Possible significant impacts expected only in services
for one county and may require mitigation.
Heaith risk to workforce
Nonradiotogical Risks will ba similar to those for nonradiological industrial plant con- 51.1.2 551
struction. Safety procedures will be enforced during construction.
Radiclogical Construction workers will be exposed to SRP background-level radia- 6.1.13
tion. Exposures will be weil below standards, and monitoring will
ba employed where necessary.
Ecological effects
Nonradiological Wildlife habitat will be disturbed; erosion and stream siltation will 5.1.1.2
increase. Impacts will be on areas without unique ecological features,
and recovery is expected after construction is completed.
Radiological MNone. 51.13
Land use About 140 ha of land will recsiva soms construction impacts. Land 512 56
is currently unused and within the SRP.
Air quality Impacts will be same as for conventional industrial plant construction 51.1.2
{e.g., increase in total suspended particulates, carbon monoxide, and
hydrocarbons). Emissions will be well within applicable standards.
Water quality Siltation of surfece streams will increase. Construction practices will 51.1.2
bae utilized 1o mitigate stream impacts.
Earthquake or tornado Damage 1o facilities. impacts during construction would be same as Appendix G
Occurrence for any nonradiological construction project.
Cultural resources None expected, 413
Endangered species None expecied. 651.1.2
Resource depletion Resources committed include concrete, steel, and fuels. Amounts ere 5.7
nominal, and matarials are ordinary.
Whatlands protection One carolina bay will be eliminated. About 200 carciine bays exist on 451, 6.1.1.2,
the SRP site, and this one is not unique. 5.6

#The Vogtle Power Plant is a nuclear power plant being constructed by the Georgia Power Company within 20 km

of tha proposed DWPF.
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Tabie 5.48. Impacts from construction of the staged immoebilization DWPF

Issus Impacts Section
Socioaconomic sffects Work-{force population will increase with a consequent increase in 5.1.1, 691,
required public services. Area populstion increases will be leas Appendix K
then 1% of the totals. Minor to negligible impacts will ba offset by
jobs created.
Haalth rigk to workforce
Nonradiological Risks will be similar to those for nonradiological industrial ptant con- 6.1.1.2¢ 551
struction. Safety procedures will be enforced during construction,
Radiological Construction warkers will be exposed to SRP background-lave! radie- 6313
tion. Exposures wiil be weil beiow standards, and monitoring wili
be smployed where necessary.
Ecological effects
Nonradiciogical Wilditte habitast will be disturbed; ergsion and stream siltation will 53.1.2
increase, impacts will be on areas without unique ecclogical features,
and recovery is expectsd after construction is completed.
Radiclogical None. 5.1.2.3
Land use About 120 ha of land will receive soma construction impacts, Land 3321,3322
is currently vnused and within the SRP.
Air quality Impacts will be same as for conventional industrial plam construction 51.1.2
(e.g., increase in total suspended particulates, carbon monoxide, and
hydrocarbons). Ernissions will be well within applicable standards.
Water quality Siltation of surface streams wili increase. Construction practices will §1.1.2
be utilized to mitigate stream impacts.
Earthquake or tornado Damage to facilities. Impacts during construction would be same as Appendix G
occurrence for any nonradiological construction project.
Cultural rescurces None axpectad, 413
Endangered species None expected. 51.1.2°
Resource depiation Resources committed include concrete, steel, and fuals. Amounts are 3344
nominal, and materials are ordinary,
Wetlands protection One carolina bay wiil be eliminated. About 200 carofina bays exist on 6.1.1.2*

the SRP site, and this one is not unigue.

fImpacts aré the same as for the refarence ahernative.

®
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Tabie 5.48. !mpacts from operation of the refersnce immobiization DWPF

Issue Impacts Section
Sociosconomic effects Some economic turndown is expected when construction ends and 6.1.2.1,
operation begins. The effact is limited and absorbable; there will be Appendix K
a net gain of about 700 permanant jobs.
Health risk o work force
Nonradiological Risks will be similar to those for nonradiclogical industrial plant con- 5122 652
struction. Safety procedures will be enforced for all operations.
Radiological (routine QOperating personnel will work in controlied radistion exposure areas. 5123
operations) All high-tevel radicactivity cperstions will be remotely controlled;
occupational doses will be monitored and controlled to be as low
as reasonably achisvable.
Radiological {sccidental Operating personnel may be exposed to radiation. Maximum pre- 5.6.2
occurrence) cautions will be taken to protect personnel. Facilities are designed,
constructed, and operated to mitigate the occurrance and conseguence
of accidents,
Health risk to public
Nonradiological Public will be exposed to coal-fired power-piant relesses: particulates, 6.1.2.2
$0,. CO, HC, and NG, coal-pils runcff, and esh, Emissions will be
controfiad to within acceptable levels.
Rediclogical (routine Public will be exposed to radionuclides in DWPF atmospheric and 5.1.2.3,
releases) liquid releases. Doses will be extremely small and insignificant Appandix J
health rigk is anticipated.
Radiological {accidental Public will be &xposed to radionuciides releassd accidentaily. Acci- B55.2,
reloases) dents are highly unlikely and releases in the event of accident Appendix L
ara 30 smail that insianificart haalth risk is anticinated. Facilities are
designed, constructed. and operated to mitigate the occurrence and
consequence of accidents,
Ecological sffects
Nonradiological Nonradioactive wastes (including ash-basin sffiuents) will ba dis- 6122
charged into the environment. Wastes will be treated before
discharge.
Radiclogicat None expected. Biota will not be seversly affected. 6123
Land use Approximately 80 ha will be committed to the DWPF facility. Land 5.6.2
is currently unusad and ig about 0.1% of land ares within tha
SRP.
Air quality
Nonradiological Releases from coal-fired power plant will increass stmospheric levels 31845122
of particulates, SO,, CO, HC, and NO,. Cocling towers will relaase
drift. Releases will ba controlled to mainain levels within Federal
“standards.
Radiological Radionuclides will be released in stack exhausts. Radionuciide lavels 3.1.64,51.23
will be extrematy samail.
Wintar nulll!\'r .
Nonradiological Effiluent from the industrial wastewster treatment facility will diacharge 3164,61.22
to surface streams: secondary effluent from the sewage trestment
piant will be disposed of by spray-irrigation on land. Waste will be
trested befors discharge, to meet all spplicable regulstions; possible
impscts to soils from on-land disposal of sewage plant effluem will be
mitigated.
Radiological Radionuciides will be relessed in DWPF liquid effluents. Liquid streams 3184,5123

will be monitored before discharge; concentrations of radionuciides in.
surface water will be extremely small; no degradation of water quality

will occur.
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Table 6.49. {continued)

Issue

Impacts

Section

Earthquake or tornado
pCCurrence

Transportation (rou.tina
operations)
Nonradiological

Radiological

Transportation (accidents)
Nonradioiogical

Radiologica

Resource commitmant

Damage o faciities with consequent release of radioactivity. Struc-
tures processing high-level radioactivity materials will be earthquake-
and tornade-resistant.

Impacts will be similar to those of conventional common carriars.
Vehicle amissions will be much less than allowabls standards.

Public will be exposed to radicactivity from passing vehicles. All
phasas of trangpart including packaging will be designed 1o comply
with comprehensive Fedaral regulations ensuring public safety
during transport of HLW.

injuries and fatalities will be similar to those for conventioral com-
mon carriers. Prababilities for injuries and fatalities from truck and
rail transponation accidents will be similar to those in normal
transportatiop.

Public will be exposed to radivactive releases in the event a cask is
ruptured during an accident. Rupture is highly unlikely, public expo-

H i i ; r st i mAarrenl bhoal
sure in the svent of rupturs s very low compared with norma! back-

ground radiation,

Resources committed include electricity, water, coal, cement, glass frit,

and process chemicals. Materials are commonly available and amounts

are reasonabla,

3.1.3. 443

5.14.1,
Appendix D

6142,
Appendix D

5531,
Appendix O

55.3.2,
Appendix D

57

.‘
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Tabie 8.50. Impacts from operstion of the staged immobilizstion DWPF

will be monitored baefore discharge; concentrations of radionuclides in
surface watar will be extremaly small; no degradation of water quality
will oceur.

L 4 Issus Impacts Section
' Socioeconomic effects Some economic turndown is expected when construction ends and 5.3.2.1,
operation begins. Tha effect is limited and absorbable; thare will be Appendix K
a net gain of about 530 parmanent jobs.
Mealth risk to work force
Nonradiological Rigks will be similar to those for nonradiological industrial plant con- 51222
struction. Safety procedures will be enforced for all operations.
Radiological (routine Operating personnel will work in controlled radiation exposure areas. 5.1.2.3
vperations) All high-leved radioactivity operations will be remotely controlled:
occupational doses will be monitored and controlled to be 8s low
as reasonably achievable.
Radiclogical laccideral Dperating personnel may be exposed to radiation. Maximum pre- 552 582
occurrence) cautions will be taken to protect personnal. Facilities are designed,
constructed, and operated to mitigate the occurrence and consequence
of accidents.
Health risk to public
Nonradiological Releases will contain CO; NO,, NH;, and diesel generstor emissions. 3354
Releases are very small and well within required emission standards.
Radiological (routine Public will ba expésad to radionuclides in DWPF atmospheric and 53.23, 56.2,
raleases) liguid releases. Doses will be extremely small and little health Appendix D
risk is anticipated.
Radiological {accidental Public will be exposed to radionuclides released accidentally. Acci- 55.2,
roloases) dents are highly unlikely and relesses in the avent of accident ars Appendix L
so small that little heaith risk is anticipated. Facilities are designed,
constructed, and operated to mitigate the occurrence and conse-
quence of accidants.
Ecological effects
Nonradiological Nonradioactive wastes will be discharged into the environment. 65322
Wastes will be trested before discharge to comply with NFDES
permit requirements.
Radiological None expected, 51.23
Land use Approximately 65 ha will be committed to the DWPF facility. Land 332 412
is currently unused and is about 0.1% of land area within the
SRP.
Air quality
Nonradiological Releases from diesel generator exhaust will increase stmospheric levels 3164 33564
of particulates, SO,, CQ, HC, and NO,. Cooling towers will release
drift. Releasas will ba very small and well within air quality standards.
Radiclogicai Radionuclides will ba released in stack exhausts, Radionuclide levals 5323
will be axtremely small.
Water quality
Nonradiological Effluent from the industrial wastewater treatment facility will discharge 3164, 62322
to surface streams: secondary sffluent from the sewage treatment
plant will be disposed of by spray-irrigation on land. Waste wili be
treatad before discherge, 10 meet all applicabie reguistions; poasible
impacts to soils from on-land disposal of sewage plant effiuent will be
mitigated.
Radiological Radionuclides will be released in DWPF liquid effluents. Liquid streams 31684,6123



5-48

Tabile 5.50. (continued)

Impacts Section
Eanhdquaks or tornado Damage to facilities with consequent release of radioactivity, Struc- 3131 443
ocourrence tures processing high-level radioactivity materials will be earthquake-
and tornado-resistant.
Transportation (routine
cparations)
Nonradiological Impacts will be similar to thosa of corwentionsl common carriers. 8.1.4.1,
Vahicle emissions will be much less than allowable standards. Appendix D
Radiological Public wiil be exposed to radioactivity from passing vehicles, All 5142,
phasas of transport including packaging will be designed te comply Apparvdix O
with comprehensive Federal regulstions onsuring public safety
during transport of HLW.
Trangportation (accidents)

Nonradiological Injuries and fatalities will be similar 10 those for conventional com- 5531,
mon carriers. Probabilities for injuries and fatalities from truck and Appendix D
rail transportation accidents wiii be simiiar to those in normal
transportation.

Radiclogical Public will be exposed to radipactive reieases in the event » cask is 5532,
ruptured during an accident, Rupture i8 highly unlikely; public expo- Appandix D
sure in the evert of rupture & very low compered with normal back-
ground radiation.

Resource commitment Aesources committed include electricity, water, coal, cement, glass frit, 5.7

and procesy chemicals. Meerials are commonly available and amounts
ara reasonable.

*impacts are the same as for the reference atternative.
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Table 5.51. Primary rescurce commitments

Resource Reference Design Stage Design

Construction slage

Concrate 2.5ES5 m? 1.5E5 m?
Steel 36E4 t 23E4t
Gasohol 8.7E6L 3.8E6 L
Diesel fuel 8.7E6L 38E6 L
Propane 7.5E4 L 30E4 L
Operation stage
Electricity 1.7E4 kw 1,.3E4 kw
Water 3.7E6 L/day 2.7E6 L/day
Coal 1.2E2 t/day 8.4E-1 t/day
Cement 1.1E2 t/day 1.1E2 t/day
Glass frit 2.0EC t/day 2.0E0 t/day
Process chemicals 15.0E0 vday 5.0E0 t/day

5.8 SHORT-TERM USES AND LONG-TERM PRODUCTIVITY OF THE ENVIRONMENT

This section compares the short-term and long-term environmental gains and losses of implementing
any of the alternative plans. For purposes of this discussion, short-term effects are those

that occur during the period of construction and operation of the facilities. Long-term effects
are those that extend past facility operations and into the indefinite future. Short-term
effects are generally considered in terms of trade-offs in impact on the environment, land use,
and cost. Long-term effects have to do with conservation of energy reserves, environmental
effects, and land use.

The-fundamental purpose of implementation of any of the alternative plans is to remove the SRP

defense high-level waste {HLW} from interim storage and place it in environmentally acceptable
long-term storage or disposal.

5.8.1 Short-term effects

The positive short-term effect of any of the DWPF alternatives is that the HLW will be placed in
@ solid, leach-resistant form that will enhance its isolation from man's environment particularly
during transportation and storage.

Implementation of any of the alternative plans will consume some depletable resources, such as
cement, steel, and lumber; however, these are all common industrial products, and SRP consumption
would not significantly affect their supply. Also, implementation of any of the alternative

plans will require short-term dedication of land for construction and operation of the facilities.

Evan though the defense HLW is stored safely in waste tanks, any of the alternative plans will
immobilize the waste in a form that would give greater assurance that it will remain isolated
from man's environment.

Disposal of the immobilized waste in a geologic repository will commit the subsurface area to
that purpose indefinitely’and will restrict the development at that location of potential minera)
resources by drilling or mining. (These considerations would be addressed fully in the programs
and e?vironmenta1 evaluations that lead to the selection and development of the repository

site,
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5.9 COMPARISON OF IMPACTS BY ALTERNATIVE

The impacts of the three alternatives are compared in Table 5.52. No significant or unmitigable
impacts are anticipated as a result of the implementation of any of the immobilization alterna-
tives. However, in general, the adverse effects of the staged-process alternatives are antici-
pated to be somewhat less than those of the other alternatives.
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Key environmental
parameters

Reference
immobilization
alternative

Delay of
reference
immobilization
alternative

Staged
process
atternative

Naormal operations
Sociceconomic
Effects

Minor Impacts due to
increase in work force
mitigated by release of
waorkers from Vogtle
Plant construction. One
county may have school

Impacts greater than

Reference DWPF due to
sharp increase in work
force without mitigation
by Vogtle work force
release.

Impacts less than other
alternatives; work force
is roughly 60% of other
alternatives.

and housing impacts,

Maximum offsite individual exposure 8.3E-3 B8.3E-3 6.3E-2
trom gaseous releases {millirem/year)

From liquid releases {mitlirem/year} 2.1E-2 2.1E-2 9.6E-3
Total {millirem/year) 2.9E-2 2.9€E-2 7.3E-

Maximum offsite individual health 1.1E-3 1.1E-3 9,6E-4

affart

e {rancar daathe fuaarl
EVyedis \WCanier O r

eains/yea

Normal transportation
Maximurn individual 1.3E-1 1.3E1 1.3E1
exposure {millirerm/year)

Maximum individual health effects 3.4E-2 3.4E-2 3.4E-2
[cancer deaths/year)
Postulated accident
DWPF maximum offsite 3.2E-1 3.2E1 4.2E-2
individuak exposure {millirem)
Transportation
Radiological
Maximum individual exposure {millirem) 4.3E-3 4.3E-3 4.3E-3
Nanradiological
Maximum injuries/year 1.6E0 1.6EQ 1.6EQ
Maximumn deaths/year 1.0E-1 1.0€1 1.0E-1

5.9.1 Socioeconomic effects

Potential socioeconomic impacts of the proposed action are regional and are associated primarily
with the construction phase parameters (i.e., the size of the construction work force and the
timing of the construction). The alternatives can be ranked as to their socioeconomic impact
potential from most to Teast as follows: {1) reference immobilization alternative with Vogtie
delayed, (2) reference immobilization alternative delayed ten years, (3) reference immobilization
alternative with Vogtle on schedule, and {(4) staged immobilization alternative. On the whole,
impacts are predicted to be minor because of the relatively low number of in-movers and the
dispersion of the work force over a large, six-county impact area. Because construction of the
staged-process DWPF requires a smaller maximum work force (roughly 60% of the reference DWPF
work force), this alternative is expected to cause the least impact on services and heusing.

Thg largest expected socioeconomic impacts would be caused by the demand for public schools by
children of the in-movers and exacerbation of an existing housing shortage in some areas. In

the one county where potentially significant school and housing impacts may be expected under

all @lternatives, the effect is graduated and diminishes with a decreasing number of in-movers.

A monitoring pragram will be established to monitor key sociceconomic parameters for determining
the severity and locatfon of impacts, Mitigation measures, such as public aid, if needed, will
require additional authorization before implementation.

5.9.2 Health risks

Protecpion of human health, both now and well into the future, is the primary consideration in

Proposing the immobilization and permanent geologic disposal of the SRP defense waste. The .
calculated radiation-induced regional or public health risks associated with the DWPF are extremely

small. Routine releases, integrated over a 100-year period, will resuit in exposures amounting

to oq1¥ a very small fraction of those obtained from background radiation. Consequently, no

significant health effects are anticipated as a result of routine radiocactive releases from the

DWPF. The probability of an accidental release of radioactivity from the DWPF is very small.
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However, as with routine releases, calculations of exposures from postulated accidents that
could result in radioactive releases show that regional or public health risk from accident-
related releases is expected to be small. No substantial differences in health risks are
evident among the alternatives.

5.9.3 Ecological effects

The ecological impacts of the DWPF are expected to be nonradiological, site-dependent, and
primarily construction-related. Construction will probably disturb about 140 ha of wildiife
habitat and temporarily affect a portion of the local aquatic environment. Recovery is antici-
pated when construction is complete, although about 80 ha will remain unavailable to wildlife
and one carolina bay will be eliminated. The DWPF will occupy only about 0.1% of the SRP

site and the carolina bay is one of about 200 at the SRP site. Additionally, construction
activities will be planned to mitigate the occurrence of aquatic impacts, and an ecological
monitoring program will be conducted during both DWPF construction and early operation to ensure
minimum ecological impact.

5.9.4 Transportation

n of the immobilized waste to a geologic repository has the potential for causing
ironmental risk than DWPF construction and operation. Nevertheless, radiological
calculations of maximum population exposures during routine transport and maximum individual
exposures in the event of an accident, made on the basis of conservative assumptions, show that
exposure risks are very small compared with exposures from background radiation. Calculations
of nonradiological transportation risks, based on the statistical incidence of injuries and
fatalities in ordinary transportation accidents, show that this could be an important source of
risk., Because impacts will depend on a number of factors, such as mode of transportation and
distance travelled, mitigation measures may be possible. Disposal of the immobilized waste at
SRP has been excluded as an alternative, necessitating the selection of another site. Final
selection will be preceded by an environmental review, which will include an assessment of
transportation effects and mitigation measures, if necessary,

5.10 CUMULATIVE EFFECTS

A review of existing and known-planned facility operations in the vicinity of the proposed DWPF
was made to determine potential cumulative effects and to provide an understanding of the sensi-
tivity of the analyses presented in this EIS to synergistic effects from other facilities. The
potential for cumulative effect exists mainly in the Socioeconomtic area during the construction
period for the proposed DWPF; however, these impacts are expected to be small. Radiological
impacts from current and planned nuclear facilities are alsg small and well within applicable
standards. Nonradiological releases are expected to be well within applicable standards and,
because of the large distance to the site boundary, the incremental impacts on the air quality
are expected to be well within the ambient air quality standards for South Carglina and Georgia.

5.10.1 Description of nearby facilities

5.10.1.1 Savannah River Plant

As discussed earlier, SRP is a DOE facility used to produce special nuclear materials. The
plant comprises one fuel manufacturing facility, one heavy water plant, three aperating reactors
(plus two on standby), two chemical separations facilities and associated waste management
operations, one burial ground, and process development laboratories. Present employment at the
SRP is more than 8000 people. .

Projects ongoing at the SRP include the upgrading of all SRP facilities to replace cbsolete
?quipment and the preparation of a standby reactor (L-Reactor) for operation starting in October
983.

A future project under consideration includes the possible construction of a fuel fabrication
plant to produce fuel components for the naval reactor program.

5.10.1.2 Vogtle Power Plant

The Vogtle Power Plant is a nuclear power plant under constri

|4 =1~

3 3 ] ) PU
DWPF by the Georg1a Power Company. As discussed in Sect. 5.1.1, the socioeconomic impacts of
Yogtie construction and operation have been considered in the analysis for the proposed DWPF.

uction within 20 km from the proposed
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The Vogtle Power Plant is Ticensed by the Nuclear Reguiatory Commission, and its emissions will .
also be 1imited to the as-low-as-reasonably-achievable level.

5.10.1.3 Chem-Nuclear Systemé, Inc.

The Chem-Nuclear Systems operates a low-level radicactive waste burial ground less than 20 km
from the proposed DWPF under license from the South Carclina Department of Health and Environ-
Arlasn

mental Cantral. No interaction hetwsen the proposed DWPF and the Chem-Nuclear burial groun a1

act between uf osed DWPF and the Chem-Nuclear burial grouna 15
expected,

5.10.1.4 Barnwell Nuclear Fuel Plant

The only other major facility in the immediate vicinity of the proposed DWPF with potential
synergistic effects is the Allied-General Nuclear Services's Barnwell Nuclear Fuel Plant.
Future status of this facility is unknown, but at present time it is not operating.

5.10.2 {Lumulative effects

The cumulative potential radiological effects of the proposed DWPF and the nearby nuclear
facilities are presented in Table 5.53 for the hypothetical individual residing at all the site
boundary locations with predicted maximum doses. These composite radiation doses are the sum of
the maximum doses ta different individuals at the site boundary of the SRP, including SRP, the
proposed DWPF, and the Vogtle Power Plant; these doses are small for all three immobijization
alternatives and less than 2% of the doses from natural background radiation.

Tabte 5,53, Composite radiofogical impacts of major nuclear facilities in the vicinity of the
proposed DWPF* {milliram/year)

DWPF alternatives Nearby nuclear facilities
Exposure Reference Detay of Staged Savannah Vogtle
immobifization reference process River power
pathway : _ immabilization ;
alternative 3 alternative Plant® plants®
alternative .
TE} Gaseaus 8363 8.3E—3 63E-2 | '7.0E-1 1E-1
Liquid 21E-2 21E-2 9.6E-3 2.2E-1 4E -1
Total 2.9E--2 29e-2 7.3-2 9.2E—1 5E-1
Composite? 1.45E0 1.45E0 1.49E0
Naturai
Back- 9.0€1 9.0E1 9.0E1 9.0E1 9.0E1
round
{SRP
Area)

Maximum individual dose from each facility. Radiation doses are not to the same individual,

oc, Ashley, Environmental monitoring in the vicinity of the Savannah R iver Plant—Annual
Report for 1980, DPSPY 81-30-1 (May 1981},

“Vogtle EIS,

“Compasite = DWPF + SRP + Vogtle.

The principal known, potentially significant cumulative impact of the proposed DWPF project

is in the socioeconomic area. There are three major construction projects in the area: the

two-unit Vogtle nuclear power plant in Burke €ounty, just across the Savannah River from SRP,

production upgrade projects at SRP, and the preparation of the standby L-Reactor for operation.

The major impact will result from competition for very similar labor skills if the projects

peak during the same period as the proposed DWPF alternatives. For instance, the number of

in-movers to the six-county impact area doubles if both Vogtie and DWPF peak in the same period,

and the socioeconomic impacts increase accordingly. If both Vogtle and DWPF stay on schedule .
(VogtIe_peaks in 1983 and DWPF peaks in 1986 or 1987), however, the DWPF serves to minimize

cumulative socioeconomic impacts by preventing a sharp decline in employment as Vogtle releases

workers; the DWPF rising demand acts to stabilize and maintain the high employment levels in the
area.
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The effect of other simultaneous SRP projects, such as the restart and upgrade programs, will be
to increase impacts by increasing the work force. The combined construction and operating
workers for these two projects total more than 1000 for six years (1983- 1988). creat1ng a

cumulative tn*:? about 30% greater than the DWPF staged Frw dbhman uazm 1 aaal

Yiai Jo0uL Jua i SaLEY Lhah ing Usrr stla you plul.-!::'a case vor l.nl (4 _)'l:ulb \|985-!=uo;

The cumulative socioeconomic effects due to the demand for construction workers for the preferred
staged process alternative would sti11 be less than the impacts predicted for the reference
immobilization alternative,
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6. ENVIRONMENTAL PERMITS AND APPROVALS

6.1 [INTRODUCTION

This section examines the permits, certifications, licenses, and other approvals from the Federa!
government or the $tate of South Carolina that may be needed for the Defense Waste Processing
Facility (DWPF). The emphasis is on air quality, water quality, disposal of solid and hazardous
wastes, protection of critical wildlife habitats, and preservation of cultural resources

Table 6.1).

Table 6.1. Required regulatory permits and notifications

Facility, agtivity Requirement’ Agency?
DWEF i oject EiS requuoed for CEQ/EPA
“major Federal acnon™
OWPF site Historic and archaeological South Carolina Siate
SITE SUrvey Historic Preservation
Officer
Site use permit DOE SRD
Endangered species U.S. Fish and Wildlife
Constiuction acnvities Authorization far open burming DHEC.BAQC
Concrete bateh plant
Parmut to construct {(air) DHEC-BAQC
Permit to censtruct {water) DHEC | AWD
Permit to operate {air) DHEC-BAQC
NPDES permit to discharge DHEC-1AWD
Caat-fried steam P8O permit t0 construct OHEC-BAQC
generating plant PSD permit to operate DHEC.-BAQC
Ermergency diesel PSD permit to construct DHEC-BAQC
geneiators PSD permit to operate DHEC-BAQC
Chemical and Peimit to construct DHEC-1AWD
mdustoal waste NPDES permut to discharge DHEC 1AWD
treatment facihity
Domestic water Peimut to construct ground- DHEC-WSD
supidy system water wells, treatrment and
disttibution systems
Sanitary wastewaten Permit to construct OHEC 1AWD
treatment plant NPNES Perrmit o discharge DHEC- 1AWD
Canyon exhaust stack Naouficauon of stack 61 m (200 fi FAA
Permit to construct OHEC-BAQC
Permit to operate DHEC-BAQC
Process sewer Permit to construct DHEC- |AWD
NPDES permit to discharge DHEC-1AWD
Surface runotf Perrmi? 1o construct DHEC-1AWD
Saltcreie plant Permit 10 construct DHEC-8A0C
Permit 1o operate DHEC-BAQC

Storage of matenals

SPCC plan

DHEC-1AWD fEPA

?NPDES = National Pollutant Discharge Elimination System, PSD = Prevention of Signiticant

Deterioration, SPCC = Saill Preventran, Control, and Contingency.

5CEQ = Council on Environmentai Quality, EPA = Environmental Protection Agency, DHEC =
Dept. of Health and Environmental Control, BAQC = Bureau of Air Quality Control, IAWD =
Industrial and Agricultural Wastewater Division, WSD = Water Suppiy Division, and FAA = Federal

Aviation Adminisiration.
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active materials, and associated activities governed by the Atomic Energy Act (AEA) of 1954 aq
amended {40 US{ 2011 et seq.) and related legislation are outside the scope of this section and
are discussed in Appendix 0 and ref, 1,

The health and safety aspects of the handling of radicactive materials, the transport of radin. .

The DOE, as a Federal agency, is required to comply with a number of environmental requirements
under various Federal laws. The Federal requirements include, but are not limited to, thase
outlined in the six laws and three executive orders described herefn.

Natignal Environmental Policy Act of 1969, as amended (NEPA) {42 USC 4321 et seq.). This Act
requires "all agencies of the Federal Goverrment™ to prepare a detailed statement on the environ-
mental effects of proposed "major Federal actions significantly affecting the guality of the hyman
envirorment.” In accordance with the requirements of NEPA, the DOE is filing with the Environ-
mental Protection Agency (EPA)} and circulating to the public this envirormental impact statement
(EIS) on the DWPF. This EIS has been prepared in accordance with the Council on Environmental
Quality {CEQ) Regulations on Implementing National Environmental Policy Act Procedures (40 CFR
1500-1508) and DOE Guidelines for Compliiance with the Mational Environmental Policy Act.?

Executive Order 12088 (October 13, 1978). This Executive Order, issued by the President of the
United States, requires every Federal agency to comply with applicable administrative and proce-
dural pollution control standards established by, but not limited to, the following Federal laws:
1. Toxic Substances Control Act (15 USC 2607 at seq.),
. Federal Water Pollution Control Act (33 USC 12571 et seq.),
3. Public Health Service Act, as amended by the Safe Drinking Water Act {42 USC 300 {f) et
seq.},
4. Clean Air Act (42 USC 7401 et seq.),
5. MNoise Control Act (42 USC 4901 et seq.), and

6. Solid Waste Disposal Act (42 USC 6901 et seq.).

The Executive Order also requires Federal compliance with radiation guidance pursuant to
Section 2174(h) of the Atomic Energy Act of 1954, as amended [42 USC 2021(h)].

Executive Orders 11988 {Floodplain Management) and 11990 (Protection of Wetlands) (May 24, 1977).
These executive orders require governmental agencies to avoid to the extent possible any short-
and long-term adverse impacts on wetlands wherever there is a practicable alternative, The DOE
has issued regulations 10 CFR Part 1022 for compliance with these Fxecutive Orders.

Clean Adr Act {42 USC 7401 et seg.) as amended by the Clean Air Act Amendments of 1977 (PL 95-
9b). Section 118 provides for the control of air pollution by Federal facilities. It requires
that each Federal agency, such as the DOE, having-jurisdiction over any property or facility that
may result in the discharge of air pollutants comply with "all Federal, state, interstate, and
Tocal requirements" with regard to the control and abdtement of air pollution. Authority for
regulation of air emissions has been delegated by the EPA to the South Carolina Department of
Health and Environmental Control (DHEC), Bureau of Air Quality Control.

Federal Water Pollution Contral Act, as amended by the Clean Water Act of 1977 (33 USC 1251 et seq.).
his Act requires a ranches of the Federal government engaged in any activity that may result

in a discharge or runoff of pollutants, excluding materials regulated under the Atomic Energy Act

of 1954, to comply with Federal, state, interstate, and local requirements. Authority for imple-

mentation of these requirements has been delegated to DHEC and to the U.S5. Army Corps of Engineers

for dredge and fill operations.

Resource Conservation and Recovery Act (RCRA) of 1976 (42 USC 3251 et seq.). This Act governs
the generation, management, transportation, and disposal of solid and hazardous wastes. It does
nol apply to source, by-product, or special nuclear material that is regulated by the AEA of 1954
{42 USC 2011 et seq.). DOE has also taken the position that hazardous waste generated by DOE
activities pursuant to the AEA are subject to DOE standards and, therefaore, not subiect to
regulations under RCRA.

Noise Control Act of 1972 (42 USC 4901 et seq.). Section 4 of this Act directs all federal

agencies "to the fullest extent within their authority" to carry out programs within their

Jurisdiction in a manner that furthers a national policy of promoting an environment free from

noise that jeopardizes health or welfare. The DOE will comply with such reguirements to the .

fuliest extent possible.

Endangered Species Act of 1973 (16 USC 1531 et seq.). The Endangered Species Act of 1973, as
amended, is intended to prevent the further decTine of endangered and threatened species and,

also, to bring about the restoration of these species and their habitats. The Act, which is
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jointly administered by the Departments of Commerce and Interior, does not require a permit,

. certification, license, or other formal approval. Section 7 does, however, require a consultation
to determine whether endangered and threatened species are known to have critical habitats on or
in the vicinity of the site. The DOE will comply with this law by taking all necessary precautions
to ensure that its proposed action will not Jeopardize the continued existence of any threatened
or endangered species and/or their critical habitats.

The sections that follow summarize the Federal and South Carolina applicable requirements with
which the DWPF project will comply.
6.2 FEDERAL AND STATE PERMITS AND APPROVALS

6.2.1 Historic preservation

No particular permits, certifications, or approvals are required relative to historic preserva-
tion. However, the DOE must provide an opportunity for comment and consultation with the
Adviscry Council on Historic Preservation as required by the Historic Preservation Act of 1366
(16 USC 470(f) et seq.). Section 106 of the Act requires Federal agencies with jurisdiction over
a Federal "undertaking" to provide the Council an opportunity to comment on the effect that
activity might have on properties included in, or eligible for nomination to, the National
Register of Historic Places.

Executive Order 11593 of May 13, 1971, requires Federal agencies to locate, inventory, and
nominate properties under their jurisdiction or control to the National Register of Historic
Places if the properties qualify. Until this process is complete, the agency must provide the
advisory council an opportunity to comment on the possible impacts of proposed activities on
eligible proparties.

An archeological and historic survey of the DWPF site was completed in 1979 and that of the salt
burial area in 1980. The surveys revealed no sites that meet the criteria for eligibility for
inclusion in the national register. The DWPF site survey results were reviewed by the South
Caralina State Historic Preservation Officer, who concurred with the survey findings. The salt
burial area survey results are currently under review,

6.2.2 Solid waste disposal

The DWPF process and operations, in addition to the immobilized high-level waste containerized
for disposal in a Federal repository, will produce the following types of solid waste materials
containing radicactivity:

1. salt (or saltcrete),
2. low-level waste (LLW) from immobilization operations, and
k] 3 v

The disposal of all these materials is governed by the AEA, as amended, and related DOE require-
ments. As described in Sects. 3.1.2.2 and 3.1.3.2, the salt will be disposed of in a burial
facility that is designed and constructed to comply with the DOE, EPA, and DHEC guidelines and
regulations applicable to both low-level radipactive and hazardous wastes. DOE regulations for
the disposal of the radicactive waste? govern the disposal of the salt in accordance with the
AEA; thus, no specific permits are required. GOther solid radicactive waste from the DWPF will be
appropriately packaged and transported for disposal to a currently operating onsite radiocactive
waste burial area at the Savannah River Plant (SRP).

The DWPF will also generate several types of nonradioactive solid waste. These include:

sanitary waste sludges,

deionizing resins and other nonradioactive process waste,
trash,

fly ash and bottom ash,

. scrubber sludges, and

oW -
Ve e .

6. industrial and chemical waste treatment sludge.

‘ The fly ash, bottom ash, and scrubber sludges will be disposed of in an ash pond near the DWPF.
A1l other nonradicactive solid wastes will be transported from the DWPF to existing storage or
disposal facilities at the SRP and will be processed and/or buried as appropriate.

-]
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6.2.3 Endangered species

Ecological surveys3 of the DWPF area by the Savannah River Ecology Laboratory identified no
species on the Federal list of endangered species. The results of these surveys have been
reviewed and concurred in by the U.S, Fish and Wildlife Service to Wildlife Service (see
Appendix C}.

- B | L) = alsdu
D« na 3uu !

Industrial and domestic water for the DWPF will be provided from new water wells constructed for
that purpose at the DWPF site. Before wells are drilled, the DOE will obtain a permit to construct
a noncommunity public water supply system from the Water Supply Division of DHEC.

Section 402 of the Clean Water Act as amended is the basis for controlling "ppint-source” discharges
of pollutants into the navigable waters of the United States through the National Pollutant
Discharge Elimination System (NPDES) administered by the USEPA. In South Carolina the USEPA has
delegated permitting authority under NPOES to the state. Most liquid effluents from the DWPF,

such as boiler ash basin effluents, storm runoff, cooling-tower blowdown, etc., will be collected
by the chemical and industrial waste treatment system and processed, if necessary, before discharge.
Other effluents, such as general purpose evaporator blowdown and storm runoff from the salt

burial area will be discharged separately. The DOE will obtain a permit to construct the

discharge facilities from the Industrial and Agricultural Wastewater Division (IAWD) of DHEC.

Six months before startup, DOE will request from DHEC an amendment to the NPDES permit for the
overall SRP operations to include discharges from the DWPF.

Section 404 of the Clean Water Act, as amended, is the basis for requirements controlling dredge

and fill operations. This act gives the Corps of Engineers the broad authority to regulate acti-
D-1,| vities in wetlands of greater than 10 acres (33 CFR 323). Because of Sun Bay's size of about 1
H-2 | hectare {2 acres), DOE has determined that a Section 404 permit will not be required.

6.2.5 Air quality’

The purpose of the USEPA regulations for the prevention of significant deterioration (PSD) is

to protect the clean air areas of the natfon from the degradation of air quality. The PSD require-
ments are based on the 1977 amendments to the Clean Air Act. The act establishes a classifica-
tion system for areas where air quality is better than that required by the national ambient

air quality standards and 1imits the permitted incremental increases in pollutant concentrations.
Authority to apply PSD controls in South Carolina has been delegated by the USEPA to the DHEC
Bureau of Air Quality Control.

Should a coal-fired power plant be required, the DOE will obtain from DHEC a permit to comstruct
the coal-fired hoiler that satisfies the PSD requirements and conforms to the New Source Perform-
ance Standards established by the USEPA. Before the beginning of normal operation DOE will

submit to DHEC an application for an operating permit. ODHEC will then evaluate the installation
and may measure actual emissions to determine compliance with South Carolina Air Pollution Control
Regulations and Standards. Following this evaluation {normally within 90 days of the beginning
of normal operation} DHEC will issue DOE a Permit to Operate. -

The concrete batch plant used during DWPF construction and the saltcrete plant will each regquire
a permit to construct from the DHEC-BAQGC and a Permit to Operate from the same regulatory agency.

REFERENCES FOR SECTION 6

1. U:S. Department of Enerqy, DOE Manual, chap. 0524,

2. U.S: Department of Energy, "Guidelines for Compliance with the National Environmental
Poelicy Act," Fed. Regist, 65(62): 20694-20701 {Mar. 28, 1980).

3. Savannah River Ecology Laboratory, University of Georgia, 4 Biological Inventory of the

Propoged Site of the Defense Wagte Progeagsing Facility on the Savan;ah River Plant in Aiken,
South Carelina, Amwnual Report October 1, 1980, DE-ACDY-76SRDDEVY, 198D,
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Leonard A. Abrams
NUS Corporation

B.S., Metallurgical Engineering, Virginia Polytechnical
Institute
Graduate courses in metallurgy, ORINS

Experience — 30 years (Publicaticns). Nuclear technology
background; nuclear fuel cycle waste processing,
packaging, and transportation; facility safety
aralysis.

Assisted 5. C. Allen in preparation of Sect. 3.

NAME and AFFILIATION

EDUCATION

EXPERIENCE, TECHNICAL SPECIALTY

EIS RESPONSIBILITY

S. Clark Allen
NUS Corporation

Ph.D., Chemical Engineering, U. of Missouri
M.S., Chemical Engineering, U. of Missouri
B.S., Chemical Engineering, U. of Missouri

Experience — 16 years (Publications — 6). Management
responsibilities ~ muTti-disciplinary environmental
baseline studies, trace metal analysis; EPA technical
advisor.

Lead responsibility for preparation of Sect. 3.

NAME and AFTILIATION

EDUCATION

EXPERIENCE, TECHNICAL SPECIALTY

EIS RESPONSIBILITY

Linda G. Berry
Oak Ridge National Laboratory

Ph.D., Sociology, U. of Tennessee
M.A., Sociology, U. of Tennessee
B.A., Sociology, U. of California, Riverside

Experience — & years {Publications — 16).
Demography, social impact assessment, evaluation
research.

Assisted in preparation of Appendix K.
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EDUCATION

EXPERIENCE, TECHNICAL SPECIALTY

EIS RESPONSIBILITY

John W. Boyle
Oak Ridge National Laboratory

M.S5., Chemistry, Emory University
B.S., Chemical Engineering, Emory University

Experience — 38 years (Publications — 25). Chemical
effects of jonizing radiations and photons; management
responsibilities multidisciplinary environmental
impact statements.

Project manager for preparation of EIS; prepared Sect. 1.

NAME and AFFILIATION

EDUCATION

EXPERIENCE, TECHNICAL SPECIALTY

EIS RESPONSIBILITY

Robert B. Braid, Jr
Oak Ridge National Laboratory

Ph.D., Political Science, University of Tennessee
M.A., Political Science, University of Tennessee
B.S., Political Science, Lambuth College

Experience — 10 years (Pubiications — 25). Political
science, energy policy, social impact amalysis.

Assisted in preparation of Appendix K.
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Helen M. Braunstein
Qak Ridge National Laboratory

Ph.D., Physical Chemistry, University of Maine
M.5., Chemistry, University of Maine
B.A., Chemistry, University of Maine

Experience — 10 years (Publications — 29). Environ-
mental health, trace elements in the environment,
coal conversion, biomass, thermodynamics of
solutions.

Prepared summary, Sects. 5.6, 5.9, 5.10, glossary,
index, and assisted in revisions.

NAME and AFFILIATION

EDUCATION

EXPERIENCE, TECHNICAL SPECIALTY

£IS RESPONSIBILITY

Lois M. Bronfman
Oak Ridge National lLaboratory

Ph.D., Political Science, University of Oregon

M.A., International Relations, Johns Hopkins University,
School of Advanced International Studies, Washington,
D.C.

B.A., Political Science, Michigan State University

Experience — 7 years (Publications — 15}.
Social impacts and policy analysis; management of
radioactive and hazardous wastes.

Assisted in preparation of Appendix K.

NAME_and AFFILIATION

EDUCATION

EXPERIENCE, TECHNICAL SPECIALTY

EIS RESPONSIBILITY

Stephen K. Breslauer
NUS Corporation

Graduate courses in Nuclear Engineering, University of
Cincinnati
B.A., Physics, Caornell University

Experience — 23 years (Publications). Management in
environmental programs, nuclear-plant siting studies,
multidisciplinary studies. Reprocessing of nuclear
wastes and storage. Safety evaluation of nuclear
facilities.

Manager for NUS Corporation OWPF related activities.
Prepared Sects. 2, 5.7, 5.8, and 6. Assisted in
revisions.

EDUCATION

EXPERIENCE, TECHNICAL SPECIALTY

EIS RESPONSIBILITY

Ph.D., Political Science, Northwestern University
M.A., Political Science, University of New Mexico
B.A., Chemistry, University of New Mexico

Experience — 6 years (Publications — 15). Social
impacts and policy analysis, land-use, hazardous and
radioactive waste management.

Assisted in preparation of Appendix K.
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Sherri J. Cotter
Oak Ridge National Laboratory

M.5., Bionucleonics, Purdue University
B.S., Physics, Berea College

Experience — 5 years (Publications — 15). Calculations
of radiation dose to man, computer codes pertaining to
radioactive releases, model validation, health physics.

Radiation dose estimations to maximum individual and
80 km population dose from atmospheric releases.

NAME and AFFILIATION

EDUCATION

EXPERIENCE, TECHNICAL SPECIALTY

EIS RESPONSIBILITY

David K. Dougherty
NUS Corporation

B.S., Biochemistry (Honors and Distinction), University
of Delaware

Experience — 8 years (Publications). Pathway and
radiation dose assessments, radiological impact
analysis, environmental monitoring.

Major contributor to Sect. 5 and Appendices J and L.
Prepared sections on radiation health effacts from
routine and accidental releases; 100-year environ-
mental dose commitment; accident scenarios.

NAME and AFFILIATION

EDUCATION

EXPERIENCE, TECHNICAL SPECIALTY

EIS RESPONSIBILITY

Gerald J. Edgley
NUS Corporation

Master of Urban and Regiomal Planning, George Washington
University

B.S., Conservation and Resource Development, University
of Maryland

Experience — 9 years (Publications}. Urban and regional
planning, secioeconomics, fiscal analysis, transpor-
tation analysis, community development and land use.

Assisted in the preparation of Appendix K.

NAME and AFFILIATION

EDUCATION

EXPERIENCE, TECHNICAL SPECIALTY

EIS RESPONSIBILITY

Peter H. Feldhausen
NUS Corporation

M.S., Geology, University of Wisconsin
B.S., Geology, University of Wisconsin

Experience — 13 years (Publications — 21). Registered
geologist, registered geophysicist; multidisciplinary
environmental projects, oceanographic and continental
shelf studies, siting of high-level radicactive waste
repository.

Prepared Sect. 4.4 and Appendix 6.
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Robert B. Garey
Oak Ridge Associated Universities

Ph.D., Political Science, University of South Carolina
M.A., Political Science, University of South Carolina
B.S., Mathematics, University of South Carolina

Experience — 4 years (Publications — 7). Labor market

nuclear waste policy options, assessment of energy
related programs.

Prepared Appendix H.

NAME and AFFILIATION

EDUCATION

EXPERIENCE, TECHNICAL SPECIALTY

EIS RESPONSIBILITY

Gorman S. Hil1, Jr.
Gak Ridge National Laboratory

M.5., Zoology, University of Tennessee
B.S., Zoology, Lincoln Memorial University

Experience — 35 years {Publications — 20}. Certified by
U.5, Board of Heaith Physics. Radiation bioTogy and
health physics, environmental impact assessment,
radiation dose assessment to maximum individual and
regional population.

Prepared Sect. 4.3. Major contributor to Sects. 5.1,
5.2, 5.3, 5.5 and Appendices J and L. Responsible
for radiological impacts including radiglogical doses
from routine 1liquid and airborne releases and
accidents involving radiocactivity.

NAME and AFFILIATION

EDUCATION
EXPERIENCE, TECHNICAL SPECIALTY

EIS RESPONSIBILITY

Elaine G. Llewellyn
Oak Ridge MNational Laboratory

B.A., Political Science, University of Tennessee

Experience — 5 years (Publications — 2). Environmental
impact assessment.

Assisted in preparation of Appendix K.

NAME and AFFILIATION

EDUCATION

EXPERIENCE, TECHNICAL SPECIALTY

EIS RESPONSIBILITY

James F. McBrayer
Qak Ridge National Laboratory

Ph.D., Ecology, University of Tennessee
M.S., Entomology, Purdue University
B.S., Biology, Miami (Ohio) University

Experience — 9 years (Publications — 30). Research
and assessment on environmental consequences of energy
production, utilization, and waste disposal, ecosystem
arnloav. cvelinag of radionuclides
ecology, cycling of radionuclides,

Prepared Sect. 4.7. Major contributor to Sect. 4.6,
Contributor to Sect. 5.1 and 5.5. Responsible for
impacts to terrestrial ecology.
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Luisa Freeman Menendez
TRW, Incorporated

M.S., {in progress) Urban and Economic Geography,
University of Tennessee
B.S., Economics, Mary Washington College

Experience — 2 years {Publications — 8). Socioeconomic
impact amalysis, cost/benefit economic analysis,
energy systems, regulatory, and urban impact analysis.

Prepared Sect. 4.2,

NAME and AFFILIATION

EDUCATION

EXPERIENCE, TECHNICAL SPECIALTY

EIS RESPONSIBILITY

Patrick ¢, Mulholland
Dak Ridge National Laboratory

Ph.D,, Environmental Biology, University of North
Carolina

B.5., Civil and Environmental Engineering, Cornell
University

Experience — 3 years (Publications — 9). Aquatic
ecology, environmental impact assessment of nuclear
fuel cycle facilities and coal-fired plants, nutrient
spiralling in stream ecosystems, wetland ecology.

Major contributor to Sects. 4.5, 4.6, 5.1, 6.2, 5.3,
5.5 and Appendix N. Responsible for impacts to
agquatic ecology.
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NAME and AFFILIATION

EDUCATION

EXPERIENCE, TECHNICAL SPECIALTY

EIS RESPONSIBILITY

Joseph F. O'Brien
NUS Corporation

M.E., Water Resources Engineering, Clemson University
M.S., Chemistry, Lehigh University
B.A., Chemistry, Lehigh University

Experience — 32 years (Publications — 17). Hydrology,
land-use and water-use analysis, nuclear weapons
effects, new materials development.

Major contributor to Sects. 4.5 and 5.4. Prepared
Appendix F. Responsible for ground water hydrology.

NAME and AFFILIATION

EDUCATION

EXPERIENCE, TECHNICAL SPECIALTY

EIS RESPONSIRILITY

E}izabeth B. Peelle
Qak Ridge National Laboratory

M.S., Sociology, University of Tennessee
B.A., Chemistry, Western College

Experience — 12 years {Publications — 22). Community
impacts of energy facilities; mitigation of social
impacts; institutional analysis of siting.

Contributor to Sects. 4.2, 5.1, 5.2, 5.3, and 5.9;
2150 Appendices E, H, and K. Responsible for
sociceconomic sections.
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Ramana K. Rao
NUS Corporation

Ph.D., Meteorology, University of Utah

M.S., Oceancgraphy and Meteorclogy, University of
Michigan

B.S., Math and Physics, Andhra Unmiversity, India

Experience — 10 years {Publications — 3). Atmospheric
dispersion modeling, health effects from air emissions,
radiological impact assessments, site selection
studies, monitoring assessment.

Contributor to Sect. & and Appendices J and L.

NAME and AFFILIATION

EDUCATION

EXPERIENCE, TECHNICAL SPECIALTY

EIS RESPONSIBILITY

John H. Reed
Oak Ridge National Laboratory

Ph.D., Seciology, Cornell University
M.A., Sociology, Cornell University
B.S., Sociology, lowa State University

Experience ~— 7 years {Publications — 20). Environmental
sociology, social impact and policy analysis,
statistics and methodology.

Contributor to Appendix K.

NAME and AFFILIATION

EDUCATION

EXPERIENCE, TECHNICAL SPECIALTY

EIS RESPONSIBILITY

Irwin J. Samec
NUS Corporation

Masters of Urban and Regional Planning, Michigan State
University
B.A., Sociology, I11inois Wesieyan University

Experience — 11 years {Publications). Environmental
pianning, environmental impact statements, and
socioeconomic impact analysis; socioeconemic and
land-use characterization; water pollution abatement;
transportation analysis.

Assisted in preparation of Appendix K.

NAME and AFFILIATION

EDUCATION

EXPERIENCE, TECHNICAL SPECIALTY

E1S RESPONSIBILITY

Martin Schweitzer
0ak Ridge National Laboratory

M.S., Planning, University of Tennessee
B.A., Psychology, University of Michigan

Experience — 3 years (Publications —10). Urban
planning, social change analysis, environmental
impact analysis.

Assisted in preparation of Sect. 4.2 and Appendix K.

NAME and AFFILIATION

EDUCATION

EXPERIENCE, TECHNICAL SPECIALTY

EIS RESPONSIBILITY

E. Jonathan Soderstrom
Dak Ridge National Laboratory

Ph.D., Psychology, Northwestern University
B.A., Psychology, Hope College

Experience — 4 years (Publications — 10). Evajuation
and social impact analysis.

Assisted in preparation of Appendix X.
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Robert H. Stevenson
(ak Ridge National Laboratory

M.5., (in progress) Urban Planning, University of
Tennessee

M.P.H., Public Heaith, University of Temnessee

B.5., Health Sciences, Ball State University

Experience — 1 year (Publication —1). Environmental
health, urban planning, environmental education.

Major preparer of Appendix E.

NAME and AFFILIATION

EDUCATION

EXPERIENCE, TECHNICAL SPECIALTY

EIS RESPONSIBILITY

John C. Tseng
Savannah River Operations, Department of Energy

M.5., Environmental Health Engineering, Northwestern
University

B.S., Aeronautical and Astronautical Sciences,
Massachusetts Institute of Technology

Experience — 10 years (Publications). Professional
Engineer — State of I11inois. Environmental engi-
neering and radiation protection, compliance with
regulations, environmental monitoring, environmental
impact assessment.

Primary reviewer for Savannah River Operations.
Responsible preparer for Appendices A, B, ¢, I, M.

NAME and AFFILIATION

EDUCATION
EXPERIENCE, TECHNICAL SPECIALTY

EIS RESPONSIBILITY

Dennise 0. Wicks
NUS Corporation

B.A., Geography, University of Delaware

Experience — 2 years {Publications). Environmental
planning, socioeconamic impact assessment, siting of
plant facilities.

Assisted in preparation of Appendix K.

NAME and AFFILIATION

EDUCATION

EXPERIENCE, TECHHICAL SPECIALTY

EIS RESPONSIBILITY

Timothy A, Wheeler
Sandia National Laboratories

M.5., Systems Engineering, University of Virginia
B.5., Mechanical Engineering, University of New
Hampshire

Experience — 1 year (Publications). Radiclegical
impact analysis of transperting radioactive materials.

Contributor to Sects. 5.1, 5.5, and Appendix D.

NAME and AFFILIATION

EDUCATION

EXPERIENCE, TECHNICAL SPECIALTY

EIS_RESPONSIBILITY

Edwin L. Wilmot
Sandia National Laboratories

M.5., Ceramic Engineering, University of Washington
B.5., Ceramic Engineering, University of Washington

Experience — 9 years (Publicatiens). Nuclear technology,
environmental impact statement suppart.

Major preparer of Sects. 3.1, 5.7, 5.5, and Appendix O.
Responsible for transportation impacts.
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H. E. Zittel
Oak Ridge National Laberatory

Ph.D., Chemistry, Vanderbilt University
M.S., Chemistry, Vanderbilt University
B.S., Chemistry, Vanderbilt University

Experience — 28 years {Publications — 50). Environmental
impact statements for nuclear power reactors and the
nuclear fuel cycie, reactor safeguards, electrochem-
istry, spectrochemistry, radiation chemistry.

Contributor to Sect., 3.1, sections on site selection.
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DEPARTMENT OF ENERGY
Assistant Secretary for Nuciear
Energy
Long-Term Management of Detense
High-Level Radioactive Wastes
(Research and Development Program
for immobilization), Savannah River
Ptant; Record of Decision
Decision

The decision has been made to
gontinue a large Federal research and
development (R&D) program directed
toward the immobilization of the high-
level radioactive wasles at the
Savannah River Plant {SRP) and not to
undertake an R&D program on direct
disposal of the wasles in bedrock.

Background

The SRP near Aiken, South Carolina,
is a major installation of the Department
of Energy (DOE) for the production of
nuclear materials for national defense. It
began operations in the early 1950°s and
is currently the Nation’s primary source
of reactor-produced defense materials.
The SRP operations also produce liquid
high-level radioactive waste from the
chemical processing of fuel and target
materials after irradiation in the SRP
nuclear reactors. The high-level waste
has been and is continuing to be stored
safely in underground tanks that are
engineered to provide reliable storage of
the waste isolated from the
environment. DOE is develaping
methods for permanent disposal of these
wastes.

DOE published the final
environmental impact statement “Long-
Term Management of Defense High-
Level Radioactive Wastes (Research
and Development Program for
Immobilization). Savannah River Plant,
Aiken. South Carolina,” {DOE/EIS-0023)
in November 1979. Notices of its
availability were published in the
Federal Register by DOE on December 3.
1979 (44 FR 69320) and by the
Environmental Protection Agency on
December 7, 1979 (44 FR 70563},

Description of Action

The multi-year R&D program being
continued is aimed at developing the
technology for removing the wastes from
the tanks, concentrating them into a high
aclivity fraction, and immobilizing the
radioactive nuclides in a high integrity

form for subsequent disposal. Since the
method of disposal has not been chosen,
the R&D program is sufficiently broad in

ite initial atanas an that it fan ha
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modified in later stages as appropriate,
to satisfy the immobilization
requirements of a variety of disposal
lechniques. Moreover, the R&D program
provides for the development of a
variety of waste forms, to permit the
ultimate waste form to be specifically
tailored to the exigencies of the disposal
method ultimately selected.

Description of Alternatives

The alternatives to carrying out the

immobilization R&D program considered

by DOE in reaching this decision are:

1. terminate the immobilization R&D
program and conlinue tank storage of
the wastes indefinitely with transfer to
new tanks about every 50 years {nu
dction alternative).

2. fund an R&D program for direct
disposa!l of the waste in bedrock under
the Savannah River Plani.

Basic for Decision

Orientation of the Savannah River
technology development program
toward conversion of the waste to a
high-integrity form for subsequent
disposal has been influenced by public
opinion and perception of risks, as
expressed through governmental bodies
and special interest groups. For
example, comment letters on DOE/EIS-
0023D were received from the Governor
of the State of Georgia indicating
opposition to bedrock disposal of waste
Fnvironmental Protection Agency
categorizing any bedrock dispasal
option al SRP as Environmentally
Unsatisfactory.

The decision to continue the R&D
program is consistent with the
recommendation of the Interagency
Review Group on Nuclear Waste
Management (IRG) that:

"DOE accelerate its R&D activities
oriented toward improving
immobilization and waste forms and
review its current immobilization
programs in the light of the latest views
of the scientific and technical
community. Since final processing of
defense waste has been deferred for
three decades the IRG also recommends
that remedial action, including
immabilization of the waste. should
begin as soon as practicable.”
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associated with the prediction of the
environmental impacta which could
result over very long periods of time
from the disposal of radicactive wastes.
Accordingly, DOE has selected the

conservative approach of proceeding

with the immobilization R&D program.
Although the environmental impacts
which are predicted to result from
implementing any of the alternatives are
small. proceeding with the

immobilization R&D program is the most

conservative approach to provide an
option to help assure that the waste will
not enter the biosphere and will pose no
significant threat to public health and
safety.

The most significant quantifiable
differences between the alternatives are
the differences in budgetary costs. The
estimated capital and operating cost of
the alternatives in constant 1880 dollars
are: perpetual tank storage. $510 million:
bedrock disposal, $755 million: and
immobilization for disposal, $3600 1o
$3750 million. Although implementation
uf the immobilizalion R&D program is
the costliest alternative, retaining SRP
waste disposal method flexibility and
responding to the expressed public
concern o minimize the risk of exposure
to the general population from
radioactive waste disposal justify
continuation of the immobilization R&D
program.

_A_ great deal nf-nnr-nr-tnin!y is

Discussion of Environmentally Preferred
Alternatives

There are no subsiantial
environmental impacts arising from
nuclear radiation for any of the
alternatives. The offsite population
exposure risk from the alternative with
the highest risk (liquid waste stored in
SRP bedrock cavern} is more than one-
thousand fold Jower than natural
radiation exposure to the same
population. Nonnuclear faialities to be
expecied from construction and
operating activities related to each
alternative are greater than those that
would be expected for radiation effects,
but are no larger than the risks
voluntarily accepted by industrial
workers. Off-sile radiation risks,
eccupational exposures, nonnuclear
risks. and other environmental effects
are small in absolute magnitude for all
options analyzed.

On a relative basis, some differences
in environmental impact among the
alternatives are evident. The no action

alternative would resul
occupational exposures but higher
offsite population dose risk and more
nonnuclear accidental fatalities than
would implementation of the
immobilization R&D program.

Alternative 2 (bedrock disposal) is

estimated to result in the lowest
occupational radiation exposure and the
lowest estimated fatality rate from
nonnuclear accidents but the highest
offsite population dose risk. Based on
the judgment that offsite population
radiation dose risk over time is a more
important consideration than either
occupational dose risk or fatalities from
nonnuclear accidents, the analysis in
DOE/EIS-0023 indicates that the

i 3H H [T N T
immobilization R&D program with the

lowest potential offsite population dose
risk is the environmentally preferabie
alternative. This is primarily due to the
degree of isolation afforded by
rendering the wastes less mobile in the

. 3w o )
onvirgnment.

Occupational related risks such as
occupational radiation exposure and
nonnuclear accidents generally are
voluntary in nature; conversely, offsite
radiation exposures are involuntary in
nature and involve a greater number of
people. Accordingly, the offsite
population dose was the controlling
consideration in selecting continuation
af the immobilization RAD program as
the environmentally-preferred
aiternative. :

[
i

Considerations in Implementation of the
Decision

The continuation of the DOE R&D
program to immobilize the SRP liguid
high-level radioaciive waste will not
pose any significant adverse
environmental impact prior to a
proposal for a specific facility which
would be addressed in a separate NEPA
review. No mitigation aclivities are
anticipated.

For the United States Department of
Energy.

Dated: February 1. 1980.
George W. Cunningham,

Assistant Secretary for Nuclear Eneryy.

(MR Dun. go- 48626 Filed 2-12-80. 8 45 am)
BILLING CODE 8450-01-0
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Appendix B
DWPF ALTERNATIVE WASTE FORMS PROGRAM

B.1 SUMMARY

Evaluation of potential waste forms for immobilization of SRP high-level waste began in 1973
14
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glass, several alternat1ve waste forms were eva]uated for possub1e app11cat1on to SRP waste.
Final selection of the waste form for the proposed Defense Waste Processing Facility (DWPF} will
be made by October 1983, based on results of this Alternative Waste Form (AWF) Program and the
associated environmental review.

The current AWF Program is divided into three stages: (1) an assessment and selection of AWFs
for further analysis, which ended in December 1979; (2) preliminary development of selected
alternative forms for characterization of performance potential and conceptual processes, which
ended October 1981, with the selection of one alternative form (in addition to borosilicate
glass); and (3) an assessment of environmental and economic impacts of the two forms to support
a final waste form decision by October 1983.

The first step in this program, a screening evaluation and the selection of the alternative forms,
has been completed.! In addition to the reference borosilicate glass form, three generic

forms were selected for more analysis: high silica glass from a porous glass matrix process;
generic crystalline ceramic, such as SYNROC or tailored supercalcine ceramic; and gemeric

coated ceramic particles. In the second step, these forms were compared to the reference
borosilicate glass form for safety, processing, performance characteristics, and resulted in

the selection of ¢rystalline ceramic as the alternative waste form.

Basic elements of the AWF assessment program include: development and characterization of

waste forms; process development; conceptual design studies; and risk assessments for all
components of the waste manufacturing and disposal system. An environmental review will be
performed to assess and document the potentiai environmentai impact of aiternaiive waste formisj.
This review will serve in conjunction with data from the waste form development programs as the
bases for the final waste form decision.

It is recognized that selection of a waste form other than borosilicate glass for SRP waste
would impact the DWPF program and would result in some nonrecoverable costs and delays in
design, construction, and start-up of the facility. To minimize these potential impacts,
results of the AWF evaluation program are being followed closely and will be integrated into
the DWPF design effort insofar as is practical.

B.2 PROGRAM

The program to develop an immobilijzation process for SRP high-level radiocactive waste began in
1973. The characteristics of SRP waste were investigated to define tentative criteria for
acceptable waste forms. Subsequently, a literature study was made of the properties of available
candidate solid waste forms and of the processes that are used to prepare them. An evaluation
of each of these waste forms was made by (1} comparing their properties with the criteria for
acceptance and (2} determining if the processes for making them are compatible with SRP waste.
The resglts of this study are provided in the report, Solid Forms for Savanmah River High-Level
Wastes.

Based on the above study, concrete and borosilicate glass were seiected for further evaluation.
Waste forms were produced using simulated and actual SRP waste, and conceptual designs were
compieted. After evaluation’~> of the waste form properties and process requ]rements, boro-
silicate glass was selected as the reference DWPF waste form in 1977. A major effort is
currently underway to develop the technology required to immobilize SRP high-level waste in
borosilicate glass.

TC



TC

8-4

In addition, DOE has investigated several alternative waste forms that appeared to possess
better product performance characteristics tham borosilicate glass. Preliminary repository
acceptance criteria have been estabiished, and preiiminary performance and process data on
alternative forms have been developed.

To provide the technical information to enable final selection of the waste form for the DWPF,
viable alternative forms with the highest potential for improved performance over the reference
borosilicate glass form were evaluated in a Savannah River Laboratory (SRL) assessment program.
forms with poorer product performance properties were not considered further. A recent screening
evaluation! indicated that processing complexity for all forms evaluated except one was greater
than for borgsilicate glass. That exception was similar to glass in process complexity but had
poorer product performance properties.

Information on the selected alternative will be developed for fabrication and performance
characteristics; on processing characteristics including production feastbility, complexity,
equipment reguirements, and compatibility with remote operation; and on impact of the alternative
form on the safety of the total immobilization system from manufacturing to terminal storage in
the repository. Processing and equipment considerations will be addressed in the development and
assessment programs.

The principal elements of the AWF assessment program are listed below and discussed in detail
in the next section:

1. assessment of alternative waste forms, selection of most promising forms for detailed
evaluation, and final selection of waste form for the DWPF;

2. development and characterization of waste forms;

3. comparative testing of alternative forms containing simulated waste;

4. process development;

5. conceptual design studies to determine impacts of AWFs on the OWPF; and

6. risk assessments (dose-to-man) associated with all components of the waste form manufacturing-
disposal system.

The AWF assessment program for SRP waste relies on the development of the selected forms and

their processes by contractors of DOE's National HLW Technology Program.®*7*® The basis for

final waste form selection for the DWPF will be the combined results of contractor development
programs and the SRL assessment program, Final selection will consider results of repository
studies by the Office of Nuclear Waste Isolation (ONWI}, including the specifications of repository

conditions and radiation risk assesSments; transportation safety studiss under the Transportation
Teghno]ogy Center at Sandia National Laboratories; and the development of waste form acceptance
criteria by the Nuclear Regulatory Commission {NRC) 4in conjunction with ONWI. Figure B.) gives
the schedule for-DWPF construction and operation, including the waste form selection, and fts
relationship to the repository and transportation programs.

8.2.1 Program elements

B.2.7.1 Assessment agd selection of waste form

The preliminary screening evaluation’ of eleven waste form candidates was completed and
three generic forms, in addition te borosilicate glass, were selected for more detailed analysis:

V. high silica glass from a porous glass matrix process,
2. generic crystalline ceramic such as SYNROC and other tailored ceramic, and

3. generic coated ceramic particles.
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Fig. B.1.

Coordination of HLW facilities with repository and transportation programs.
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The generic forms selected represented at least five specific forms and process alternatives,
Other conclusions reached from the preliminary assessment were:

1. borosilicate glass is the best overall choice of waste form at this time, having the
highest ranking for a combination of perfarmance (product) and process factors;

2. none of the ten alternative forms assessed appear to offer improvements in processing nyer
borosilicate glass: and

3. additional R&D of the alternative forms will be required to demonstrate the existence of
viable forms and practical processes.

Assessment of the alternative waste forms has been a continuous process as new data were develnped.
Based on product and process data developed on leaching tests of candidate forms at SRL and an
engineering studies of the conceptual processes, the crystailine ceramic form in addition to
borosilicate glass was selected for further study. The final selection of the waste form for the
DWPF will be made by October 1983 or earlier.

B.2.1.2 Development and characterization of waste forms

The National HLW Technology Program has made an intensive effort to expedite R&D on candidate
alternative waste forms at DOE laboratories, industrial contractors, and universities. The
initial emphasis of each of these programs was on the development, production, and characteriza-
tion of candidate forms with simulated SRP waste. For the four forms seletted after the pre-
liminary screening, the following contractors participated:

1. borosilicate glass at SRL and Pacific Northwest Laboratory (PNL);

2. high silica glass at Catholic University of America (CU);*

3, tailored ceramic at Rockwell Tnternatienal) (RIV/Penn State University; SYNROC at LLNL
Argonne National Laboratory (ANL), North Carolina State University; and

4. c¢oated ceramic form and coating development at PNL/Battelle Columbus Laboratory (BCL};
coated ceramic particles via sol-gel processing at Oak Ridge National Lahoratory (ORNL),

..... aa 2

The program in 582 and beyond for the SRP defense waste application wiil focus on demonstration
of compatibility with SRP waste. Basic form development will probably be continued by the
National HLW Technology Program for application to other defense or commercial waste but the

most promising alternative form for SRP waste should be established by the end of FY-1981.

-
ri-

B.2.1.3 Characterization of waste form performance

A compara@ive examination of the waste form properties, especially leach resistance, is essential
in determining the relative merit of candidate forms. A comparative leach testing program

was implemented in FY-1980. The Materials Characterization Center at Pacific Northwest Labora-
tory {PNL} provided similar data for more forms under the National program. Samples of candidate
wiaste forms were provided by the developers for the SRL leach testing program. Data from these
comparative tests were used in conjunction with data generated by the developers and with results
of preliminary process studies to provide the basis for continuing with the development of boro-

silicate glass as the reference form and further product and process development of a crystalline
ceramic form.

. _
Deveioper of high-silica glass waste form under subcontract to NPD Nuclear Systems, Inc.
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B.2.1.4 Process and equipment development

Preliminary process deve]opment and testing will be done primarily by the waste form TC
contractors culminating in the establishment of reference processes in FY-1982. ({Testing

of unit processes also may be conducted by SRL and the contractors to ensure production
feasibility.)

If a form other than borosilicate glass is selected, the hot start-up of the DWPF would be

delayed. To minimize this delay, integrated pilot-scale development and large-scale tests
could be initiated in FY-1983 to develop and demonstrate the production process.

B.2.1.5 Engineering design studies

Translation of the bench-scale processes under development in the AWF program to full-scale
processes that can operate reliably in a remote, shielded facility is essential for the ultimate
utilization of any of the AWFs. Preliminary conceptual designs were completed by August 1981 TC
for the three generic forms selected. These studies will provide conceptual flowsheets, scope
equipment requirements, develop impacts on the DWPF, and produce estimates of incremental costs
relative to the borosilicate glass reference case.

B.2.1.6 Risk assessments

The waste form selected for the DWPF must provide acceptably low exposure risks to people.

Risk assessments will be required for waste form production in the DWPF, interim storage at the

DWPF of waste canisters, transportation to the repository, and terminal storage in the repository.
Although the pre-repository phases will likely have the greatest risk to man, repos1tory risk
considerations may dominate because of the difficulty of quant1fy1ng risk over .~10¢ years. A
preliminary release consequence analysis for borosilicate glass in a salt repository was

developed by ONWI. A more extensive analysis covering the forms of interest for SRP waste in |TC
salt, basalt, and granite is being developed by Lawrence Livermore National Laboratory {LLNL) and

=heu!d be completed in FY-1082. CcmPUIa*1ve risk assessments covering production, interim

storage, transportation, and disposal in a repository of the candidate waste forms will be
performed in FY-1982. These risk assessments will be an important part of the environmental
review of the DWPF waste forms.

- B.2.2 Key milestones

The AWF Program involves a continuing effort to reduce the number of waste forms and processes

under consideration so that the maximum available resources can be devoted to the most promising
alternatives. Key decision points coincide with this selection process at December 1979 (the TC
reduction from 11 to 4 gener1c forms) by October 1981 {the choice of the crystalline ceramic

form, in addition to glass}, and by October 1983 {the final selection of the waste form for the I

DWPF ).

o
s
n

(=]

B.3 RELATIONSHIP TO DWPF AND REPOSITORY PROGRAMS

The schedule for the Defense Waste Processing Facility calls for construction to begin early in
FY-1983 and operation (for the Stage I facility) to begin in late FY-1988. Design of the DWPF
is proceeding based on the reference borosilicate glass process. If, however, an alternative
form is selected instead of borosilicate glass by October 1983, the major impacts would be



TC

TC

ir
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1. delay in the OWPF schedule by )1 to 4 years to allaw for process development and design
changes to the immobilization facility,

2. costs of abandoned design, estimated to be less than 10% of the project cost: and
3. increased cost of a larger production facility.

The first two impacts will be minimized by the continuing process of reassessing the alternatives
and taking appropriate action. For example, the DWPF constructfon start-up could be delayed
should the crystalline ceramic form show an outstanding promise. Also, process development of
the crystalline ceramic form could be accelerated to minimize the overall delay. Sufficient data
from the development program will be available in FY 1982 to indicate whether the crystalline
ceramic form or borosilicate glass has the better chance of becoming the OWPF waste form.

The waste form assessment and selection process for the DWPF will invelve a continuing evaluation
of results of the development program, described in Sect. B.2, and an environmental review that
will make use of these results. Results from these studies and from comparative risk analyses of
the candidate forms for the production, transportation, and reposttory systems {Sect. B.2.1.7)
will provide the bases for the envirommental review. The environmental review will be completed
and documented on time to support the final waste form decision by October 1983, or earlier,
depending on results of the AWF studies.

8.4 WASTE FORM DESCRIPTION AND DEVELOPMENT STATUS

The four waste forms that were selected for study in the AWF assessment program have varied
product performance and process characteristics. Major attributes of the forms are summarized
in Table B,1. A brief description of earlier forms and their development status is presented
below.

Table B.1 Featuras of alternative waste forms

Major

W for|
aste form disadvantages

Advantages

Simplest process Glass melter required
Lowest cost
Adequate lzachability

Low sensitivity

Borosilicate glass

High-silica glass

Crystalline ceramics

Coated ceramic

Via Soi-Gel

Low leachability
Low sensitivity

Low leachability
High-temperature stability
High waste loading

Muitiple barriers
Very low leachability
Hign-termperature stability

No dry powders

Calciner required

Dry powders handled

Higher cost than boro-
silicate glass

Complex mechanicat
operations

Very finé powders
{milling) required

Calciner and hot
isostatic pressing required

Tailoring required

Higher cost than boro-
silicate glass

Very complex process

High cost

Calciner and high-
temperature coaters
required

Dry powders handled

Difficult off-gas
treatment

Highest complexity,
cost

Much process waste
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B.4.1 Borosilicate glass {OWPF reference form}

Tha reference process and the alternative staged process for making the borosilicate glass
waste form are described in Sects. 3.1 and 3.3, respectively. Both involve formation of a
vitrified waste form by melting a glass-frit/waste mixture at about 1150°C. The molten glass
is poured into cans measuring 0.61 m in diameter by 3 m high filled to about 2.4 m, to form
monoliths that partially fracture on cooling. The waste is incorporated into the glass matrix
(density of ~2.8 g/mL} with about 28 wt % loading on an equivalent oxide basis, or about

0.78 g/mL waste density.

Major advantages of the borosilicate glass form include its relatively simple process and low
cost and its very low sensitivity to variations in waste composition and process conditions.

Borosilicate glass is the most developed waste form and continues to receive the major share of
the overall development effort. In the United States, development is primarily concentrated at
the Savannah River Laboratory (SRL} for SRP waste.® Initial development was accomplished at
Pacific Northwest Laboratory (PNL).10-}2 At SRL, the borosilicate glass process is being
successfully demonstrated on an engineering scale with simulated (non-radicactive) waste and
tested on a laboratory scale with actual SRP waste. Physical property data have been obtained
on full-size nonradicactive forms and on small-scale forms made with actual waste.? Results,
which include extensive data on leaching behavior and data on mechanical and radiation stability,

LR PPt P, ool [ ann -

indicate that borosilicate glass is a most satisfactory immobilization form for SRP waste,.®

B.4.2 High-silica glass

High-silica natural glasses {obsidians and tektites) are known to have survived for long periods
of time in terrestrial environments. However, these glasses melt at about 160G0°C, which is

high enough to volatilize ruthenium and cesium radionuclides from the waste. The Catholic
University of America (CUA) has developed a Porous Glass Matrix {PGM) Process for making the
high-silica glass waste form at much lower temperatures,l3

One option of the PGM process is similar to the in-can melting process developed by PNL for
borosiiicate glass. In this process, the waste siudge is calcined, the calcine is blended with
powdered porous-glass frit, and the mixture is loaded into Inconel Canisters and sintered under
vacuum at 900° to 1200°C into large glass mongliiths. The key to this process is the high
surface area of the porous glass frit, which allows the glass to flow at a relatively low
temperature. The final form would be essentially identical in size and shape to the reference
glass form and would contain about 25 Wt ¢ of calcined waste.

The major advantages of the high-silica glass form are its potential for lower leachability than
borosilicate glass and its low sensitivity to variations in waste composition. The in-can
melting option to the PGM process would be the least complex of the alternative processes but
still would be more complex than the reference process.

Initial development of the high-silica glass form at CUA has been performed on a bench-scale with
simulated (nonradioactive) SRP waste. Early leach test results conducted at expected repository
temperatures indicate factors of 30 to 300 decrease in leachability relative to borosilicate
glass may be achievable. A potential production process for this form has been defined and is
being evaluated in conceptual design studies.

B.4.3 Crystalline ceramics

Two crystalline ceramic forms are being developed which would bind the waste elements within
mineral-1ike, leach-resistant phases: the "Tailored Ceramic" form!“ under development at
Rockwell International (RI) and the “SYNROC" form under development for defense wastes at
Lawrence Livermore Laboratory. The Tailored Ceramic form, which is mainly comprised of spinel-
Vike oxide phases, is a spin-off of the supercalcine form originally proposed by Penn State
University. The SYNROC form is an assemblage of titanate mineral and spinel phases. SYNROC
was originally developed by A. E. Ringwood of the Australian National University,!5 who is
presently a consultant on SYNROC development to LLL.

The most feasible process for making crystalline ceramic forms involves hot isostatic pressing
{HIP} large ceramic monoliths., In this process, chemical additives tailored for the waste
composition would be mixed with the waste sludge, the mixture calcined and milled to obtain a
ceramic-grade powder, and the powder sealed into a meta} canister and then sintered under

pressure by hot isostatic pressing at temperatures of 1100°-1200°C to form a dense, encapsulated
ceramic with the desired cyrstalline phases. The final form envisioned is a cylinder about

2Lal e PNdaE, ! WF oS duduL

0.5 m in diameter by 1.1 m high, with waste Toadings of 30 to 70 wt % on a dry oxide basis.

-
IF-
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Major advantages of ceramic waste forms are their lower leachability and higher thermal stahility,
although high thermal stability is not necessary for the low heat containing defense wastes,

These improved properties, however, can only be realized through use of a significantly more
complex process than the reference glass hrocess,

Initial development of the crystalline ceramic forms has been performed on a bench-scale with
simutated SRP waste. Preliminary formulations have been developed which incorporate 30 to 90
wt % waste, depending on composition. Early Teach test results indicate factors of 10 to 100
decrease in leachability relative to borosilicate glass for expected repository temperatures.
A potential production procéss for these forms has been defined and is being evaluated in

conceptual design studies,

B.4.4 Coated particles

Additional barriers to leaching couid be provided by coating ceramic waste particies (0.7~ to
1¢-mm diameter) with impervious materials, such as pyrolytic carbon, alumina, or silicon carbide.
PNL is developing technology to apply coating materials by chemical vapor deposition to disk-
pelletized waste-bearing ceramic or glass particies.!®,17 The development of technalogy to
apply coating materials to sol-gel derived ceramic-waste spheres is being performed at Qak Ridge
National Laboratory.l®

Both the PNL and ORNL processes for obtaining mechanically stable, coatable particles are
extremely compiex and contain many uncertainties at the present stage of development. The
coating operations, in either fluidized bed or mechanically assisted coaters, are also very
complex. Because of processing difficylties, development of coated particle waste forms has
lagged behind the other alternatives. Very i1ittle relevant data exist for coated particle
forms.

A preiiminary conceptual design study by du Pont Engineering Department of a potential production
process indicates that the building size and cost, the overall process complexity, and the
areas requiring major development and invention significantly exceed those for the other

altarnativec
aiernaiives.
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Eco-Inventory Studies, Inc.
Bex 1898
Mississippi State, MS 39762

30 May 1976

Br. Jan Caldwell

Savannah River Ecology Laboratory
Draver E

Aiken, SC 29801

Dear Jan:

As you requested, we have surveyed the site on SRP you referred to

as "S" area for evidence of Red-cockaded Yoodpeckers. I visited the
area on 15 and 16 May 1979 along with my work crew consisting of

C. b. Cooley, B. J. Schardien, D. Cavin, H. Pitcher, and K. Day. We
waiked north-south transects at 300 foot intervals through the entire
area but found no Red-cockaded Woodpeckers nor signs of their having
been in the area. In general the pine forest in the area is either toc
young or too overgrown with thick hardwood understory. There are

some older trees in the area and much potential habitat for this
endangered species. If hardwoods are thinned, a controlled burn is
run through the area at about three year intervals, and the pines are
allowed to reach ages of BO years or more, Red-cockaded Woodpeckers
might colonize the area. Without such efforts I doubt that they would
use the site.

Puring our visit to the area we recorded the following other bird species:

Chuck-will's-widow - {including a nest with one egg laid on pine straw
in open ca 20-year-old pine woods)

Yellow-shafted Flicker - probably nesting near the clearcut area

Brown Thrasher

Great Crested Flycatcher

Bobwhite

Yellow-breasted Chat

Common Crow

Tufted Titmouse

Summer Tanager

Prairie Warbler - (numerous and probably nesting]

Pine Harbler

Turkey Vulture

Pileated Woodpecker

Hairy Hoodpecker

Red-bellied Woodpecker - {a male was excavating a nest cavity in a
dead stub at the edge of the clearcut)



Carelina Chickadee
Eastern Wood Pewee
Red-eyed Vireo
Blue-gray Gnatcatcher
Indigo Bunting
Acadian Flycatcher

We will be returning to the Savannah River Plant next week and would

be happy to visit the area with you if you have any questions concerning
our observations or if you have additional sites for us to check.

Best regards,

+

Jerome A. Jackson
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Dr. Jan Caldwell
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Box 1836

Mississippi State, MS 39762

21 June 1980

Savannah River Ecology Laboratory

Drawer E
Aiken, 5C 29801

Dear Jan:

At your request Bernard Rowe, Bette Schardien, and 1 have completed
a4 survey of the approximately 1280 acres of forest area identified on

the attached maps as "alternate areas A and B."
areas on 22 May and on 17, 18, and 19 June 1980.

We worked in these
0f the acreage included

in these areas, some has already been cleared for other purposes and
some is very dense bottomland hardwood forest - there was no need to
systematically search these areas for Red-cockaded Woodpeckers since

these habitats are unsuitable for the species.

We did carefully and

systematically search approximately 850 acres and found no sign of

past or present use of the area by this endangered species. With

proper management and long rotations (80-100 years) the higher portions

of either area could become suitable habitat for Red-cockaded Woodpeckers
these include particularly the areas hatched in red on the attached maps.
From a wildlife point of view, I would recommend the use of alternate

site A for the proposed facility because of the already extensive disturbance

in the area.

During our survey efforts we recorded the following bird species on the

areas:

Mourning Dove
Tufted Titmouse
White-eyed Vireo
Indigo Bunting
Bobwhite
Rufous-sided Towhee
Orchard Oricle
Carolina Chickadee
Blue-gray Gnatcatcher
Chimnay Swift

Black Vulture
Red-tailed Hawk
Eastern Wood Pewee
Pine Warbler

Blue Jay

Prairie Warbler

Blue Grosheak
Brown-headed Nuthatch
Red-winged Blackbird
Mockingbird

Belted Kingfisher
Barn Swallow

Common Yellowthroat
Yellow-breasted Chat
Red-neaded Woodpecker
Eastern Bluebird
Great Crested Flycatcher
Field Sparrow

Eastern Kingbird
Summer Tanager
Red-shouldered Hawk
Bachman's Sparrow
Brown-headed Cowbird
Carolina Wren
Common Crow

Downy Woodpecker
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Bird species identified incidental to Red-cockaded Woodpecker survey of
Alternate Site B

Red-bellied Woodpecker Summer Tanager

Pine Warbler Hairy Woodpecker
Carplina Chickadee Eastern Wood Pewee
Hourning Dove Pileated Woodpecker
Bobwhite Common Highthawk
Red-tailed Hawk Yellow-throated Vireo
Rufous-sided Towhes Eastern Bluebird
Yellow-billed Cuckoo Prothonotary Warbler
Blue-gray Gnatcatcher Yellow-shafted Flicker

Downy woodpecker
Carolina Wren
Brown-headed Nuthatch
Barn Swallow
White-eyed Vireo
Tufted Titmouse
Comron Yellowthroat
Indigo Bunting
Brown-headed Cowbird
Red-eyed Vireo
Comrmon Crow

Acadian Flycatcher
Hooded Warbler
Cardinal
Ruby-throated Hummingbird
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Thanx you for the opportunity to do this survey. Please note on the attached
invaice that the check for payment should be made payable to Eco-Inventory
Studies, Ing., rather than to me personaliy.

1¥ 1 can be of further assistance, please lat me know.
Sipcerely,

Jerome A, Jackson, Ph.D.
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November 7, 1981

Mr. R. N. Smith, Regional Director
United States Department of the Interior
Fish and Wildiife Service
75 Spring Street, 5.W,

MNA

Art moms o anana
At Ldlica, uvn dUIUT

Dear Mr, Smith:

PROPOSED CONSTRUCTION OF THE DEFENSE WASTE PROCESSING FACILITY, SAVANNAH RIVER
PLANT, LOG NUMBERS 4-2-80-I-260 AND 4-2-80-I-83

The Department of Energy i1s considering the comstruction and operation of the
Defense Waste Processing Facility (DWPF) at the Savannah River Plant for
immobilizing the high-level radiocactive waste In storage for disposal. A
Notice of Intent to prepare an envirommental impact statement (EIS) was
published in the Federal Register (45 FR 15606, March 11, 1980), and comments
dated June 16, 1980, Re 4-2-80-I-260), This letter is a followup to Dr.
Oertel's response to Mr. Hickling dated August 25, 1980.

Reference 1s also made to the letter from P. Mulhelland, Qak Ridge National
Laboratory, to K. Lack of your office dated January 29, 1980, and your response
dated March 3, 1980 (Re 4-2-80-1-83), concerning the presence of any threatened
or endangered species at the proposed construction site {S-Area) for preparing
the DWPF-EIS. Your letter indicates the possible presence of the endangered
Red-cockaded Woodpecker (Picoides borealis).

At the request of this office, the Savannah River Ecology Laboratory (SREL} of
the University of Georgia initiated an ecologicai astudy of the proposed S-Area
and other related areas in February 1979. This study includes a survey to de-
termine the presence of any nationally threatened or endangered species. As
documented in the enclosed SREL report, "A Biological Inventory of the Proposed
Site of the Defense Waste Processing Facility on the Savannah River Plant in
Alken, South Carolina" (Oct. 1980), there are no Federally listed endangered
species on the proposed S~Area and the related areas. This determination was
made by the experts from SREL for the American Alligator (Alligator mississippiensia)
and the Pine Barrens Tree frog (Hyla andersomi), and by J. A. Jackson of
Mississippi State University for the Red-cockaded Woodpecker (Picoides borealis).
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Mr. R. N. Smith November 7, 1980

It is our judgment that the Department of Energy has satiafactorily completed the
"Step—-down Process - Construction Project” by submitting the enclosed report as
the Bilogical Assessment and by the determination of "no effect” on endangered
species of the proposed construction project. We are ready to discuss our
findings with you if you feel it necessary. Quest

directed to S. R. Wright (FTS 239-3093) or J. C. Tseng (FT$ 239-3969) of my
staff.
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Sincerely,
R. L. Morgan
EE: JCT:DIC Manager
Enclosure
ce w/encl:

W. €. Hickling, Fish and Wildlife
Service, Asheville, NC
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United States Department of the Interior
FISH AND WILDLIFE SERVICE

ROOM 279, FEDEAAL SUILDING
ASHEVILLE, NORTH CAROLINA 23801

November 24, 1980
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Mr. R, L, Morgan, Manager
Department of Energy

Savannah River Operations Office
P.0. Box A

Aiken, South Carolina 29801

Ra:  4-2-80-1-250 and 3-2-80-1-383
Dear Mr. Morgan:

We have reviewed the biological assessment on the proposed construction
of the defense waste processing facility for the endangered red-cockaded
woodpecker at the Savannah River Plant in Aiken and Barnwell Counties,
South Carolina.

The biological assessment is adequate and supports the conclusion of no
impact, with which we concur. In view of this, we believe that you have
satisfied the requirements of Secticn 7 of the Endangered Species Act,

Your interest and initiative in enhancing endangered and threatened
species is appreciated.

Sincerely yours,

/P A

Witljam C. Hickling
Area Manager
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MISSISSIFPFRI STATE UNINV SRSIT - 4

Dr. Jan Caldwell

Savannah Hiver Ecology Laboratory
Drawer E

Aiken, SC 29801

Dear Jan:
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DEPARTMENT OF BIOLOGICAL SCIENGCES
P. O. DRAWER GY

MISSISSIPRI STATE, MISSISSIPF 29762
PHONE (891) 32%-5722
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...rz designeted as the
fourd no eviden:t of present or past
use of the site by the endangered Red-cockade:.
in the area are generally too young to he of .

Yoodpecker. 2ines
52 as cavigy trees by

I I can be of further help, please let me know,

Sincerely,
B}:‘\W‘- K -A{D‘%‘-—-—

A
Jercme A. Jackson
rofesor of Biological Sciences
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TRANSPORTATION

D.1 SHIPPING RADICACTIVE WASTE FROM SRP

Shipment of radiocactive waste from SRP to the repository can be by rail or by truck. If private
industry is able and willing to assist DOE, common carriers could be hired to move the wastes,
Common carriers transport materials for the general public under published tariffs and rate
schedules. They would be subject to OOE directives and Department of Transportation (DOT) and

Interstate Commerce Commission (ICC) regulations when carrying wastes from the SRP site to a
renository,

If private industry is unable or unwilling to provide the necessary transportation services or
equipment, DOE would then have to purchase its own casks and overpacks and arrange for transport
of the waste.

D.2 APPLICABLE REGULATIONS

No HLW has been shipped in the United States, but because the relative amounts of radicactivity
in HLW and in spent fuel are similar and because the HLW casks will be similar to the spent fuel
casks, the experience gained with spent fuel casks is being directly applied to ensure safe HLW
cask designs, Experience gained in the design and use of spent fuel casks has resuited in com-
prehensive regulations covering the performance of the casks, vehicle safety, routing of ship-
ments, handling of shipments, and physical protection, many of which apply to HLW. The
organizations responsible for writing and enforcing these regulations are discussed next. Sub-
sequently, the requiations concerning each of the areas mentioned previously will be discussed
briefly.

D.2.1 Responsible organizations

Four Federal agencies are currently charged with responsibilities related to the transportation
of radicactive waste in the United States: Department of Transportation (DOT), the Nuclear
Regulatory Commission (NRC), DOE, and the Interstate Commerce Commission (ICC). Where over-
l2pping responsibilities exist, Memoranda of Understanding {MOU} have been issued between the
agencies to define areas of responsibility.

Shipments of HLW made by the SRP are not governed by the regulations of the NRC, which has
regulatory authority over its licensees (commercial shippers}. As a result, the functions of the
NRC will not be discussed, The ICC is the principal authority for requliating rates, charges, and
conditions of truck and rail services operating in interstate commerce. Because most ICC regula-
tions are related to the economics of transportation and because the primary concern of this
section is safety, the regulatory function of the ICC will not be discussed further.

DOT and DOE are responsible for the safety of transporting radioactive material from the SRP.
DOT has the primary responsibility for safety in transporting radicactive material, and DOE has
the authority to design and certify its own packagings to be used by government shippers and is
not required to license its packagings through the NRC. Nevertheless, the DOE certifies that an
HLW packaging {cask) will meet DOT and corresponding NRC test criteria.

DOE, through its management directives and contractual agreements, protects public health and
safety by imposing, on its transportation activities, standards similar to those of DOT and NRC.

DOT specifies and enforces regulations to ensure that hazardous material is properly classified,
described, packaged, marked, labeled, placarded, and prepared in the required cendition for
shipment. DOT has recently publish$d proposed rules for the highway routing of radioactive
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DOT is responsible for enforcing vehicle safety standards, setting allewable radiation levels,
and requiring the use of tamper-indicating seals. ODOT also specifies criteria governing the
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loading or location of radicactive cargo relative to other materials being shipped. Far rail
shipment, the location of the car carrying radicactive cargo in relation to other placarded
railcars, the engine, or cabogse are covered by other DOT criteria.

The role of state and local governments in requlating nuclear materials tramsportation, particu-
Yarly in relation to Federal jurisdiction, continues to be an unresolved question. An act
recently enacted in South Carolinal is one example of a state atiempt to control and regulate the
interstate and intrastate movement of radioactive materials shipped by the Federal government.
This Taw established state requirements for carrier permits, prenetification, routing, and
emergency response procedures.

An agreement was reached between DOE and the State of South Carolina? to exempt all shipments of
spent nuclear fuel and radioactive wastes that are being shipped tc or from SRP from State
controls. These controls are specified in the "South Carolina Radicactive Transportation and
Disposal Act of 1980."' DOE has agreed that the Savannah River Operations Office will monitor
these shipments and advise the State of the movement of spent nuclear fuel or Tiguid low-level
radicactive wastes.

Many state governments have passed legislation?® requiring special actions regarding radioactive
material shipments. One state, Louisiana,” has a law prohibiting shipment of HLW into the state.
Some states require advance notices of shipments, permits, and/or registration (some with fees).
811 states require compliance with DOT regulations and some include compliance with NRC, ICC,

Coast Guard, or postal regulations. Some states also require Tiability insurance coverage up to

$1 million. Other requirements by certain states include accident notification; routes to be
prescribed by the state agency; 1imited hours or days of travel; special permits for {or restricted
use of) certain bridges, toll roads, sites, and tunnels; detailed bills of lading to accompany
each shipment; and special quarterly or annual reports of shipments.

Because many such laws, including the louisiana regulations, will be inconsistent with the DOT
routi?g regulations® to take effect in February 1982, they are likley to be preempted {refer to
n.2.4). .

D.2.2 Packaging

The primary means for ensuring safety during the transportation of radioactive material is proper
packaging., Consequently, many radioactive-material transport regulations are concerned with
packaging standards.

DOT regulations applicable to packaging are contained in 49 CFR Part 173: Shippers — General
Requirements for Shipments and Packagings. This reguiation states that HLW packagings must meet
all requirements to prevent the dispersal of radioactive contents without loss of shielding
during normal transport. Tests and environments that simulate extreme conditions of normal
transport are outlined in 49 CFR Part 173.398{b). HLW casks must also survive hypothetical
accident conditions. Hypothetical accident conditions are described and allowable releases are
defined in 49 CFR Part 173.398(c). Surface contamination for HLW packagings is limited to
specified levels, and the method for assessing the amount of surface contamination is described
in 49 CFR Part 173.397.

0.2.3 Vehicle safety

No additional or special vehicle regulations are imposed on the carrier of radioactive materials
beyond those required for a carrier of any hazardous material. Truck safety is governed by the
Bureau of Motor Carrier Safety of DOT, which imposes vehicle-safety standards on all truck
carriers (49 CFR Part 325, 386-398). Along with other functions, the Bureau conducts umannounced
wayside inspections of vehicles and drivers. During the inspection, the condition and Joading of
the yehic1e and the drivers' documents are checked. These checks are performed on all truck
carriers.

Rail cars and trucks carrying HLW will be placarded according to 49 CFR Part 172. DOT Regulation
49 CFR Part 174.8 specifies that each placarded rail car and each adjacent car be inspected by a
duly authorized representative of the carrier or DOT at each required inspection point to

ensure that the cars are in a safe condition for transportation. The inspection includes a
visual inspection for obvious defects of the running gear and any Teakage of contents.

D.2.4 Routing

The DOT proposed routing regulations (HM-164)% were published on Jan. 30, 1980, for comment.
Final  routing regqulaticns were published by DOT on Jan. 19, 1981,% and will become effective on
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Feb. 1, 1982. HM-164 attempts to reduce potential hazards through avoiding heavily populated
areas and minimizing travel times. Hazards will be reduced by using interstates or alternatives
selected by states, referred to as "preferred highways.” Under its authority to regulate
interstate transportation safety, DOT can prohibit bans and restrictions imposed by state and
local laws as "undue restriction of interstate commerce." DOT holds that different, conflicting
requirements among jurisdictions may be unduly restrictive to shippers and carriers and may add
to accident risks by diverting shipments to highways having higher accident rates. State and
Tocal requirements would be preempted by the proposed regulations if they

1. compietely prohibif travel between any two points served by highway;

2. prohibit the use of an interstate highway, including prohibition of travel based on time of
day, without designation of an equivalent preferred highway as a substitute in accordance
with the provisions of the regulation:

3. require use of a preferred highway except in accordance with the provisions of the
regulation;

4. require prenotification of state and/or local authorities or escort;
5. require special personnel. or equipment.

The DOT ruie will require a placarded vehicle carrying a large-quantity package of radicactive
materials, other than spent fuel, to be operated with an advance written route plan prepared by
the carrier for a route on preferred highways that would result in risk to the fewest persons and
minimized transit times. Carriers of HLW shipments would be required by DOT to use interstate
urban circumferential or bypass routes, if available, to aveid cities. If circumferential or
bypass routes are not available, carriers could use interstate or preferred highways that pass
through urban areas.

Rail transportation of HLW would be similar to other loads routinely transported, including
hazardous nonradicactive materials., Routes are fixed by rail locations, and urban areas cannot
be readily bypassed by alternative routes. Certain routing restrictions may also be established
L dblbe —doed—n nw A& odadkoad bhiy manaim dimmml ~mnmdibdliaocae dm smma Swmeaam MAT haer wmd detiind Amu wamalal
U‘y Lre SLgaliesy or UI'{.LaLt.'u.U_y pUur Lrabk LURUILUn> N 3Ulllt.: arcax. WUl NG9 UL 13J3UECU Wily TTYUIw™
tions regarding routing of hazardous material for rail shipment.

D.2.5 Handiing

During handling, DOT requires the carriers of radicactive materials to perform special actions

in addition to those regquired for other hazardous materials. Because the safety of radioactive
material transport is primarily governed by packaging design regulations. the special actions

are largely limited to administrative actions such as documenting, certifying, and placarding.
However, one important action is to ensure that radiation levels are not exceeded in any shipment.
Regulations describe the allowable radiation levels, the requirement for tamper-indicating

seals, and inspections to ensure that packaging remains within acceptable radiation Tevels.
Regulations also describe special handling requirements such as the restrictions on the switch-
ing of rail cars that are Toaded with radivactive material and placarded {49 CFR Part 174.83)

and the position of the placarded car on a moving or standing train (49 CFR Part 174.89).

D.2.6 Physical protection

HLW contains almost all of the fission products from the processed spent fuel and also small
quantities of unrecovered uranium and plutonium. HLW would not be a credible source of strategic
quantities of plutonium because the residual plutonium concentration in the HLW is very dilute
and extraction of the plutonium is not practical. Thus, unlike spent fuel, physical protection
of HLW shipments is not required.

D.3 PACKAGINGS FOR TRANSPORTING SOLID HLW
HLW generated at SRP will be solidified in canisters that have a 0.61-m outside diameter and are

3 m fong. The packaging used to transport these canisters will be heavily shielded casks
similar to those used to ship spent reactor fuel by truck or by rail.

D.3.1 General description of HLW packaging

Packagings used to transport HLW are being designed to protect the public during normal and
accident conditions of transport. Packagings are designed to specified shielding levels and are



0-6

required to contain the HLW during normai and accident conditions expected during transportation .
of HLW. The accident conditions are simulated by a set of sequential tests [49 CFR
Part 173.398{c)]:

1. free drop through 9 m onto a flat, essentially unyielding surface, striking in a position
for which maximum damage is expected,

2. puncture from }-m drop onto a 15-cm-diam, perpendicular mild steel bar that has a flat end
and is mounted on an unyielding surface,

3. exposure of the whole packaging to a temperature environment of 800°C for 30 min, and
4. immarsion under 1 m of water for 8 h (for fissile materials packaging only).
These conditions are designed to produce severe damage that exceeds the damage that would be
expected for the vast majority of transportation accidents. A cask must be shown to survive
these conditions either by actual test or using amalytical methods. Survival consists of

(1) containment of the HLW, allowing only limited release of radioactive material [as specified
by regulation — 49 CFR 173,398(c}] and (2) no loss of shielding beyond specified limits.

D0.3.2 Package descripticns for HLW

HLW casks are currently being designed and a reference design concept has been completed for
both truck and rail modes., This concept is referred to as a convertible cask. The reference
rail cask will have interchangeable baskets that can accommodate various numbers of canisters.
The cask design is flexible so it can be used to transport HLW from Idaho National Engineering
Laboratory and Hanford, as well as from the Savannah River Plant. Because the wastes at these
facilities vary in compasition, the convertible cask design will be effective and efficient for
transporting the many types of wastes.

Figure D.1 is a drawing of a convertible rail cask and shows the selections of baskets that
would be available, The waste with the largest amount of activity would have to be shipped with
the greatest relative amount of shielding, which in turn would be provided by the basket with
the least capacity.

The truck cask design is also convertible, except that the baskets are interchangeable to reduce
weight, Because only one canister can be accommodated, only the weight of the basket can be
changed. A canister that does not need to be shielded as heavily can be shipped with a lighter
basket to reduce the overall weight, thus minimizing the cost of transportation by taking
advantage of lower shipping costs for hauling lighter loads.

For the reference case of glass HLW form, the most likely rail cask configuration for SRP incor-
porates the five-canister basket. This configuration provides the equivalent of 23 cm of s0lid

steel shielding, and fully loaded, a cask of this configuration would weigh about 85 tonne.

D.4 METHODOLOGY

This section discusses the methodologies used to calculate the radiological and nonradiological

impacts of transporting SRP wastes.

0.4.1 Radiological impacts

The radiological impacts of transport are calculated for both normal and accident conditions.
Impacts from normal transport are consequences (i.e,, they will occur}, whereas impacts from
accidents during transport, estimated on the basis of expected accident rates, are risks {i.e.,
they may or may not accur}. Risks are presented here as expected impacts (consequences x
accident rates).

0.4.1.7 Impacts resulting from normal transport

In normal transport, a cask of waste arrives at its destination without releasing its contents

and without loss of shielding. The exposure of people to radiation arises only from the radiation .
that penetrates the cask. Even though radiation shields are incorporated into cask design to

protect the public as the cask passes by, the cask of HLW exposes the nearby population at a

very low dose rate; after it has passed, however, no further exposure occurs,
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People nearest the routes used to transport the HMLW receive the greatest doses. The population
groups exposed to radiation are, in order of decreasing exposure, people working in the vicinity
of the casks and those accompanying them (train crew or truck drivers) and bystanders, including

those 1iving or working along a route; passing motorists: and train passengers. A computer
code, RADTRAN-11, was developed to calculate exposures to these population groups.

In RADTRAN-II,7 the assessment of population dose during normatl transport is based on the
assumption that the source of radiation {e.g., the caskg is a point source of external penetrating
radiation. Using the dimensions of a cask, the strength of an equivalent point Source is calcu-
lated, from which exposures to various population groups are calculated. The actual equations
used to calculate exposures differ between population groups and transportation modes, but their
basis in the point-source assumption is the same. Derivations of the various equations are dis-
cussed thoroughly in the RADTRAN-I1 documentation.”

A maximum individual dose, the dose to an individual who lives beside a rail track or highway,

is not calculated by RADTRAM-IL but is calculated by using the following equation and by assuming
that the person lives 15 m from the highway or rail track and that the vehicles or trains pass

by at 24 km/h.

Dose/shipment (millirem) = 2.0 x 10-3 (&x/v) I(z) , (D.1)
where
- = 2"%¥3(n) dr

X = dose rate factor, mrem-m2/h,

x = perpendicular distance of individual from shipment path, m,
v = average velocity {kph) of the shipment passing that point,
r = distance of individual from the vehicle passing, m,

B{r} = Berger buildup factor for exposure increase. As a photon beam travels toward a
target, some of the energy is attenuated by collisions with air molecules. This is
expressed by the exponential decay function, e~"¥. However, some of the scattered
energy will be rescattered back towards the target. The Berger buildup factor

accounts for this and is defined as:

5(d) = 0.0006r + 1

)

u absorp;ion coefficient for air 3.6 x 10-% m=!l.

The values for (2.0 x 10~2) 7{x) versus distance are plotted in Fig. D.2. The values read from

this curve can then be adjusted for the particular vehicle speed and dose-rate factor to produce
a consequence factor per shipment.

D.4.1.2 Impacts due to accidents involving HLW

The impacts that could result from transportation accidents are calculated in RADTRAN-II, but
the results are given in terms of population exposure. To be consistent with other parts of
this environmental impact statement, these population results were not presented. Instead,
accident scenarios were defined and doses were estimated for an individual exposed to the
maximum extent.

Tuwn Furne AF arnddacde s nmanmed dowsds mema Joomaludnn 2 navkdal lauoe AF Anmbnmds 2nd Fha Aathan o
TV LyPTa Ul abL IUCHLS WETE LONsIURrEU. UIE 1NnYuilviny 4 parcidil iUad Uil LUlitEnia 47 LI vLnetnr a
loss of shielding. 1In each of these accidents, the individual exposed to the maximum extent
stood within 30 m of the cask for 0.1 hour.

In the loss of contents scenario, the cask experiences both severe impact and fire. The cask
and canister are assumed to be breached, allowing a release of radionuclides into the environ-
ment. Two exposure pathways are considered: inhalation of suspended radionuclides and ground-
shine resulting from gamma emitters deposited onto the ground surrounding the individual. These
are the two pathways for accidents involving release that are considered in RADTRAN-II and that
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Fig, D.2. Values for absarbed dose per shipment.

were found to provide the majority of exposure. For the inhalation pathway, the consequence is
calculated with the foliowing equation:

Dose{millirem) = C{x)} x D, X Br x t X 1083, (D.2)
where
clz) = 1/{2nx2v}, the concentration of released activity at a distance xz(m) from the
source, pCi/m?; the velocity at which material spreads out uniformly from the source,
v=1uw/5s,
Dc = dose commitment factor for the waste,
Br = breathing rate of an excited individual (1175 L/h for adults, 780 L/h for children,
and 350 L/h for infants),
t = the time an individual stands breathing at x m from the source,

The groundshine dose is calculated using the following model:

Dose (millirem) i% zn(ﬁz—;—ﬁ) Xt (0.3)
where

g = millicuries released,

r = radius of a source disk = 100 m,

h = height above ground of target (100 cm for adults, 50 cm for chilaren, and 20 cm for

infants),
r = gamma radiation function for a radionuclide (millirem-cm?/h-millicurie),
t = time an individual stands at a point x m from the source.
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The second type of accident considered is a loss-of-shielding accident, wherein impact (no fire
is assumed) compromises cask shielding but does not breach the cavity or contents. The result
of such damage is an increase of gamma radiation in the area around the cask. The following
point-source exposure model was used:

pose {(millirem) = 5.2 x 10% g%—x t {D.8)
where )

¢ = curies "released," see discussion on pseudorelease fractions in Sect. D.5,

E = radionuclide photon energy level, Mev,

r = distance between source and individual, cm,

t = time the individual was exposed, h.

These eguations calculate the conseguence of an accident should it occur. Because these accidents
are not 1ikely to happen, their consequences are weighted by multiplying them by their probability
of occurrence. The product of the muitiplication is the risk, which oftentimes is referred to

as the expected consequence.

0.4.2 Nonradiglogical impacts

The nonradiological impacts of transportation are calculated for both normal and accident con-
ditions, but only the methodology for normal conditions are considered here. Because of its
simplicity, the methodology used in calculating impacts from transportation accidents will be
evident from the discussion of the accidents themselves.
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Fugitive dust will be generated in the turbulent wake behind a shipment, and chemical effluents,
including particulates, sulfur oxides (SO,), nitrogen oxides (NO,), carbon monoxide (CO), and
hydrocarbons (HC), will be emitted because of the combustion of diesel fuel. Additionally, heat
will be generated from the combustion of diesel fuel and by the radioactive decay of the waste.

Procedures used to obtain amounts of the poilutants emitted and to predict a concentration due
to an assumed amgunt of traffic are discussed in this section,

D.4.2.1 Fugitive dust source terms

Fugitive dust generated on roads is computed using the following equation developed for paved
roads. As the equation (Eq. D.5} indicates, the source term is a function of vehicle weight.
Because the HLW casks are very heavy, more fugitive dust will be generated when they are hauled
than when lpcads more representative of general commerce are hauled.

£ = (0.45)(E5) (s ) (%) (23 (0.5)
where
E = source term, g/km;
& = % of silt on the highway (10);
L = dust foading {1500 To/mite);
¥ = weight of truck-trailer (37 ton);
5z = fraction of dust less than 15 um (0.5);

conversion factor 284 %%}%ég

Fry
"
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The values given in parentheses are the values used in this report and are taken from Ref. 8.
No recommended method is available for computing the fugitive dust entrained in the turbuient

wake of a passing rail car. For this report, the quantity entrained is assumed to be 10% of that
entrained behind a truck, based on work presented in Ref. 9.-

D.4.2.2 Yehicuiar exhaust emissigns

Emission factors for particulates, SO,, CO, hydrocarbons; and NOy from heavy-duty, diesel-powered
trucks and trains are calculated using EPA recommendations.i0»11

D.4.2.3 Pollutant concentrations

The pollutant concentration is calculated using the classic 1ine-source model of diffusion in
which the wind is assumed to be blowing in a direction perpendicular to the roadway. The geo-
metry is represented in Fig. D.3 and the equation is given below.

— K 2 1/2
X = = Iz, (D.6)
Dmax - A'er-n U (11)

where

p”
"

average concentration,

D
T =f MaX ~0.784p ,
Prin

{8

Dpax = 805 m (see Fig. D.3),

Upip = 0m (see Fig. D.3},
u = wind speed: 3 m/sec,
x = downwind distance {m),
¥ =

-
source term (km-h) .
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Fig. 0.3, Geometry used in nonradiclagical impacts for normal transport.
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Furthermore, the travel is assumed to occur along a generic mile with population densities as
described in Ref. 12. Neutral atmospheric conditions are assumed, and the traffic flow is ane
truck or trafn passing a location per hour.

D.5 ACCIDENTS
This section discusses accident environments and the releases that might accur when the most

extreme credible envirvonments are postulated and defines how 1ikely these accident environments
would be.

0.5.1 Accident environments

Because HLW has not been shipped in the United States, accident experience for spent fuel will be
discussed. The casks that carry spent fuel have been proven, either by actual testing or by
analysis, to survive hypothetical test conditions that are more severe than the vast majority of
transportation accidents. These test conditions are described in Sect. D.3.1. HLW casks will
also have to be shown to survive these accident test conditions. Actual accident experience
involving spent fuel casks is limited, and no accident has occurred that was severe enough o
cause release of radicactive material.

Tests conducted on spent fuel casks at Sandia National Laboratories have simulated very severe
accident conditions. Despite the extreme severity of the conditions in these tests, only limited
damage resulted to the casks.!3

Generally, to cause a cask to release any of its contents, extremely severe accident conditions -
must be created or postulated for analysis. A credible scenario that could result in a release
of radioactive material would have to include very severe impact, the velocity of which is
dependent on impact geometry, and/or a very severe fire of long duration. Such postulated con-
ditions are very unlikely during rail or truck transport.l®

D.5.2 HLW release fractions during accidents

In this section, the release fractions that could result from accidents involving the waste
shipments from SRP will be defined and assumptions will be discussed. These release fractions
will be presented in terms of the fraction of total inventory released. The inventories of these
wastes have been defined in Sect. 3.3.1.4.

The release fractions and assumptions given here are meant to be independent of the mode of
transport or cask capacities.

The release of material during a transportation accident involving an HLW glass is assumed to
occur in two steps: (1) material is released from the canister containing the glass to the cask
cavity and (2) material is then released from the cavity to the environment. In this analysis, a
fraction of 10-% is chosen for the release fraction from the HLW canister to the cask cavity
because the canister will deform on impact and would not crack substantially. Actual tests of
glass-filled canisters (unprotected by the cask) conducted by Rossl!® indicate that material is
not expected to be released from the canister even after impacts of 48 kph; only traces may be
released after impacts of up to 128 kph,

Based on analyses of Ross!® and Bunnell®, severe impacts on HLW glasses are not expected to
generate much glass powder that is a respirable size. The data that Ross obtained show values
for the percentage of material, generated {not released to the cask) from an impact that would be
respirable, range from 10-% wt % for a 30-kph impact to 7 x 10-2 wt % for a 128-kph impact. The
value selected for this analysis was 10-2 wt % or a fraction of 10-*. This is equivalent to
saying that for each kilogram of HLW glass in the cask, 1 x 10~* kg would be in a powder of
respirable size after an jmpact: the total quantity of respirable material generated inside the
cask would be dependent upon the total weight of glass in the cask. The fraction of material
ée%s ghan 10y released from the HLW canister to the cask cavity would then be 1078 (as shown
elow).



Total fraction of

Fraction Fraction of released material less than
glass released material less 10u released to
to the cavity than 10u cavity (not yet to

the environtment}
Glass 10-% 10-4 10-8

The question now becomes how much of this fraction reaches the environment through the damaged
cask. Because HLW casks will be very similar to spent fuel casks, this analysis bases its
release fractions from the cavity to the environment on the collective judgment of a workshop
conducted to analyze spent-fuel transportation accidents.l5 The judgment inherently relies on
the engineering judgment of cask designers and cask transporters. Five percent of the particu-
Jates was estimated to be released from the cavity of a gas-filled cask to the environment.-’
The total fraction of respirable material released from the HLW canister to the cask cavity and
then to the environment is 5 x 10710 {see Table D.1). This is the fraction used for the inhala-
tion pathway because all of the respirable material is assumed to be aerosolized because of the
fire. For groundshine calculations, a fraction of 5 x 10-% is assumed because material in
particles of all sizes including those larger than 10:, contribute to this exposure.

Tahle D.1. Release of HLW to the anvironment
in loss-of-contents accident

Groundshine and respirable release fractions

Pathway =
HLW to cavity Cavity to environment Total
Inhalation 168 5E-2 BE-10
Groundshine 1E-4 5E-2 BE-6

Release fractions for the ather type of accident considered are calculated for a cask damaged )
only enough to compromise its shielding. The shielding is assumed to fail along 2 circumferential
crack of varying widths (0.1 cm to 1.0 cm), and "pseudorelease” fractions are calculated as
defined in NUREG 0170.1%2

D.5.3 Accident rates and probabilities

According to the Transportation Technology Center's Nuclear Material Transportation Accident data
base,l® only one accident involving spent fuel has occurred since 1971. In this accident, a
truck hauling a spent fuel cask containing an assembly ran off a road and overturned, killing the
driver. The spent fuel cask was undamaged, and no release occurred. No accidents involving
spent fuel have occurred during rail transportation.

The probabilities used in this report are based on overall accident rates for rail and truck that
have been reported previously.19:20 The values are: 9.3 x 1077 rail car accidents per car-km
and 1.6 x 10-6 accidents per truck-km.

Because of the limited number of severe transportation accidents that have occurred, the fraction
of accidents that would allow releases from a HLW cask must be estimated. McClurel9 has esti-
mated the fraction of accidents involving onliy impacts {as in the loss-of-shielding accident)
that are more severe than the regulatory test conditions to be 0.1% for both truck and rail.
Estimates for the fraction of accidents invelving only fire that are more severe than the regula-
tory test conditions are 0.2% for rail and 0.1% for truck.

Because a loss-of-contents accident invoives both fire and impact, the above fractions must be
combined. Because the probabilities for impact-only and fire-only accidents were derived con-

sidering them as independent events, the percentages of accidents involving both fire and impact
{as in the loss-of-contents accident) that are more severe than the regulatory test conditions

are 0.0002 for rail and 0.0001 for truck. The precision of such numbers can rightly be questioned
because of the lack of data for severe accidents; the order of magnitude of the probability is
more important and is probably in the range of one in one million. That is, in every one millign
accidents of all severities, one or two accidents at least as severe as the scenarios involving
impact and fire could be expected.
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Table D.2 is a tabulation of probabilities for accidents for SRP HLW; the probabilities are very .
smail. To determine the accident rates of these extremely severe accidents, the probability
that an accident is so severe is multiplied by the overall accident rate for truck and rail.

Table D.2. Accident rate for worst-cass accidents for SRP HLW

Probability that an Accident rata

" scei
Over?art::mdent accident will be tor
) el a worst case wc;‘rst:: aee
Accident {accident™} e Jem™)
_'——"_"k il _— Truck i
Truc Rai Trock Al - ruc Rail

Loss-of-shielding 16E-6 93E-7 <1.0E-3 <I.0E-3 <16E-8 <8.3E-10
Loss-of-contents 1.6E~8 93E-7 <1OE6 <20E—-6 <1.6E-12 <19E-12

D.6 IMPACTS OF TRANSPORTATION DURING NORMAL CONDITIONS

In this section, the impacts of normal transport will be calculated according to the methodelegy
described (Sect. D.4). The input data used to calculate these impacts are also presented.

D.6.1 Input data for calculations

Many input data are required to calculate the impacts from normal transport and from accidents.
Much of the data used in this analysis is consistent with data used in NUREG-0170, Fimal Environ-
mental Statement on the Traneportation of Radiocactive Materizl by Air and Other Modes,'? and
with recommended data that are available as default input to RADTRAN-II.”

Table D.3 lists some of the miscellanecus data used in this analysis. The data in the table are
self-explanatory with the exception of the bottom row of data. The dose rate at 2 m from an
extended vertical plane of a rail car or trajler edge is assumed to be 10 mitlirem/h which is
the regulatory 1imit. Using this value will result in a greater than expected dose to the
public {i.e., it would be a conservative estimate}.

D.6.2 Unit-consequence factors

The unit-consequence factors for normal transport are given in Table D.4. Separate factors are
listed for the truck and rail modes. The first factor listed is for an individual exposed to a
shipment of HLW as 1t passes. Implicit in the individual dose values are the assumptions: {1)
the shipment passes at 24 kph, (2§ the individual resides at a point 15 m frem the shipment
path, and (3) the HLW fs five years old. This factor, as with al) subsequent factors, should
only be applied when the conditions in the assumptions are met. If they are not met, the value
of the factor changes. This factor can be used to evaluate the dose to the individual exposed
to the maximum extent by simply multiplying it times the number of shipments that pass by him.

The next three factors are for the population affected by the shipments, that is, the population
1iving within 0.8 km of the route {off 1ink), the pepulation moving along the route (on link),
and the population surrounding the shipment when it is stopped. The first two are consequence
factors that have a per-kilometer basis, while the last has a per-shipment basis. Once again,
these factors are calculated using assumptions, given in Table D.3, that must be satisfied when
the factors are to be applied.

The crew factors are on a per-kilometer basis; the assumptions used are given in Table D.3. The

factor for the rail crew has been set at zero for rail because the exposures are so low. For
all cases, the .factors are very small,

D.7 IMPACTS OF ACCIDENTS DURING TRANSPORTATION

In,this section, the impacts of accidents that may occur during transportation are calculated
using the methodology described earlier. The impacts will be presented in units of expected
equivaient-whole-body dose to an individual exposed to the maxfmum extent as a result of a




D-15

Table D.3. Miscellaneous data used in RADTRAN-I| calculations

Parameter Truck Rait

Number of crewrnen 2 5
Distance from source 10 Crew, m 3 150
Persans/km?

High population zone 3861 3861

Mectium-population zone 719 719

Low-population zone 6 6
Stopover time (4800-km trip), h 8 8
Average exposure distance while stopped, m 20 20
Persons exposed while stopped 50 100
Speed

High-population zone, km/h 24 24

Medium-population zone, km/h 40 40

Low-population zone, km/h 88 64
Fraction of travel

High-population zone 0,08 0.05

Medium-population zone 0.05 0.05

Low-population zone 0.90 Q.80
Traffic count

High-population zone, vehicles/h 2800 5

Medium-population zone, vehicles/h 780 5

Low-popuiation zone, vehicies/h 470 i
Persons per vehicle 2 3
Cask length, m 5 [}
Dose rate 2 m from the edge of cask railcar

or truck trailer, millirem/h 10 10

Table D.4. Unit-comaquence factors for normal transport
expressed as latent cancer fatalities
per kilomater of travel {LCF/km]

Truck Rail
Probable? Maximum® Probable’ Maximum?

Maximum individual® 6.0E-4 6.0E—4
Population

On link 5.3E-9 1.8E-8 7.26-11 24E-10

Off link t1E-8 3.7E-8 19E-9 64E-9

Stops® 5.8E-5 1.9E—4 1.26-4 38E—4
Crew 6.56-9 2.2E-8 d d

?For a discussion of the meaning of these terms, refer to Appendix J.4.

BFor the maximum individual, exposure is recarded in terms of radiological
dose (millirem} per shipment, not LCF per kilometer,

“LCF per shipment.

“Very small relative to other factors.

single kilometer of travel. The input data used to calculate these impacts, which will be
referred to as unit-risk factors, are also presented.

D.7.1 Input data for calculations

Much of the data presented earlier for normal transport will be used to calculate impacts for
accidents that may occur during transport. However, additional data are required for the
accident impact analysis. Other radiological factors used to describe the HLW are the curie
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inventory in the HLW, gamma-decay energ1es, and dose conversion factors. Standard and rurrent,
references for gamma-decay energies?! and dose conversion factors’? were selected.

The unit-risk factors for the impacts of accidents during transpartation are given in Tabie .4,
Separate factors are listed for truck and rail modes. The unit-risk factors are fiven for both
the accident involving a loss of shielding and the accident that involves the loss and disprraial
of contents. Both factors have a per-kilometer basis. As a result, total risk is calculated by
multiplying these unit-risk factors by total kilometers shipped.

Table 0.5, Unit-risk factors for sccidants
during transportation?

Truck Rail
Lasgs of shielding and no release
of contents, millirem/km 26E-9 7.3E-9
Loss of shielding and release
ot contents,® millirem/km 1.3E-12 (aduit) 7.6E-12
1.8E~12 (child) 10811
24E-12 {infant) 14E-1%

Y Risk to an individual exposed ta the maximunm extent.

PSeparate risk factors are not given for each pathway {groundshine and
inhalation) because the overwhelming majority of exposure dunng a loss-of-
contents accident results trom groundshine,

To calculate the unit-risk factors, the consequence of the accident scenarios had to be calcu-
lated according to the equation in Sect, D,4.1.2 and then multiplied by the accident rates in
Table D.2. The consequences are given in Table 0.6 and are presented for each scemario for
each mode of transport and for each population age group.

Tabte D.6. Accident consequences: Maximum individual exposure resulting from partial loss of contents
ar lass of shielding, in millirem

Release Bose
Type of accidant '.Cl! B Infant L C\'I_ild . Adubt
Raﬁ Truck Raii Truck Rail Truck Rail Truck
Loss of contents
Groundshine 0.94 Q.19 15 15 5.9 11 4.0 B.0E—1
Inhatation 1.6E~-4 3.26-5  2.5E-3 4.9E -4 5.3E-3 11E-3 358E-3 6.9E-4
Loss of shigfching’ 7.8 1.5

4Catculated only for adult.

D.8 NONRADIOLOGICAL IMPACTS OF NORMAL TRANSPORT

0.8.1 Pollutants and their health effects

Poltutants are emitted during normal tramsport by combustion of diesel fuel, by the passage of a
shipment over a dusty road surface, and by tire wear. Combustion of diesel fuel generates $0,,
€0, hydrocarbons, NO,, and particulates. The passing of a shipment over a roadbed or highway
generates fugitive dust, and tire particulates are generated from the abrasion of tires on the
pavement. Each of these pollutants has a unique character, and they may affect health. Each
pollutant will be described briefly, and the health implications of each will be discussed.

Sulfur dioxide is a nonflammable, nonexplosive, coloriess gas. The gas is first detected by
taste and, at higher concentrations, can be detected by odor. In the atmosphere, it is at least
partially converted to more hazardous products by photachemical or catalytic processes.
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Sulfur dioxide and its products irritate the 1ining of the respiratory tract. The injury, which
may be temporary or permanent, is more severe for the products of SO, than for S0, itself. The
1rr1tat1on may result in constriction of airways, which may be assessed by increases in airway

res l b{.dll\..l'_'

Particulates and sulfur oxides are often treated jointly in health impact analyses because they
are often present together in ambient air and because S0, is transformed into a particulate.
Particulates will often contain or carry other absorbed toxic materials, such as lead or other
heavy metals, but the composition of particulates depends on their origin (particies emitted
during combustion of diesel fuel will not be the same as fugitive dust particles generated on a
country road). The size, shape, and composition of a particle determines its health effects.

Nitrogen dioxide is known to be toxic at relatively high concentrations and is a strong irritant.

Acute and chronic injury of the lungs has been observed at extremely high concentrations causing
irreversible damage. It is alsc involved in many complex chemical reactions. In the presence

aof sunlight, it may be converted to even more toxic intermediates.

Carbon monoxide has an affinity for hemoglobin, with which it combines, reducing the capability

of the hlocd to carry oxygen. From a physioloagical viewpoint, symptoms of CO inhalation are
similar to anemia symptoms. .

Because of the large variety of possibie hydrocarbons pollutants, a discussion of each is
restricted. It is sufficient to note that some are definitely carcinogenic and many produce
adverse health effects, but little information is available from long-term studies of hydro-
carbens on humans.

The character of each of the po11Utants can be described from detailed laboratory experiments in
which they can be isplated. However, "air pollution" nnnnr‘a'lly contains all of these pollutants

LlnLd

and very rarely can their effects be 1snlated Pollutants can also interact and form new and
intermediate toxic pollutants.

Some quantities of pollutants are emitted during routine transport. Estimates of the gquantities
are made using EPA documentation!®.1l and are listed in Table D.7

Table D.7. Emissions from transportation®

Pollutam Truck Rail
{g/km)} {g/km}

Particulates 0.81 4.5
S0, 5.1 10
NO, 13 65
Hydrocarbons (HC) 33 19
co 22 24
Tire particulates . 054 . b
Fugitive dust 140 14

2 Assurnes 24.kph [15.-mph) speed in urban area.
SNot applicable,

The significance of the health effects produced by these emissions is difficult to quantify. It
is particularly difficult to isolate the effects of each of the pollutants because they can
interact among themselves and may simply mask the effects of other influences {e.g., smoking,
income, availability of doctors) that may actually cause observed heaith effects. Nevertheless,
without specification of poliutants, it is generally believed that air pollution can cause
increased mortality and that pollutant levels at the relatively low ambient concentrations
pccasionaliy associated with transportation can result in increased respiratory symptoms.

A major goal of epidemio1ogists studying the effects of air pollution has been to quantify the
effects. il“l&l—I}' believe that their attempts to date have met with little success as reflected in

a quote from a recent Ford Foundation study??

"There is convincing evidence that air pollution is associated with mortality;
but there is no reliable quantitative information on the magnitude of the effect
or on the number of lives that would be saved by reduction in the level of any
one or all air pollutants."

TE
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Quantitative estimates exist but must be qualified carefully.

To facilitate a somewhat quantitative comparison of emissions to current pollution standards,

the emissions resulting from the hourly passing of one diesel-powered truck -or locomotive nauling
an HLW cask will be used to calculate an average air pollutant concentration, which in turn will
allow a comparison to the primary air quality standards. The concentrations were calculated

implicitly assuming travel over the generic mile (defined in Ref, 12),

Table D.8 compares the calculated concentrations to the air quality standards. It is currently
believed that the primary standards for the six regulated pollutants seem adequate to protect
the health of the public.?% For each pollutant, the calculated concentration is much lower than
the standard, even when one truck or train per hour is considered. Since the number of shipments
of HLW from the DWPF would more likely average one shipment per day, the nonradiological impacts
from the DWPF would be even smaller,

Tsble D.8. Comparison of calculated poilutant concentrations
for rall and truck transportation with
alr quality standards

Paliutant concentration?

Poliutant {Hg/m?Y) Primary standard
Truck Rail (ug/m2)
Particulates 0.63 0.08 260 (24 h)
S0Q; 0.02 0.05 365 (24 h)
NO. 0.06 0.3 100{annual mean)
HC 0.02 0.09 : 160 {3 h)
co 0.1 0.1 40,000 (1 n)

8Hourly concentrations are calculated assuming that a truck
or locomotive passes a point once an hour and that the generic
area is 90% rural, 5% suburban, and 5% urban land area.

D.8.2 Heat generation

From each conceptual truck cask containing one canister filled with high-level waste, less than
0.5 kW of heat will be generated. This is approximately 0.3% of the heat (150 kW) dissipated by
a 224 kW (300 hp) diesel engine truck hauling the wastes, assuming a 34% conversion efficiency.
From a rail cask containing five canisters of high-level waste, less than 2.5 kW of heat will be
dissipated. This is less than 0.2% of the heat ?1500 kW) generated by a 2240 kW (3000 hp)
locomotive, assuming a 34% conversion efficiency.

The impact on the environmant of the heat dissipated from the casks containing the high-level
waste and diesel engines of the truck and the lTocomotive carrying the wastes is extremely small
compared to the heat generated daily by vehicular traffic.

0.9 NONRADIOLOGICAL IMPACT OF TRANSPORTATION DURING ACCIDENT CONDITIONS

The nonradiological human healith impacts that would be expected from accidents during transparta-
tion of HLW are the deaths and injuries that would result directly from any transportation
accident, regardless of the material being hauled. This section discusses the unit-risk factors
derived from published data.

The potential for transpartation accidents involving shipments of HLW is assumed to be com-
parable to that for general truck and rail transportation in the United States. Table D.9 shows
that 1.6 x 10-" truck accidents per kilometer and 9.3 x 10-7 rail car accidents per rail car
kilometer are projected. From an analysis of transportation accidents, 0.5 injuries and 0.03
fatalities per truck accident and 2.7 injuries and 0.2 fatalities per rail accident have been
estimated.”” Based on these injury and fatality rates and the projected accident rates, injuries
and fata]ities for a travel distance of 1 km have been computed. As shown in Table 0.9.1,

B.3.%8 x 1077 injuries and 4.8 x 10-% deaths are expected to occur per kilometer of truck travel

and 2.5 x 107% injuries and ™ x 10-7 deaths per kilometer of rail travel.

I
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Table D.9. Projected accidents, deaths, and injuries per kilometer
of travel during transportation of spent fuel

Mode Acciclent rate Injury rate” Fatality rate? Injuries Fatalities

{accidents/km} {injuries/accident} {fatalities/accident) iper km) {per km)
Truck 1.6E -6° 0.51 0.03 B8.2e-7 4. 8E-8
Rail 9.3E-7¢ 27 0.2 2.56-6 1.96-7

“From U.S. Atomic Energy Commission, Enviranmental Survey of Transportation of Radioactive Materials
to and from Nuclear Power Plants, WASH-1238, December 1972,

YFrom R. K. Clarke, J. T. Foley, W. F. Hartman, and D. W. Larson, Severities of Transportation Accidents,
SLA-74-0001, Sandia National Laboratory, Albuguergue, N.M._ July 1976,

“From A. W. Denms, J. T. Fotey, W. F. Hartman, and D. W, Larson, Severities of Transportation Accidents
involving Large Packages SAND 77.0001, Sanctia National Laboratory, Albuguerque, N.M,, May 1978,

D.10 EMERGENCY RESPONSE

The responsibilities for dealing with nonroutine events such as radioactive material transporta-
tion accidents is divided. For example, on the Federal level, the Federal Emergency Management
Agency (FEMA) has the primary responsibility for planning and response to transportation accidents
invoiving radioactive materials, In general, however, the ultimate responsibility for the
establishment of emergency response plans lies with state and local governments. Most state
governments and many local governments have emergency response plans to cope with such events.

The logic for having state and focai governments assume responsibiiity foiiows the manner in
which a typical emergency response is apt to be made: the first responder to a transportation
accident or other reported event that involves radioactive material is probably going to be a
local law enforcement officer or member of the local fire department.

An emergency response plan represents an attitude of preparedness and the ability of a state or
local government (with Federal assistance} to cope with some "nonroutine” event that constitutes
some level of threat. It does not prevent such unexpected events.

The implementation of emergency response planning and the coordination of this authority will
commence with the publication of a guidance document for state and local governments on emergency
response plan development, which, when published by FEMA, will detail the necessary components

of emergency response plans including organizational responsibilities and jurisdictions, accident
tharacteristics, a statement of emergency response planning elements, an analysis of radioactive
material transportation, continuous state and Tocal cooperation, emergency equipment and resources
required, notification methods and procedures, emergency communications, public information,
accident assessment, protective response, radiological exposure control, medical support,
emeryency response training activities, and post-accident operations.

The Federal support, which is available to state and local governments, will be provided by:

1. Department of Energy (DOE) and its re
Radiclogical Assistance Program (IRAP

?ional assistance teams through the Interagency

3. Department of Health and Human Services through the Food and Drug Administration (FDA),
4. Federal Emergency Management Agency {FEMA),

5. Department of Transportation — Material Transportation Bureau (DOT/MTB), and

6. Nuclear Regulatory Cammission (NRC).

D11 SABOTAGE

The possibility that terrorists might sabotage either a truck or rail shipment of high-Tlevel
radicactive waste for the purpose of either dispersing or threatening the dispersal of the waste

has been given increasing attention by the government, the news media, and the public. The threat|J-41
to disperse radioactive waste for contamination is considered an unlikely, but viable, action by
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terrorists. Theft of the radioactive waste in itself, without intent to disperse, is not
considered a likely, viable event because the waste has neither monetary value nor sufficijent
fissile material content for even a crude nuclear bomb.

0.11.1 Potential terraerist actions

Unauthorized penetration of the HLW cask will probably require engrgy-intensive techniques, such
as the use of explosives or some mechanical devices, because special tools and heavy equipment
are normally required to safely handle and open these casks. Because of the massive size of the

packages and the probable uncertainty of the saboteurs in placing the explosives (detailed
knowledge of the design features of the package, access to it, and other logistical considera-
tions}, the likelihood of successful sabotage is decreased. The use of "hands-on" mechanical
techniques (e.g., gas cutting torches, power saws, burn-bars) would also be unattractive because
the levels of external penetrating radiation near the exposed waste could lead to lethal doses
in seconds, and once the cask was opened, the HLW would still have to be dispersed in some way.

The uncertainties of success would probably cause a terrorist to select another means of express-
ing his demands other than the dispersal of HLW. Furthermore, if a terrorist tries to breach a
cask with energy-intensive devices, the immediate nonradiological effects of a sabotage attack

in a densely populated area may be as significant or more significant than the radiological

effects.”® Most assuredly, there are more certain ways for a terrorist to cause a large number
of immediate deaths and injuries than attempting to explode a massive shipping cask.

D.12 DECONTAMINATION AND DECOMMISSIONING OF TRANSPQRTATION EQUIPMENT

Either truck or rail casks will be used for moving canisters of HLW from the DWPF. The useful
Vife of either type is estimated to be 20 to 30 years.

The casks, whether transported by truck or rail, are expected to be loaded dry with decontaminated
stainless-steel canisters containing HLW. The casks and baskets are expected to be inspected
before and after each shipment to ensure no contamination exists and to be thoroughly cleaned.
Rail cars, trucks (tracters and trailers), mounting frames, external impact timiters, and
accessories (other parts of the cask system) are not expected to become contaminated during

normal shipping operations. Therefore, a decommissioned and uncontaminated truck- or rail-cask
system will probably be disposed of &s scrap metal.

Casks and cask internals (baskets and impact lTimiters) could become contaminated in abnormal or
accident situations. It is unlikely that a failed canister would be loaded into a cask for
transport, but a canister could fail in transit as the result of a severe accident. Detection
of a failed canister or detection of radicactive debris in the cask would result in the initia-
tion of appropriate cask decontamination operatfions. Oecontaminated casks could be disposed of
as scrap metal, but those parts with residual contamination still evident would be disposed of
as radioactive waste, particularly if additional decontamination would cost too much.
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Appendix E
SOCIOECONOMIC CHARACTERIZATION OF THE SAVANNAH RIVER PLANT AREA

Material in this Appendix is based on the report Socioceconomic Baseline Characterization for the
Savannah River Flant Area by NUS for ORNL, 1981 (except as otherwise noted). The sections in
this Appendix correspond to sections in the baseline characterization report, and additional
information may be obtained by referring to the latter.

E.1 THE PLANT

The socioecanomic impacts of the SRP upon the people and communities in its vicinity began with
the relocation of the resident population off of the site and construction of the first facilities
in 1951. By 1952, a work force of 38,350 was onsite, populations of nearby towns swelled, and
trailer courts and new homes proliferated. These early days and the changes induced by plant
construction are described in the book In the Shadow of a Defemse Plant by Stuart Chapin et al.!

A primary socioeconomic impact of the SRP has been the large number of permanent jobs created.

As the initial major.construction ended, the work force dropped in the late 1950s to the
permanent operating force of around 7500, After employment reductions in the 1960s to around
6000, the work force increased again to the current 8300 {July 1980). About 95% of this total
are employed by E. 1. du Pont de Nemours and Company, Inc., and its subcontractors; the remainder
are employed by DOE (220), the University of Georgia (70}, and the U.S. Forest Service (30).

The large contribution of SRP to the rise in the standard of living in the impact area is a major
secondary socioecanomic benefit. The 1979 SRP payroll of over $209 million was one of the
largest in South Carclina. In addition, more than $40 million was spent by SRP in South Carolina
and Georgia for services, energy, materials, equipment, and supplies in 1979; about one-half of
the expenditure was made in the primary impact area (see Sect. E.2 for definition of the primary
tmpact area).

The greatest impact of the SRP has been on Aiken County, especially the city of Aiken, and the
small towns immediately around the SRP site, as may be seen in the SRP worker distribution
pattern {see Table E.1). SRP workers and families comprise roughly one-half of the city of
Aiken's 15,000 people and account in large measure for the high median family incomes in the

county.

E.2 THE STUDY AREA

The DWPF socioeconomic study area includes nine counties in South Carolina and four in Georgia.
These counties house 97% of the current SRP work force. These 13 counties are expected to
pravide most of the Tabar poal for the DWPF and to sustain the most concentrated community
impacts from potential in-moving workers. The nine counties in South Carolina are Aiken,
Allendale, Bamberg, Barnwell, Edgefield, Hampton, Lexington, Qrangeburg, and Saluda; in Georgia,
Burke, Columbia, Richmond, and Screven. Inclusion of these counties in the study area is based,

P + Arm 2 Cayamaab D i A i 3 3 i
in part, on a Savannah River Laboratory (SRL) review of distributicn of residence of current

employees and, in part, on other analyses of the effects of SRP on adjacent communities (see
Table E.1). A previous study addressed dislocation of the resident population associated with
original facility construction in 1951 to 1953 as well as impacts of construction and operation
phases upon the area.! It presented a limited sociceconomic baseline characterization.

The 13 counties are categorized into primary and secondary impact areas on the basis of expected
impacts from construction and operation of the proposed DWPF. The six primary counties were
estimated to be the residence choice of a large majority of relocating workers and, thus, the
site of most concentrated community and services impacts. The vast majority of future DWPF
construction workers already live in this area, however, and will make no additional demands upon
services except for their travel to work. Counties in the South Carolina primary study area
include Aiken, Allendale, Bamberg, and Barnwell;.in Georgia they include Columbia and Richmond.
These six counties house 89.3% of the current SRP work force. Most of the SRP site is in Aiken
and Barnwell counties; a small part is in Allendaie County. Most of the SRP employees resided in

E-3
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Table E.1. Dimribution of tha Juna 1980 SRP employees by place of ratidence
and ay a percantage of tha June 1980 labor pool

S Numbar of SAP Parcent of SRS Jung 1980 SRP employees as a
Location of residence employees \abor torcs labar pool? percentage ot the
labor pool
Primary study area 7447 893 142257 ¥4
South Carolina counties 5955 714 53790 0.0
Aiken 4904 s8.8 40260 122
Allendale 149 1.8 3580 4.2
Bamberg i65 20 6830 2.4
Barnwell 737 28 M20 8.1
Georgia counties 1492 17.9 82467 18
Columbia 256 A 15197 1.7
Fichmond 1236 148 67270 1.8
Secandary study area 843 7.7 129609 05
South Carglina counties 553 8.6 113370 05
Edgeligld 92 i3 BO90 IR
Hampton 104 1.2 7080 1.5
Lexingten 133 1.6 57980 0.2
QOrangeburg 142 1.7 33590 0.4
Saluga 82 1.0 6630 1.2
Georgia counties a0 1 16239 08
Burke 25 0.3 B176 0.3
Screven g5 8 8063 0.8
Outside study area 245 2.9 ¢ ¢
Soquth Carolina 163 2.0 [ ¢
Georgia 7 08 ¢ c
Other states 1 0.1 ¢ ¢

Labor poot includes agricultural, Federal, sali-employed aad all
cther workars,

SNumbers may not add due to rounding.

“Not significant,

Source: SBC.

six primary counties in 1980: 71.4% resided in South Carolina compared with 17.9% in
gia. Table E.1 indicates that the highest percentage (58.8%) and number (4904) of SRP
employees lived in Aiken County and comprised 12.2% of the total Aiken County laber force in June
1980. The secondary study area comprises the next "ring" of counties around the SRP, housing
7.7% of the current SRP labor force and being the likely source of most additional labor for the
DWPF. Community and services impacts are not expected to be as significant in the secondary
area, though some new workers may choose to relocate in these seven counties. As may be seen in
Table E.1, Orangeburg County has the largest number of the current SRP work force (142) in this
secondary study area, but this number is quite small (0.4%) when viewed in terms of Orangeburg's
large labor pool. Though Burke County, Georgia, ranks lowest on all indicators (only 25 SRP
employees comprising 0.3% of the county labor pool), it is included in the secondary study area
because of possible work force interactions between the DWPF and the Geargia Power Company

Vogtie nuclear plant now under construction there,

E.3 LAND USE OFFSITE

E.3.1 Existing land-use patterns

The primary and secondary study area, encompassing over 20,000 km2 (7700 sq. miles) is generally
rural. Over 37% of the total area is woods, forests, and wetlands, whereas agricultural lands
comprise about 35.7%. Vacant, open space, and unclassified lands constitute about 20.2% of
total area. Lake Murvay, the Clarks Hill Reserveoir, the Savannah River, and other water
resources constitute 1.4% of the total area., The developed land {residential, commerciai,
industrial, institutional, and recreational uses) includes approximately 5% urban develapment,
primarily concentrated in the Columbia and Augusta Standard Metropolitan Statistical Areas
{SMSAs), and 3.5% publicly owned, such as Richmond County's Bush Field Airport, or semi-publicly
owned, such as the Clarks Hi1l Reservoir lands managed by the U.S. Army Corps of Engineers.
Major Federally owned lands include the Savannah River Plant (3.9% of the combined study area
lands) and the Fort Gordon military base in Richmond County (1.1% of the total).

Most primary area counties have vast areas of forest, open space, and agricultural and unimproved
lands often totaling 80 to 90% of the county. In some counties, Bamberg for instance, forests
managed by timber companies are being converted to agricultural crop or pasture lands. In Aiken
and Barnwell counties, a significant SRP reforestation program exists in which trees are
commercially harvested under the supervision of the U.S. Forest Service.

-
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Higher fractions of developed Tand are found in the SMSA counties in and around Augusta and
Aiken. The extent of urban development is approximately 28,000 ha {68,000 acres — 32%) in
Richmond County, 16,000 ha (7%), in Aiken County, and 9700 ha {13%) in Columbia County. By
contrast, the rural counties of Allendale and Bamberg each have only about 600 ha of developed
land {0.5%).

Highest concentrations of residential development in the primary area are in the counties
comprising the SMSA: Richmond, Columbia, and Aiken. Residential development in Richmond
County, which constitutes approximately 17,000 ha (20% of county total 84,000 ha), is mainly
found in Augusta, Blythe, and Hephzibah. Residential development constitutes about 7500 ha (10%
of county total) centered in Martinez, Evans, Grovetown, and Harlem in Columbia County. Aiken
County has around 4000 ha of residential development (2.0% of county total 250,000 ha), mainly
in the cities of Aiken and North Augusta.

Extensive commercial development is found in Richmond, Aiken, and Columbia counties and along
major interstate and state highways. Of the total Richmond County commercial development
{approximately 2500 ha), a majority is located in the Augusta area and much smaller amounts in
the towns of Blythe and Hephzibah. The majority of commercial land use in Aiken County is strip
development located in the urban cities of Aiken and North Augusta. In Columbia County,
Georgia, commercial development is centered in the Martinez-Evans area.

Significant primary area industrial development is found in Richmond, Aiken, and Columbia
counties. Industrial land usage in Richmond County (5% of county)} is mainly concentrated in
Augusta near the Savannah River. Of the Aiken County industrial land external to the SRP,
1600 ha (0.6% of county total) is near Beech Island, Salley, Horse Creek, and the Aiken city
fringe. Industrial development in Columbia County is primarily located near the town of
Martinez along the Seaboard Coastiine Railroad and Interstate-20 and near the town of Evans.:

Fort Gordon Military Reservation, located mainly in Richmond County, comprises about 18,000 ha
{21% of county)}. This large reservation restricts further development.

In the secondary study area, the most extensive urban development occurs in the Lexington County

portior of the Columbia SMSA. A1l remaining secondary counties have extensive forest, agricul-
tural, and open-space lands.

E.3.2 Proposed future land-use patterns

Most future area land uses, as projected by area planning agencies, will be similar to existing
tand uges. The agreatest population growth is expected to occur in Aiken, Columbia, and Richmond
counties because of anticipated Augusta metropolitan expansion. Although Augusta will remain
the region's primary metropolitan center, Sylvania in Screven County is expected to become a
secondary regional center attaining approximately 15,000 population by year 2000. Because of
anticipated growth in the Columbia SMSA, population increases for Lexington County are expected.
All counties in the study area, except Hampton and Burke, currently have comprehensive long-
range land-use plans. .

Agricultural land throughout the study area is undergoing a transition from smaller operations
to larger consolidated farms, a trend that is expected to continue. Agriculture will continue
to have a major role in the economic viability of the study area, especially in the rural
counties.

A majority of the county land-use plans identified a need to preserve environmentally sensitive
lands such as caroclina bays and other wetlands. Other natural areas, such as forests and
woodlands, are projected to be more extensively used for lumbering operations. In addition,
forestlands that serve an important area recreational function are likely to be expanded. The
two largest outdoor recreational areas are the Sumter National Forest and the Clarks Hill
Reservoir, as mentioned in Sect. E.7.2. Future expansion and development of recreational areas
is expected in every study-area county.

E.3.3 Land-use regulation

=

1 A "
1

he land-use controls most commonly used by local and county governments nape area develop-
ment patterns are zoning ordinances, subdivision regulations, building codes and permits, and
the regulation of mobile homes and trailer park development. Other potential planning tools not
widely used or totally absent from the study area are development standards, utility extensions
or moratoriums, floodplain regulation and insurance, environmental regulations, and tax

incentives.

-~ T N .Y
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Only two primary counties, Richmond and Columbia, and one secondary county, Burke — all in the
state of Georgia ~ have county zoning ordinances., 7Zoning ordinances typically divide planning
jurisdications into use districts such as residential, commercial. industrial, and agricultural.

Six of the 13 study-area counties have county subdivision regulations. These are Aiken,
Columbia, Richmond, Lexington, Burke, and Saluda {Lake Murray area) counties. Normally, sub-
division regulations are applied in advance of the development of the community to ensure proper
design and construction.

Building codes or permits to ensure minimum construction standards are issued and/or enforced in
Aiken, Richmond, Columbia, Bamberg, Barnwell, Burke, Edgefield, Hampton, and Lexington counties
but not in the remaining counties.

The counties of Bamberg, Burke, Columbia, and Richmond have some form of county-wide mobile home
or trailer park regulation in addition to the state health regulations concerning mobile home
water and sewage sSystems,

Within the study area, more than 40 of the approximately 80 communities have at least one of the
following regulations: (1) zoning ordinances, (2) subdivision regulations, {3) building codes and
permits, and {4} mobile home and trailer park regulations. 1In the South Caralina portion of the
primary study area, the towns of Aiken, North Augusta, Bamberg, and Denmark have all four of the
above land-use controls, as do the Georgia communities of Grovetown, Harlem, and Augusta.
Communities in Richmond County that have no land-use controls are subject to county-wide land-
use regulations. Within the secondary study area, only the communities of Batesburg, Cayce,
Lexingten, Springdale, Orangeburg, Sylvania, and Waynesboro have the aforementioned four land-
use regulations. In contrast, 10 communities in the primary study area and 22 in the secondary
area have none of these four regulations and are not subject to county regulations except for
minimum state health standards.

E.3.4 Local planning efforts

Major Tand use plans have generally been adopted and in-house professional planners employed
only in the large metropolitan counties (Richmond, Aiken, Columbia, and Lexington) and in the
high-growth cities such as Aiken and North Augusta. A single city-county planning commission is
utiTized by Richmond County and the city of Augusta. ATl but two of the rural counties depend
on the professional planning assistance of their regional planning commission or counci) of
governments for selected planning tasks.

E.4 DEMOGRAPHY

E.4.1 Population and its distribution

E.4.1.1 Population in_incorporated communities and unincorporated areas

Incorporated towns and cities in the six primary counties contained one-third of the total
county population (376,000}, according to the 1980 U.S. Census. Table E.2 shows the population
estimates for these 31 communities, a total of about 178,100. The largest cities in the

primary area are Augusta (47,500), Aiken (15,000), North Augusta (13,600}, and Barnwell

{5600). The other 27 communities have populations of less than 5000. Aiken, Richmond, and
Columbia counties comprise the Augusta SMSA* and have a total population of 327,400. Most of
the population within this SMSA live outside the boundaries of any city or town. Two-thirds of
the six-county population 1ive in ryral areas and in 47 unincorporated communities. Further
examination of poputation percentages reveal wide differences between the two states and between
counties within states with regard to the percentage of the population living within incorporated
communities. Both Georgia counties (Columbia, 12%, and Richmond, 27%) rank lower than any South
Carolina county. Aiken county has 33% of its population in towns, whereas all the rural South
Carolina counties have one-half or more of their populations in towns: Bamberg, 49%; Allendale,
64%; and Barnwell, 64%.

These differences are associated with significantly different patterns of local government and
provision of public services and, hence, significantly different potential for dealing with
population growth.

o
) A standard metropolitan statistical area (SMSA} is comprised of a central city or cities
with a population of 50,000 or more and the contiguous counties that are economically integrated
with the central city.
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B Table E.2, Preliminary 1380 populations for
counties and communities in the
primary impact area

L Percent
Population in .
e 1980 incorporated PODU'MIO" n
Jurisdiction . - incorporated
population communities iet
communities
by county by county
South Carolina
Aiken County 105,625 35,262 33
City of North Augusta 13,593
City ot Aiken 14,978
City of New Ellenton 2,628
Town of Jackson 1,771
Town of Burnettown 359
Town of Salley 584
Town of Windsor 55
Town of Perry 273
Town of Wagner 803
Town of Monetta 108
Allendale County 10,700 6,813 64
Town of Fairfax 2,061
Town of Sycamare 261
Town of Ulmer 91
Town of Allendale 4,400
Bamberg County 18,118 8,949 49
Town of Bamberg 3,672
City of Denmark 4,434
Town of Govan 109
Town of Olar 381
Town of Ehrhardt 353
Barnwell County 19,868 12,695 64
Town of Williston 3.173
Town of Blackville 2,840
City of Barnwell 5572
Town of Elko 329
Town of Snelling 11
Town of Kline 315
Town of Hilda 355
Georgia
Columbia County 40,118 4,976 12
City of Grovetown 3,491
City of Harlem 1,485
Richmond County 181,629 49,349 27
City of Augusta 47,532
Town of Hephizbah 1,452
Town of Blythe 366
Primary study area 376.058 118,034 3

Source: U.5. Bureau of Census, 1980 Census of Population and Housing, South
Caroiina, PHCB0-V-42; Georgia, PHCB0-V-12; March 1981.

E.4,1.2 Population change

The populations of Georgia and South Carolina have increased from 9 to 16% each decade since
1950. For the period 1970 to 1978, growth rates in these states (10.8% and 12.6%, respectively)
exceeded the U,S. national average (7.4%). Among area counties, population changes have varied
considerably, primarily because of differing rates of urbanization. Most of the population
increases since 1950 have occurred in the three counties of Aiken, Richmond, and Columbia,

which together comprise a SMSA. Columbia County was added to the SMSA in 1973. The greatest
percentages increases in primary area population occurred in Columbia County between 1950 and
1978; it increased from smallest to third largest among the primary counties. Since 1950, the
fastest growing county in the secondary area is Lexington County, Having a growth rate of 47%
between 1970 and 1978, this county now approaches one-half of the total secondary area population.
Significant declines in rural county populations in both primary and secondary areas {1950
through 1970) were reversed in the seventies.
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E.4.1.3 Population density

Both Georgia and South Carolina population densities have been steadily increasing since 1950.
The 1978 average number of persons per square mile in Georgia (87.5) and South Carolina (94.4)
was higher than the U.5. national average (61.6).

The primary study area population density historically has been greater than the secondary area.
In 1978, the primary county densities ranged from 538.5 persons per square mile in Richmond to
24.4 {Allendale) and 35.4 (Barnwell). Seven of the rural counties had steadily declining
population densities until the mid-seventies when they began to grow again. Among secondary
counties, densities range from Lexington {128.0) and Orangeburg %71.4) to Screven {20.4) and
Burke (22.5).

E.4.2 Population characteristics

E.4.2.1 Age and sex

Median ages of the South Carolina and Georgia population including all primary counties have
been as much as four years younger than the U.S. median (approximately 30.0 years} since 1950.
As elsewhere, however, there is an aging trend in all primary counties since 1960. From 1970 to
1978 the percentage of the population under 19 of the study area generally decreased, whereas
the percentage over 65 increased.

Area males have consistently outnumbeved females in the 19-and-under age group since 1950. The
proportion of area males declined with increasing age, however, similar to the U.S. population.

£.4.2.2 Race and ethnicity

In 1978, there were high percentages of blacks in Georgia (27%) and South Carolina (31%) when
compared with the U.S, national average (11%). Among primary counties in 1978, the highest
percentages of blacks resided in Bamberg (60%) and Allendale (56%), whereas the lowest percent-
ages resided in Columbia (15%) and Aiken (24%)}; 1978 percentages for Barnwell and Richmond
ranged between 35 and 37%, respectively. The general decline in the black-white ratio since
1950 can be explained by differential migration: declines in Ajken and Columbia counties appear
to result from white in-migration, whereas in most rural counties the decreasing percentage of
blacks results from black out-migration. The increasing black-white ratio in Richmond is a
result of black in-migration and white out-migration. Other races, including American Indians,
constituted only about 1% of the primary area populations in 1978.

E.4,2.3 Persons per household

The 1978 average number of persons per household in Georgia {3.0) and South Carolina (3.7) was
higher than the U.S. national average (2.8) reflecting the pattern of higher birth rates and
larger hoyseholds in the region which has occurred since 1960. Rural counties in the primary
study area, such as Allendale and Bamberg, typically have larger households than the urban
counties.

£.4.2.4 Family income and impoverished families

The median 1969 family income in Georgia {$8185) and South Carolina ($7620) was considerably
below the U.S. median of $9867. With the exception of Aiken County, family incomes in the
primary counties have been even lower than the respective state medians. The secondary study
area, except for suburban Lexington County, has been poorer yet. The lowest median family
income in the entire study area in 1969 {Screven County, $4810) was less than gne-half the
national average that year. Between 1960 and 1969, the percentage increase in median family
income in the counties varied from 77 to 168%. These Increases still left the study area behind
the 1969 national average, indicating how poor the area population has been even with these
dramatic changes. The relatively low median family incomes of the study area are partly
attributable to a high percentage of impoverished families. 1In 1969, only the more urbanized
counties, Lexington, Afken, Richmond, and Columbia, had percentages of families at poverty
levels (12 to 16%) that approached the national average {10%). The remaining counties had from
23 to 43% impoverished families, significantly higher than the state and national averages.
However, both states” {especially South Carolina) show declining numbers and percentages of
families below poverty levels from 1969 to 1975.

»*
Trend data not available for counties from 1969 to 1975.
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E.4.2.5 Births and deaths

The birth rates in South Carolina, Georgia, and the primary study area have steadily declined,
as have national rates. From 1950 to 1978, the primary study area average births per 1000
persons declined from 25.3 to 17.7 per year, though they exceeded the national average, which
ranged from 24,1 to 15.3 during that period.

Following state and national trends, area death rates declined in the 1950s, increased in the
J960s, and then declined again in the seventies. The differences in the age composition of the
county populations in the primary study area largely accounts for significant death rate
fluctuations. In 1978 primary county death rates varied per 1000 population from 5.9 to 10.6
per year, though rates over 9.0 were most common for counties in the entire study area.

E.4.2.6 Migration

since 1970, migration patterns have reversed in both primary and secondary areas. A slight
increase of 3579 people in the primary study area occurred in the decade to 1970 as net losses in
Aiken, Allendale, Bamberg, and Barnwell were siightly exceeded by net gains jin the two Georgia
counties. By 1975 this area had experienced a net out-migration of around 13,400 people caused
primarily by loss of 17,200 people from Richmond County, whereas Columbia and Barnwell counties
showed gains. On the other hand, the net loss of 5000 people in the secondary-area counties was
reversed in 1975 by a net in-migration of around 25,800 people caused almost entirely by gains
in Lexington County. In some counties (Barnwell, Hampton, and Orangeburg) the 1970 net out-
migration trend has reversed to net in-migration in 1975. The more populous counties, such as
Aiken and Richmond, have shown varying migration patterns since 1960. Net migration has shifted
in Aiken from positive {in-migration) in 1960 to negative {out-migration} in 1970 and 1975. The
most urban county {Richmond) showed fluctuating migration patterns: net out-migration in 1960
and 1975, and net in-migration in 1950 and 1970. Those counties with consistent migration
trends over the past 25 years are the two suburbanizing counties in the two 3MSAs (Lexington in
the secondary area and Columbia in the primary area always showed a net increase) and five

rural counties (Allendale, Bambery, Saluda, Burke, and Edgefield) which continue to lose
population.

E.4.2.7 Journey to work

Workers in both primary and secondary study areas were generally employed in the counties of
their residence. Most Columbia County residents, however, work outside the county, reflecting
the suburban orientation relative to the greater Aygusta area in Richmond County. Majior county
employment centers are in Richmond and Aiken fallowed by Orangeburg and Lexington. Smaltler, but
significant, employment centers are in Bamberg, Barnwell, and Hampton counties.

E.5 ECONOMIC PROFILE AND TRENDS

Among the combined study area counties, even those with the highest industrial payrolls and per
capita incomes remain below the national average. Aiken County provides a major contribution to
the regional value added to economic outputs. Though the growth rate in gross state products of
South Carolina and Georgia in the late seventies nearly equals the gross national product growth
rate in the United States, the high-growth state sectors differ significantly from national
patterns. Significant growth has occurred in labor force and labor participation rates. The
construction labor market for future SRP projects includes three major zones in the states of
South Carolina and Georgia.

E.5.1 Major employment sectors

Most study area employment is in the manufacturing industries concentrated in both Augusta and
Columbia SMSAs, though trade sector industries are expanding. Manufacturing employment percent-
ages are highest in Aiken, Barnwell, and Edgefield counties, although the largest number of
manufacturing jobs exists in Aiken, Richmond, and Lexington counties. Counties with the highest
percentages of employment in trades are Richmond and Allendale. Richmond County accounted for
approximately one-haif of the total study area retail and wholesale service in 1977. Concen-
trations of government services and employment were also highest in Richmond County. Area
agricultural sales as of 1972 were greatest in Orangeburg ($46.4 million), Burke ($25.3 million),
and Screven ($21.3 million) counties, though the highest per-hectare sales were recorded in
Orangeburg ($328) and Bamberg ($292).

Major private employers in the primary area are the Graniteville Company (multifabric mills
employing over 6500); the E. [. du Pont de Nemours and Co., Inc., (SRP) employing 8300; Owens
Corning Fiberglass in Aiken County; and Babcock and Wilcox Refractories in Richmond County.
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Murray Biscuits and Continental Forest Industries each employ more than 1000 persons. Major
private empioyers in secondary counties include Western Electric and Allied Chemical companies
{over 1600 employees each) in Lexington and Hampton, counties, respectively. A new Michelin
plant in Lexington County at full operation will employ more than 1000 people. The principal
public employer in the area is the Federal government through the Fort Gordon military base in
Richmond County. Although more than 30,000 new recruits and trainees are trained at the base
each year, the average military population in 1980 was 17,800. One of the major economic
contributions to the area results from the 4500 permanent civilian employees of Fort Gordon,”

E.5.2 Per capita _income and median family income

The industrial payrolls and per capita incomes were highest in the study area in Aiken, Lexington,
and Richmond counties and ranked in the top 50% of the 1974 U.S. county averages. Most of the
counties in the remaining area, however, ranked in the bottom 11% among 1974 U.S. county

averages. From 1969 to 1974, per capita incomes of the urban or suburban counties — Aiken,
Lexington, Orangeburg, Richmond, and Columbia — grew at approximately the same rates (from 8.9

to 9.6%). Per capita income increases were mgre variable in the rural counties during this
period (8.9 to 10.2%). In 1969, those counties in the study area with the highest median family
incomes — Lexington ($8754), Aiken ($8712), Columbia ($B027), and Richmond {$7988) — still

ranked below the U.S. median family income ($9586). Other 1969 median family incomes ranged

from $4480 (Burke) to $6997 {(Barnwell).

E.5.3 Earnings per employee

Employee earnings were highest in the more economically diversified counties of Aiken, Richmond,
and Lexington, although high earnings were also recorded in rural Hampton County as a result of
a large number of skilled manufacturing jobs. As of 1977, the U.5. average income per employee
{$9836) was greater than any county average in the area except Afken ($11,265), largely because
many SRP employees chose to live in this county. Earnings per employee in Bamberg, Saluda,
Allendale, and Burke counties ($7135 to $7817) were also considerably below the 1977 state
averages of $9434 in South Carolina and $10,049 in Georgia.

In general, highest incomes in the study area were reported in manufacturing, transportation/
utilities, wholesale trade, and nonctassifiable service sectors. In addition, employees in
Richmond and Lexington counties had higher earnings than their state averages in the mining,
construction, wholesale trade, and finance/insurance/real estate sectors, Lowest earnings per
employee were reported in the retail and service trades, as well as in the agricultural sector,

E.5.4 Value added+

From 1967 to 1977, the Augusta SMSA has consistently reported the highest level of value added
{VA) in the study area, reflecting the dominance of Aiken county's contribution to the SMSA and
Aiken's unusually high value added rates (64%). Gradually declining vatue added/value shipmentst
(VA/VS) ratios in the study area since the mid-1970s recession indicate either declining impor-
tance of vertical integration, labor intensity, or captive raw materials. Principal products
contributing to a high Aiken County VA/VS ratio are primary clay minerals, finished apparels,
chemical and allied products, and machinery-related proaducts. Since 1970, VA/VS percentage
decreases have been greatest in Orangeburg (-10%) and Lexington {-6.2%) counties.

The 1977 total value added for Richmond ($364 miilion) and Aiken ($611 milling) counties
accounted for 97% of the entire Augusta SMSA value added (3$1.108 pbillion). The SRP value added
in 1977 amounted to approximately $187 million (17% of the total in the Augusta SMSA). State

value added totals in 1977 were nearly $8.1 billion in South Carolina and aimost $13 billion in
Georgia, -

Of the 1979 value added contributed by SRP {$280 million}, approximately 76% fs from plant
operation, 8% is from plant construction, and 6% is from government employment,

o
Fort Gordon data from Augusta Chamber of Commerce, 1980,

*Va]ue added (VA) is the economic value of inputs needed to produce a particular good or
service that originate entirely within the producing establishment or sector. It is the increment
in value at each stage in the production of a good, indicating net income created, and measured
in the form of wages, profit, rent, interest, and taxes.

£ . . . .
~ A high ratio of value added to value shipment (¥S} indicates greater independence from
regional imports.



E-11

Large annual increases in area value added (constant dollar rowth) from 1972 to 1977 have
occurred in Columbia {19.8%), Burke {9.3%), and Saluda (7.8%% counties, indicating the addition
of new plants or the expansion of existing ones. Annual value added percentage decreases of 2
to 3% were reported for Hampton, Orangeburg, and Aliendale counties, as well as the state of
South Carolina {3%). ’

E.5.5 Gross state product of Georgia and South Carolina

From 1976 to 1978, the gross state product {GSP)} percentage growth rates of both South Carolina
and Georgia were slightly behind that of the U.S. gross national product {GNP}. The GSP and GNP
are measures of the economic output of a state and the nation, respectively. The 1976 GNP
(§1.647 trillion) increased approximately 3.8% annually to 1978 ($1.775 trillion using constant
1976 dollars). By comparison, the South Carolina GSP ($17.6 billion in 1976) increased annually
by 3.5% to 1978 (18.8 billion); the Georgia GSP ($34.8 billion) increased about 2.9% annually to
1978 ($36.8 billion using 1976 constant dollars).

A comparison by industry of the 1978 South Carolina and Georgia G5Fs to the 1978 GNP indicates
similarities and differences in economic activity. Gross product output percentages in the two
states are most similar to the nation's (<1% different} in state and local government, electric
and gas services, communication, construction, and agriculture sectors. In addition, Georgia
and the United States are similar in sector output percentage for finance, insurance, and real
estate. The greatest differences between the United States and the two states occur in non-
durable goods (South Carolina about 10% higher and Georgia 5% higher}, durable goods (U.S. about
5% higher), Federal government activities {states about 2% higher) and mining (U.S. about 2%
higher). Georgia GSP parcentages were greater than South Carolina in wholesale and retail
trades, services, finance, insurance, real estate, and transportation, whereas South Carolina
exceeded Georgia only in the nondurable goods sector.

The direct, indirect, and induced SRP impacts on both South Carolina and Georgia economies have
been estimated from respective GSPs and 1979 SRP construction and operation labor force salaries.
The estimated 197¢ SRP impact totaled about 1% ($651 million) of combined South Carolina and
Georgia GSPs.

E.5.6 Labor market

Employment levels in the primary study area increased significantly in recent decades as both
total labor force and participation rates increased. For instance, employment in the Lower
savannah region (all four South Carolina primary counties plus Orangeburg county) grew 20,000 to
91,400 in the decade 1960 to 1970, whereas participation rates increased from around 34 to 43%
of the total adult population.

Future SRP construction labor forces are likely to be drawn from three zones devised for the
DWPF construction labor demand analysis.? 7Zone one includes those areas within daily commuting
distance of up to 110 km from the work site. Construction employees Tiving in the second zone,
around 110 to 240 km from the work site, will usually commute to the site once per week and stay
in mobile homes or rental housing near the site during the work week, Other workers in this
zone may relocate their entire families to locations nearer to the construction site. The
240-km radius from the SRP construction project includes all of the major South Carolina
population centers (cities of Anderson, Greenville, Spartanburg, Columbia, and Charleston) and
three major Georgia population centers {Augusta, Macon, and Savannah). The Atlanta SMSA, 260
to 290 km away, is an unlikely market for SRP construction labor force because of current and
projected demand of its own. The third zone consists of all South Carolina and Georgia counties
and represents the probable maximum work force recruitment area.

The total population within a 240-km radius of the SRP was arcu ion people in 1979.
and included 35 South Carolina and 55 Georgia counties, Within the 110-km radius, 13 South
Carolina counties and 7 Georgia counties comprise a total population of around 800,000. Of this
total, approximately 18,000 were construction employees, the largest contributions arising from
Richmond County in Georgia and Aiken {including over 1700 then employed at the SRP), Lexington,
and Dorchester counties in South Carolina. Unemployment in this zone ranged from a Tow of 3.4%
{Lexington County, South Carolina) to a high of 9.2% (Burke County, Georgia); the zone average
was 5.2%, more than one-half a percent below national unemployment levels in'1979.

raund 3
rounc 3
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Estimated 1979 construction industry employment in specific needed crafts is indicated in
Table E.3 for all three zones. Employment in these crafts represents approximately 67% of the
total construction work force from these zones.

At the present time the only other large construction project within 110 km of the SRP that will
create a significant demand for skilled laborers is the Georgia Power Company's Vogtle Nuclear



Plant now under construction in Burke County.
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Table E.3. Construction employment by craft and zone, 1979 estimates®

110-kim 240-km
) {70-miie) {150-miie) Two-state
Craf® commuting traveling region
zone Zong

Boilarmakers 62 179 532
Carpenters 2,678 13,105 26,910
insutators 188 932 2,850
Electricians 1,231 5,796 11,869
Concrete finishers 460 1,944 4,358
Ironwarkers 332 1,210 1,939
Painters 620 3,017 6,120
Millwrights 188 962 1,644
Heavy-equipment operators 977 4,803 10,735
Teamsters 464 2,237 4,810
Pipefitters/plumbers 1,280 4,926 10,360
Laborers 2,644 11,665 32,200
Sheet-metal workers . 47 2,477 4,550
Total 11,6086 53,253 117,860

Sources: South Carolina Employment Security Commission, South
Carolina: Nonmanutacturing Industries, Occupational Protile 1978, Columbia,
S.C., 1979, GeorgiaDepartment ot Labor, 1978 OES Results for Selected Crafts
(unpublished). This table is taken in its entirety from Robert Garey et al,,
Preliminary Analysis of Projected Construction Employment Effects of
Building the Defense Waste Processing Facility at the Savannah River Plamt
prepared far ORNL by Oak Ridge Associated Universities, 1981. ORNL/TM-
7892(1981). |

aConstruction employment by craft for the two-state region equals the
sum of cratt employment in South Carolina and Georgia as reported in the
1978 Occupational Employment Surveys of those states, muitiplied by 1.018,
the annual projected rate of growth. Craft employment in the 110- and 240-km
zones was obtained by first dividing 1979 construction empioyment in these
zones into crafts of the same proportions as in the South Carolina and Georgia
occupational employment surveys. To these craft figures, the employment by

craft at the SRP in 1979, and 1979 employment by craft at the Vogtle Nuclear

Power Plant near Waynesboro, Georgia, were added, giving an estimate of
total construction employment inthe crafts of interest in 1979. (The 1979 SRP
construction workers were included in the state totals for South Caralina, but
nol in the county level figures on which the 110- and 240-km zone totals are
based. Vogtle's construction workers similarly wera notincluded in the county

laveal finurag in (Ganraia } Craft sctimatac includa haolnare
ISVE HUISS 01 AW giagy wiain SR uiiails il wes FiSipers.

bMachinists, who will be required m extremely small numbers during
construction, are not included because this craft is not normally considered
part of the construction industry, and thus there are no figures avaitable on
their employment levels in that industry. it is very probable thatallwill be hired
from the iocal area.

plant is over 4000 workers by 1983; completion is scheduled for 1988.*

E.6 GOVERNMENTS AND FISCAL POLICY IN THE REGION

Projected peak construction employment at this

Five levels of government function in the 13-county area, providing services, implementing

policies, and interacting with each other and the citizens.

Py, L2

These levels include 81 communities,

13 counties, five regional councils or planning and development commissions, two states and the

Federal government.

Most of the 3% Federal agencies serving the study area have regional offices, such as the U.S.
Nuclear Reguiatory Commission and the Environmental Protection Agency, in Atlanta or Columbia.

Federal aid to Georgia in 1979 totalled aver $1.36 billion
about 33% of state revenue. Federal aid to South Carolina
capita) and constituted about 32% of total state revenue.

{$296 per capita) and represented
totalled over $870 mi1lion ($297 per

*
In June, 1981, Georgia Power Company announced this schedule had been accelerated.
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Major differences exist between the South Carolina and Georgia judicial systems and organization
of state government agencies. In South Carolina, considerable local variation exists in all
courts except the state supreme court and circuit courts that are governed according to the

state constitution; the entire Georgia court system is uniformly based on its state constitution.
Further, South Carolina has over 130 state government agencies and many responsibilities

overlap; Georgia has 22 consolidated state agencfes.

County governments operate under authorization of their respective state constitutions; munic-
jpalities operate under authorization of state legislatures. In addition to Tocal county and
mynicipal governments in South Carolina and Georgia, "special purpose" {such as school and
water) taxing districts exist. Both states alsoc have granted local "home rule" authorization
for certain powers (Georgia in 1966; South Carolina in 1975) that replaces control of local
government affairs by legislative delegation. in South Carolina, focal home rule for counties
and municipalities allows for taxation, regulatory, and other powers. In Georgia, home rule
does not include the power of levying taxes for either type of jurisdiction,

The county government organizations in South Carclina may be of the following types: council,
council-administrator , councili-supervisor, or council-manager. In Georgia, the governing
authority of counties is the Board of County Commissioners. Officials in each state are elected
for four-year terms.

The forms of municipal government erganization in both South Carolina and Georgia are council,
mayor-council, or council-manager.

In South Carolina regional planning councils of government {C0Gs) were formed in 1971 to promote
area governmental coordination through planning services, Federal grants administration,

economic development, and other management assistance. Regional planning councils are financed
by local, state, and Federal government funds. The Tower Savannah River C0G inciudes Aiken, .
Allendale, Bamberqg, Barnwell, and Qrangeburg counties. The Upper Midlands COG includes Lexington
County. Hampton County is in the Low County C0G, whereas Edgefield and Saluda counties are in

the Upper Savannah COG.

The area planning and development commissions in Georgla provide similar services of regional
planning and are funded 25% by local governments, 25% by Georgia state government, and 50% by
the Federal govermment. The Central Savannah River Area Planning and Development Commission
serves Burke, Columbia, Screven, and Richmond counties in the study area.

E.7 PUBLIC AND PRIVATE SERVICES IN THE PRIMARY STUDY AREA

variations in formal organization and scope of services provided result from contrasting urban
and rural environments in the study area. Large urban areas, such as Augusta and Aiken,
generally offer more comprehensive services provided by full-time paid employees, whereas
smailer rural areas usually depend less upon formal organization. When formal organizations
exist in rural areas, they are staffed on a paid part-time or volunteer basis.

E.7.1 Education

In the six-county primary-area there are nine public school systems: seven in South Carolina
and two in Georgia. There are 78 elementary schools, 27 intermediate schaools, 21 high schools,
10 special schools, 8 vocational/technical schools, and 6 colleges in the study area. Approxi-
mately 93.6% of area school-age children are enrolled in these nine public systems and are
transported by 612 buses to their schools. The remainder attend private schools or are not in
school.

Because the construction and .operation of the DWPF will generate changes in area school enroll-
ments, existing school enrollments were compared with school capacities. Population shifts and
growth have left some areas with too many or too few classroom spaces and facilities. As of
the 1979-80 school year, about 8600 extra students could have been accommodated In existing
public schoals. Table 4.7 shows the excess facility capacity available by school district,

It is clear from the table that the Allendale, Bamberg No. 1, and Denmark-QOlar No. 2 districts
are using their facilities to capacity or near capacity. It would be difficylt for these
districts to handle new growth in school enrollments. Barnwell, Blackville and Williston
districts have sufficient capacity to sustain growth in school enrollments. In the aggregate,
the urban counties, Aiken, Columbia, and Richmond, have substantial excess physical capacity

to handle additional students. However, about half of the individual facilities within these
communities are already utilized near capacity or above capacity levels,

To alleviate enroliment problems, plans for facility expansion exist in some counties, and
new facilities are aiready in place in others. In Aiken County, three new high schools
opened 1n 1980 and 1981, with a capacity totalling 3275 students. Because of shifts in
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enrollment and availability of these facilities, a major rezoning of school boundaries occurred.
Also, the school districts of Allendale, Denmark-0lar, and Blackville have recently added mobile
units to increase classroom space. Further, Coiumbia County is constructing two new high
schools to accommodate a total of 2400 to 2500 students. In anticipation of a possible SRP
expansion, the Barnwell School District has devised three contingency development plans to
accommodate an increase of from 240 to 320 students.

The average student to teacher ratio in each district ranges from 18.5:1 in the Williston
District to 25:1 in the Columbia and Allendale County school systems. Five of the seven South
Carolina districts are below the 1978 statewide student to teacher average of 23:1., On the
other hand, the two Georgia school systems have ratios considerably above the Georgia 1979 state
average of 16.8:1,

E.7.2 Recreation and cultural facilities

A wide variety of bath public and private outdoor recreation facilities exists in the study
area. Participation in activities and demand for appropriate facilities varies among counties.
Federal outdoor recreation facilities include the Santee National Wildlife Refuge, the Clarks
Hi11 Reservoir operated by the U.S. Army Corps of Engineers, and sections of Sumter National
Forest. Five state parks exist in the study area. Privately owned, but publicly available,
swimming pools, fishing and boating facilities, golf and tennis clubs, and other facilities
serve an important area recreational function.

There is heavier usage of Federal and state recreation sites than of local facilities. Evalua-
tions of the study area have indicated a deficiency in public recreational facilities and
programs.3 In addition, the existing county school faciiities are heavily used.

Cultural cpportunities are primarily offered in the major cities of Augusta and Aiken, which
offer museums, Tibraries, historic sites and tours, and other programs. Papular attractions
include the performing arts, offered by the Greater Augusta Arts Council, and major sporting
events such as horse racing held in Aiken and the Masters Golf Tournament held each April in
Augusta. Additional cultural! opportunities are hindered by the lack of adequate facilities for
staging these events.

E.7.3 Fire, emergency medical, and ambulance services

Of the 41 fire departments in the study area, 23 raise their own funds and rely on an all-volunteer
staff. Approximately 10% of the publicly supported fire departments are also dependent upon an
all-volunteer staff. Over 60% of the fire departments in the primary study area are judged to
have adequate service by virtue of their having an Insurance Service Office (IS0} ratings of 8 or
less. The remainder had ratings of 9 or 10 or were unrated. Fire services are rated from 1 to

10 by 1S0: 1 is highest and 10 is inadequate. ATthough the cities of Aiken and Augusta are
Jjudged to have adequate protection (rated 5 and 3 respectively), nearly one-half of the fire ser-
vice area within the counties of Aiken and Richmond are judged to have little or no protection

(150 ratings of 9 and 10).

Approximately 18 emergency medical/rescue services operate in the primary study area, most of
which are staffed by voluntears, and charge on a fee-for-service basis. The area's two publicly
supported services are the Aiken County Emergency Medical Service and the Ambulance Service in
Richmond County provided by University Hospital in Augusta.

E.7.4 Police protection and jails

Law enforcement agencies servicing the primary study area include county sheriff and community
and state police. The highest reported 1979 crime rates of the six primary counties were in
Richmond and Aiken, whereas the four rural counties experienced lower crime rates, as expected.
Relative to the FBI's national average of 1.5 full-time law enforcement officers per 1000
population in counties, Columbia County has the least protection (0.97) and Allendale County the
most (2.26). Richmond county, (1.99} which is basically urban, approximates the national
average of 2.0 policemen per 1000 population for cities the size of Augusta.

The physical condition and specific functions of the area’s six municipal and €ix county jails
varies. The Barnwell County jail also serves Allendale County. The average number of inmates
per day does not exceed average facility capacity. An expansion of the Barnwell County facility
is currently under way; plans to upgrade the Richmond County jail are currently being considered.



E.7.5 Health services

The greatest concentration of health services in the primary study area occurs in the two urban
rcontore nf Aunaucta and Aikan Auausta is a leading rpn1nna1 medical center nrnu1d1ng ngnera]
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and spec1al1zed medical care to the U.S. Army and the Veterans Administration as well as to the
general public. While every county except Columbia has at Teast one hospital, the urban centers
provide 91% of the hospital beds {Richmond, 82%), 94% of the outpatient care, 63% of the nursing
home facilities, and most of the specialized medical services. Only Allendale and Bamberg
counties are without nursing home facilities.

Bed vacancies usually exist at the nine hospitals in the primary study area. Barnwell County
Hospital has the lowest occupancy rate (30%), whereas the other hospitals average 70 to 90%
occupancy.

Ten of the 13 area counties are designated as "manpower shortage areas" based on ¢riteria from
the U.S5. Public Health Service Act amendments of 1976 and 1979. {Exceptions are Aiken,
Richmond, and Columbia counties.} Shortages in the more rural counties were most prevalent for

physicians, nurses, podiatrists, and dentists.

E.7.6 Sewage treatment

The status of municipal sewage treatment in the counties in the primary study area ranges from
those five systems that regularly discharge some of their effluent untreated to the several that
operate well below capacity. The systems within the counties of Allendale, Bamberg, Barnwell, and
Richmond are currently experiencing sewage problems. Both Allendale County treatment facilities
have reached p]ant capac1ty, however, expan51ons are currently being p]anned At the Denmark Plant
in ﬁamoerg (,ouncy the amount of sewayge is GUUUIE the treatment Caﬁﬁ(flty because af InTIIEf&tTGﬁf
inflow. Expansion of the Denmark Plant is currently being planned. In Barnwell County, sewage

is also exteeding treatment capacity at the Blackville Plant because of infiltration/inflow. A
rehabilitation program is currently being planned. The Augusta Plant in Richmond County is
operating below treatment capacity. About 15% of the effluent is discharged untreated. A
proposed expansion of the Augusta wastewater treatment plant is currently being planned as well

as a program to remove points of raw wastewater discharge. Adequate facilities are in place in
the city of Bamberg, in the Columbia County towns of Martinez, Evans, and Harlem, and in western
Aiken County (Horse Creek Plant). Facility improvements are being planned for Allendale County
and the city of Barnwell. W&o significant treatment probiems exist in Columbia County.

For areas beyond the reach of public sewage treatment, septic tank operation is commonplace.
Soil suitability for septic tank use is classified as siight, moderate, or severely limited.
The percent of each county having severe soil limitations is Columbia (80), Allendale (50),
Richmond (40), Bamberg (25), Aiken (20), and Barnwell (5).

E.7.7 Public water systems

0f the approximately 120 public water systems in the area, 30 county and municipal systems serve
75% of the population; the remainder serve individual subdivisions, water districts, trailer parks,
and miscellaneous facilities such as restaurants, nursing homes, motels, and schools. A1l but four
of the municipal and county water systems obtain their water from deep wells. Those systems
utilizing surface-water sources are the cities of Augusta and North Augusta and Columbia County
{(the Savannah River) and the city of Aiken [Shaws Creek and Shilp Springs). A1l systems can
accommodate additional use, except the Pine Hill Plant located 1E Richmond County, which is
operating at 100% capacity. Area systems approaching maximum service capacity and, therefore,
which can supply the Zeast relative increase in service demand aﬁe Tocated in R1chmond County

[Pine Hi11.{100%), County plant-1 (85%), -2 {90%), and Augusta (70%)], Barnwell County [Barnwell
Plant (84%)], and Allendale County [Fairfax Plant (80%)]. Those systems currently operating at

or below 50% service capacity and, therefore, which can support the greatest service volume
increase are located in Aiken county (Jackson, Monetta, New Ellenton, North Augusta, Perry, and
Salley), Allendale County (Allendale and Sycamore}, Bamberg County (Bamberg, Denmark, Erhardt,
Govan, and 0lar), Barnwell County {Blackville, Elko, and Williston), Columbia County (Grovetown)
and Richmond County. In general, from the inventory of 30 water systems, one-third (10) are
operating at around 25% capacity, and approximately another third (8} are operating below 25%
service capacity {see Table 4.8).

E.7.8 Sanitary landfills and dijsposal

Of the seven public domestic landfills in the area, five are publicly owned, all are publicly
operated, and four will experience waste-capacity problems in the short-range future (0 to
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5 years). The waste capacity at the Columbia County landfill is currently exhausted because of
an unanticipated doubiing of this county's population since 1970, Further, two sites in Aiken
County (DWP-97 and the City of Aiken Sanitary Landfi11) will reach capacity in five years, as
will the Richmond County Sanitary Landfill. At other area county sites, projected maximum waste
capacities will be reached in 10 years at Aiken DWP-72 and 20 years in both Bamberg and Barnwell.

Collection systems range from "do-it-yourself" operations in portions of Columbia and Aiken
counties, to house-to-house collection in Augusta and incorporated communities, to collection
boxes stationed in rural portions of Bamberg, Barnwell, and Aiken Counties. Private contractors
provide collection service in portions of Aiken, Richmond, and Columbia counties.

£.7.9 Social services

A variety of public and private social-service agencies providing legal counseling, health
services, housing and aging assistance, recreation, youth and adult services, medical care and
employment, and educational services are found in the primary study area. More than dne-half of
the 347 agencies are located in the urban counties of Richmond (147) and Aiken (84;; lesser
concentrations are found in rural counties such as Allendale (42) and Columbia {12). Except for
CoTumbia County, each county has at least one agency for each major social service.

£.7.10 Libraries

The primary study area is served by three regional library systems: Afken-Bamberg-Barnwell-
Edgefield (ABBE), Allendala-Hampton-dasper (AHJ), and the Augusta Regional Library System
{ARLS). The ABBE regional system includes a main library in the city of Alken, three county
libraries, six branches, and one bookmobile. The AHJ system includes one library located in
Allendale County plus one bookmobile. The ARLS includes a main library in Augusta, three
branches, and two bookmobiles.

Book collection size per service population was slightly below recommended standard in 1979 at
two area regional library systems {ABBE and ARLS) and above standard at the third (AHJ).

£.7.11 Utilities

The primary study area is generally well-serviced by electri¢ and natural gas utilities, which
consist of private, investor-owned, municipal, and rural cooperative companies. Natural gas is
used primarily by industrial customers; residential customers consume most of the electricity.
Most of the area power is generated by two utility companies, South Cargplina Rlectric & Gas
(SCE&G) and Georgia Power, from coal, natural gas, oil, and hydropower. Power is sold directly
to residential customers or wholesale to municipal and cooperative utilities. The 1979 summer
peak demands were 67% of total generating capacity (3.66 GW) at the SCE&G, and 96% of total
generating capacity {10.57 GW) at the Georgia Power Company. ,
Two power generating facilities are located within the primary study area and another is under
construction. Although the SRP is the largest customer of SCEAG, it also consumes power produced
by its own coal-burning facility. The Urquhart Steam Plant, a coal/matural gas facility, with
290,000 kW capacity, is located in Aiken County on the Savanpah River. The Vogtle Nuclear Plant
located in Burke County is under construction for the Georgia Power Company and scheduled for
operation after 1983.

Natural gas, used mainly for industrial purposes, is transported into the study area by the
Carelina Pipeline Company and distributed by the SCE&G, the Bamberg Board of PubTic Works, the
Atlanta Gas Light Company, and the Georgia Natural Gas Company. The natural gas lines in
Columbia County have limited service capacity that may hinder future industrial expansion.

E.7.12 Civil defense and emergency preparedness

A1 primary area counties, except Allendale, have active ¢ivil defense departments and state-
approved emergency preparedness plans. In Allendale County, the sheriff acts as civil defense
coordinator. Staffing varies from a totally volunteer basis (Burke County) to two full-time
employees plus 100 to 300 volunteers {Aiken, Barnwell, and Richmond counties). Funding is
provided by one or more Federal, state, county, and local government appropriations and from
private donations. Emergency preparedness plans outline county civil defense roles in com-
munications, law enforcement, search and rescue missions, transportation, and medical services.
Plans also address natural disasters including those from high winds, severe storms, earth-
quakes, and floods, and man-made disasters from hazardous chemical spills, nuclear releases,
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fires, mass transportation accidents, and explosions. ATl of the active civil defense depart-
ments hold training sessions for volunteers including at least one simulated mass-scale emergency
per year. HNone of the seven counties has an emergency operating center fully qualified by
Federal standards, but all have buildings that serve as their major communication centers.

Though the counties utilize a wide variety of communication networks and the degree of practice
is highly variable, 21l are attempting, with the assistance of their state civil defense
agencies, to adopt more uniform and comprehensive practices. A 1980 South Caralina iaw on
emergency preparedness provides for development of minimum standards, definition of roles and
responsibilities of state agencies, designation of state and local contact points for official
public information, and guidelines for a public education program. "

In addition, the SRP has various service agreements for mutual asistance or special support with
Fort Gordon and Talmadge Hospital in Augusta. SRP also has fire-fighting mutual aid agreements
with Allied-General Nuclear Services in Barnwell, the city of Aiken, and the South Carolina
Forestry Commission. Memos of understanding between SRP and the states of South Carolina and
Georgia cover notification and emergency responsibility in the event of a potential or actual
radiological emergency at the SRP.

E.8 HOQUSING

Because some workers for the proposed DWPF facility will require housing in addition to that
currently avaiiable, the existing housing stock will be characterized herein with respect to its
location, condition, and other characteristics, The capacity of the housing industry s

assessed.

Most of the available housing stock in the study area is located in the Augusta (Georgia) SMSA
and in Lexington County of the Columbia (South Carclina) SMSA. As shown in Table E.4, about 87%
of the total primary area housing stock exists in the three Augusta SMSA counties (118,750 units -
in 1979}, whereas the three smaller rural counties of Barnwell, Bamberg. and Allendale contain
the remaining 13% (17,650 units in 1977). The greatest percentage increases in housing stock
are occurring in Columbia County, which more than doubled its total housing stock in the past
decade, increasing at an average rate of nearly 11% per year. Both Aiken and Richmond counties
added more than 1000 units per year since 1970, increasing at average raies of 3.6% per year.
Demand in Barnweil county averaged about 3.5% per year in the period 1970 to 1977, whereas
Allendale and Bamberg county rates were slightly Tower at 3.4% and 3.2%, respectively.

Although Allendale and Bamberg counties increased their stock in the past decade, both showed
decreases between 1950 and 1960. In the secondary area, Screven County's stock decreased
between 1950 and 1970.

The greatest absolute and percentage increases in secondary area housing stock occurred in
Lexington and Orangeburg counties: Lexington averaged a 4,6% increase per year (1960 to 1970)
while Orangeburg increased about 4.0%.

One-half of the Aiken County increase in housing in the past decade (about 5200 units) resulted
from that county's especially high rate of mobile home growth. More than one-half of the total
mobile home growth in the SMSA in 1979 occurred in Aiken County, reflecting less stringent
regulation than in the other SMSA counties.>

Orangeburg County in the secondary area showed a similarly high increase in mobile homes
(Table E.4} in the early 1970s.

The majority of Aiken County's increased demand since 1950 can be attributed to the nearly

5000 SRP employees who Tive there. About one-half of these workers live in the City of Aiken.
They occupied about half of the estimated 5800 housing units in 1980.

E.8.1 Tenure patterns and costs

The majority of housing in the combined study area is owner occupied, ranging from 45% in Burke
County to 70% in Lexington county in 1970. The largest number of rental units exist in the SMSA
counties (around 33,500 in the Augusta SMSA in 1979},5 reflecting the concentration of rental
units in the larger urban areas. More than one-half (53%) of the housing in the City of Augusta
is rental units.

The median value of owner-occupied housing in 1970 ranged from $8700 in Screven County to

$17,200 in Lexington County. Other high-value housing counties were Columbia {$16,300), Richmond
($14,700), and Aiken, ($13,000). In addition to Screven, other counties with median values
around $10,000 in 1970 were Allendale, Hampton, Barnwell, and Bamberg. The rapid increase in
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Table £.4. Selected housing informatian in the primary study ares and Orangeburg County

Number fncrease i_n Increase in County
County and Number  Number of ragular units A .
. . of rental mobile homes mobile home
year of units vacancies units per year 19701280 regulations
1970—-1980

Ajken, 5.C.

1980 39,791 1,046 5,230

1977 35,883 2,874 8,558 3.6% No

1870 29,333 2,360 7,002
Allendale, 5.C,

1980 3,973

1977 3,511 143 1,426 97 385

1970 3,002 282 1,141 3% No
Bamberg, 5.C.

1980 6,384

1977 6,663 238 2,045 164 750 Yes

1970 4,748 483 1,607 3.4%
Barnwelt, 5.C.

1980 7,282

1977 6,968 334 2,448 190 820

1970 5,397 514 1,795 3.5% No
Columbia, Ga.

1980 14,099 735

1970 6,740 253" 1,806 10.9% 648 Yes
Richmond, Ga.

1980 64,846 1,709

1970 47,754 2,482° 18,345 3.6% 1,651b Yes
Orangeburg, S.C.

1980 29,114 826 2.850° Yes

1970 20,857 4.0%

?For sale or rent.

21970 to 1975.

Source: Socioeconomic Baseline Characterization for the Savannah River Plant area, prepared for Qak
Ridge National Laboratory by NUS Corporation, 1981 ORNL/Sub-81/13829/5 and U,S. Bureau of Cen-
sus, 1980 Census of Population and Housing; South Carolina, PHC 80-V-42; Georgia, PHC 80-V-12; March
1981,

housing values in the past decade is most strongly reflected in the high-growth areas of Columbia,
Lexington, and Aiken counties., In 1980, realtors estimated that average new home costs were
around $36,000 in southern Augusta, $55,000 in western Augusta, $40, 000 in Barnwell, $75,000 in
North Augusta and 360,000 in Aiken (city). Median housing values will remain much lower in the

low-growth counties because the average age of the housing stack is older.

E.8.2 Vacancy trends and physical conditien

In general, vacancy rates (1950 to 1970) have decreased fn the counties and increased in the
incorporated cities and fowns. Vacancy rates normally vary by type of housing also: around 3%
for single family homes and around 7% for multifamily units. The homeowner vacancy rates in
the Augusta SMSA remained constant at 2.4% from 1970 to 1979, whereas the 1979 renter vacancy
rate decreased from around tUh in 1970 to 7% in 1979.% See Table 4.5 for additional vaCanty
information.

The percentage of units -lacking some plumbing facilities is higher in the rural counties than in
the more urban areas, ranging from 5% in Richmond County to 38% in Allendale and 44% in Burke
County (1970).

Similarly, more crowded housing {more than one person per reom) is found in rural rather than

urban ar$as. SMSA counties have 7 to 12% crowded housing (1970), whereas rural counties have as
much as 19%.

E.8.3 Hotels and motels

The greatest concentration of hotel and motel rooms exists in urban areas. Augusta has around
2700 rooms, Qrangeburg County approximately 1000 roams, and Aiken County approximately 500 rooms.
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Excess motel capacity exists in the town of Allendale and elsewhere alang U.S. 301 because of
the major traffic decline on U.S5. 301 since the opening of I-95 in that area. Barnwell, on the
other hand, has a shortage of rooms. Cofumbia County is the only county with n

I
Lo~ (Y
ne iy Loy
motels.

E.8.4 Housing construction labor force and capacity of
housing industry

Past history and estimates by state agencies of the growth in the construction industry by craft
indicate that there is ampie capacity to meet large increases in demand for housing in South
Carolina, especially around urban or growth centers.

local informants and capable of responding fairly gquickly to jncreased demands for housing. Th
City of Barnwell, for instance, has five active housing contractors, and the industry in the
City of Aiken is considered “very strong."®

The housing industry in Aiken, Richmond, Columbia, and Barnwell counties is considered strong by
hn

E.9 TRANSPORTATION

E.9.1 Roads and highways

The area is served by major interstates, U.S. and state highways, and minor access roads

including those within the SRP. Figure E.1 shows the principal roads in the primary study

area. OFf the three interstate highways within the study area, 1-20 intersects the primary
counties of Aiken, Richmond, and Columbia as it extends from the city of Florence, South Caroiina,
westward through the capitoel city of Columbia and through Augusta and Atlanta, Georgia. Inter-
state 26 extends from Asheville, North Carolina, southeast to Charleston, South Carolina, as it
intersects secondary area counties of Lexington and Orangeburg, South Carolina. Interstate 95
parallels the eastern U.S. coast and intersects secondary area counties of Orangeburg and

Hampton, South Carolina.
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Fig. E.1. Highway network in the vicinity of SRP.
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Major U.5. highways intersecting the study area counties include U.S. 321, {through Lexington,
Orangeburg, Bamberg, Allendale, and Hampton), U.5. 301 (through Orangeburg, Bamberg, Allendale,
and Screven), U.5. 78 (through Calumbia, Richmond, Aiken, Barnwell, and Bamberg counties),

U.5. 378 {from Columbia, South Carolina, through Lexington and Saluda counties), and U.S.
highways 1, 178, 601, 278, and 21, parts of which are muiti-lane. Other multi-lane state
highways include 5.C. 125 (from Augusta through the SRP to Allendale}, S.C. 19 {from Aiken to
¥.5. 278 north of the SRP), S.C. 64 (from the SRP to Barnwell), and others near Augusta, Georgia.
various South Carolina state highways lead to the SRP's northern, eastern, and southern boun
although public access into SRP is limited. Northern access to the SRP boundary includes
5.C. 125 {multi-Tane} from the town of Jackson, South Carolina, and S.C. 19 {multi-lane} from the
towns of Aiken and New Ellenton, South Carplina. Eastern SRP boundary access includes $.¢. 781
and §.C. 39 from the town of Williston, S.C. 39 from the town of Elko, and S.C. 64 (multi-lane)
from the town of Barnwell. The 5RP southern boundary access is 5.C. 125 from the town of
allendale. No access roads exist across the SRP's western boundary, the Savannah River. Public
access into the SRP is allowed on six designated roads and restricted to employees only on other
roads by seven barricades. The six public roads are U.S. 278, S.C. 125, a 0.7 km section of SRP
Road 2 {leading to S.C. 19}, and three other rpads near the SREL administrative building.

Although the SRP is Federally owned, by virtue of a deed of easement and South Carolina state
enabling legisiation, the state of South Carglina is responsible for maintenance of the 5.C. 125
easement through the site. State highway 125 was opened to the public in July 1967, although
pedestrians, bicycles, and horse-drawn vehicles are prohibited. The road may be closed at any
time, however, in the event of accident or other SRP related activities.

Traffic volumes in the area vary from more than 30,000 per day in the Augusta region {1978) to a
few hundred per day in some rural areas. OQOutside the Augusta urbanized area, highest average
daily traffic volumes recorded were along the Aiken-Augusta corridor, consisting of U.S5. 1 and 78,
and 5.C. 19. Roads and highways near the SRP average from 2,000 to 10,000 vehicles per day.
Further, traffic generated from the SRP in 1980 approximated 6150 vehicle trips per day.

With no improvemenis to the existing system, major long-range congestion problems within the
Augusta urbanized area would be most severe along Washington Road, Gordon Highway, 15th Street,
Jefferson Davis Highway, and at all river crossings. The Augusta Regional Transportation Study
1974 update projected 25.9% of the road and highway network in urban Augusta to be moderately
congested by the year 2000; 13% of this network is projected to be severely congested.

£.9.2 Railroads

The primary study area is served by several branches of three main rail systems: the Seaboard
Coast Line Railroad {SCLR), the Georgia Rajlroad, and Southern Railway. In addition, the SRP
owns and operates a railroad system within plant boundaries. Of four tracks operated by SCLR in
the study area, one extends westward from the towns of Denmark and Barnwell, South Carolina, and
provides service to the SRP along with another conjoining SCLR branch that parallels the Savannah
River. During March 1977, the Augusta SCLR yard served an average of 1635 cars per day. A

third track extends south from SRP through the towns of Allendale and Fairfax. The fourth track
extends from Ehrhardt in Bamberg County to Green Pond in Colleton County.

The Georgia Railroad main track extends from Augusta's Harrisonville yard westward through the
primary counties of Columbia and Richmond and into Atianta. 1n March 1977, the Harrisonville
yard served over 22,750 cars and averaged 735 cars per day. [In Augusta, the Georgia Railroad
provides primary service to the Belt Line and Savannah River Terminal industries.

Southern Railway maintains three track systems in the primary area. One extends from the town of
Furman in Hampton County, South Carolina, to the towns of Allendale, Barnwell, and Blackville, te
the capitol city of Columbia, South Carolina. Another extends from the town of Edgefield, South
Caralina, through the towns of Aiken, Blackville, and Oenmark within the study area, to Charleston,
South Carolina. The third Southern Railway track extends from the city of Columbia, through
Augusta, and on to Atlanta, Gegrgia. It's yards served an average of about 1200 cars per day in
March, 1977.

E.9.3 Airports
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fields. Bush Field in Augusta and the Columbia, South Carolipa, Metropelitan Airport in Lexington
County {in the secondary area} are the only twe airports that provide scheduled air passenger

services.

The entife Fort Gordon military installation is a restricted air zone as was the entire SRP
reservation before 1976. -
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£.9.4 Water transportation
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Harbor to Augusta (2.7 m deep x.27 m wide x 290 km long), as authorized by the U.S. Rivers and

Harbor Act of 1950, Dams controlling water levels of two upstream reservoirs, Clarks Hill and
Hartwell, assist in ensuring minimum Savannah River channel flow requirements.

The commercial waterborne traffic on the Savannah River below Augusta has increased from about
45,000 t/year in the early 1970s to 100,000 t in 1976 but has since declined because of failure to
maintain a 2.7 m channel in the river. The Corps of Engineers has taken the position that traffic
does not warrant maintaining a 2.7 m channel. Principal products shipped include petroleum,
concrete pipe, minerals, and metals.

C 1A UTCTARTOAL CrOMTM AND ADCUACHI NRTCAAL DESNIDNAESC NE
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THE PRIMARY STUDY AREA

Within the primary impact area in 1979, 55 sites were listed in the National Register of Historic
Places. Table E.5 lists these sites. Richmond County has the largest number of sites (23), the
majority located in the City of Augusta. Of the total historic sites in the region, 78% are
located in Aiken, Allendale, and Richmond counties. In addition, five historic districts,
Graniteville, in Aiken County, and the Augusta Canal, Broad Street, Pinched Gut, and Summerville
historic districts in Richmond County, are found in this study area. Nine sites are located
within a 16-km radius of the SRP, including one in the secondary area {Burke County). Five of
the sites are in Barnwell County.

South Caroiina has & formal list of historic resources in the State Archaeological File. 1In the
four primary counties, 489 sites are listed: 219 in Aiken, 96 in Allendale, 51 in Bamberg, and
123 in Barnwell. These include churches, old homes, and archaeological sites. In addition to
sites listed in the National Register of Historie Places, 113 locally recognized sites are
identified by 4 Survey of Hietorical Sites in the Lower Savannah Regiom.

In the Georgia study area, approximately 80 sites are identified in the State Archaeclogical Site
File; the majority are located in Richmond and Columbia counties. Little systematic work has
been done on these or other potential sites. In addition to the National Register, 42 sites are
included in The Envirommentally Sensitive Areas and Sites of Historieal Significance. These
include homes, churches, industrial facilities, and one natural feature.

Scenic resources inciude Heggie Rock, a large outcropping of solid rock in Columbia County; the
south fork of the Edisto River; and a number of parks and recreation areas such as the Clarks
Hi1l1 Reservoir, which covers over 31,000 ha. 1In addition to the approximately 200 carolina bays
within the SRP, several hundred more of these unique natural wetland basins exist within the
study area {see Sect. 4.5.1 for a description of carolina bays). These oval-shaped depressions
range in size up to 50 ha and are filled with water at least part of the year.

E.11 ATTITUDESS

In six of the seven counties where contacts were made, the attitudes of local leaders toward
nuclear facilities in the impact area remain generally positive.* The economic benefits (jobs,
purchases, taxes} of the four existing nuclear facilities and potential new ones are generally
seen as far outweighing any potential risks. Opposition to the facilities (primarily commercial
waste storage at Barnwell) has been raised by national and regional antinuclear organizations as
well as some local individuals. Differences between the existing facilities are often unclear or
unrecognized by local residents, although a consensus has emerged that it is acceptable to deal
with "our own" or "old" nuclear wastes, but no "new outside wastes" are welcome.

E.11.1 Attitudes toward nuclear facilities

The great preponderance of attitudes expressed by local Teaders toward area nuclear facilities
was positive in six of the seven counties where interviews were conducted. Because attitudes of

*Thfs discussion is based upon interviews with 75 local residents and officials in seven
impact counties {primary study area plus Burke County) as well as newspaper-files and opponent
literature. Though some members of the general public were contacted, most of those interviewed
were a purposive, nonrandom sample of leaders (elected and appointed officials and business
representatives) in the seven counties. No general surveys were employed. It is a well documented
fact that attitudes of local leaders toward .industrial facilities and development tend to be more
positive than those of the general public. Interviews were conducted by E. Peelle, Qak Ridge
National Laboratory, in April to June, 1980, and by R. Garey, Oak Ridge Associated Universities,
in November to December, 1980,
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Table E.5. Natlonal Register sites within the primary study area

MName Location

©Oo D N

13,

15,
16.

17.
18.

18,

20.

2t
22,
23

24.
25.
26.
27.
28.

29.
30.
31
32.

Alken County, South Carolina

. Chancellor James Carrol House Aiken

. Coker Springs Aiken
Legare-Morgan House Aiken

. Phelps House Ajiken
Dawson-Vanderhorst House NE of Aiken

. Fort Moore-Savano Town Site Beech Island vicinity

. Redcliffe NE of Beech island

. Graniteville Historic District Granitevifle

. Silver Bluff W of Jackson

. Charles Hammond House North Augusta

. Rosemay Hall North Augusta

. Joye Cottage Aiken

Allendale C ounty, South Carolina

Antioch Christian Church SW of Allendate

. Erwin House SwW ool Allendaie
Gravel Hill Plantation SW of Allendale
Red Bluff Flint Quarries Allendale vicinity
Roselawn SW of Allendale
Smyrna Baptist Church S of Aliendale
Lawton Mounds Johnsons Landing vicinity
Fennell Hill Peeplas vicinity

Bamberg County, South Carolina

General Francis Marion Bamberg House Bamberg
Woodlands SE of Bamberg
Rivers Bridge State Park Ehrhardt vicinity
Barnwell ¢ ounty, South Carolina

Banksia Hatt Barnwell
Church-of the Holy Apostles Barnwell
Church of the Moly Apostles Rectory Barnwell

0Old Presbyterian Church Barnwel!
Bethiehem Baptist Church Barnwen

Columbia County, Georgla

Kiokie Baptist Church Appling
Statlings lsland NW of Augusta
Woodville Winfield vicinity
Columbia County Courthouse Appling

Richmond County, Geargia

. Academy of Richmond County Augusta
. Augusta Canal Industrial Augusta
Historic District
. Augusta Catton Exchange Augusta
. Stephen Vincent Benet Home Augusia
. Brake House Augusta
Langmark Baptist Church of Augusta Augusta
. Fitzsimons-Hampton House Augusta
. Gertrude Herbert Art Institute Augusta
. Harris-Pearson-Walker House Augusta
. Meadow Garden Augusta
. Old Medical College Building Augusta
. Olg Richmond County Courthouse Augusta
. Sacred Heart Catholic Church Augusta
. St. Paul's Episcopal! Church Augusta
. Augusta Natienal Golf Club Augusta
. Gouid-Weed House Augusta
- Lamar Building Augusta
- Reid-Jones-Carpenter House Augusta
. Woodrow Wilson Boyhood Home Augusia
. College Hill Augusta viciney
. Broad Street Historic District Augusta
. Pinched Gut Histeric District Augusta
. Summervilie Historic District Augusta

Saurce: LU.S. Department of the knterior, Heritage Conservation and

Recreaticn Service, Mational Register of Historic Places, Washington, D.C.,
Government Printing Office, 1979, 1280.
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local leaders toward industrial facilities and development tend to be more positive than those of
the general publig, we asked the leaders about the views of the general public, in particular,
divergent views. Most Teaders could not identify any local persons or groups who were gpposed

(=1 ] P oaley TG pETSUNS U YeE 2 pUsEh.

Leaders note both that people feel that the economic benef1ts outweigh poss1ble risks and that
"most people are not concerned (interested, informed, etc.) about health or envirommental risks.
Across the Savannah River in Georgia, the views are similar though leaders say that "South
Carolina is as close as we want the wastes."

Allendale County is the only county where the majority of leaders has adopted an attitude of
cautious concern and uncertainty rather than unreserved support. The number of wholehearted
supporters of SRP (3} was the same as that of avowed opponents. Twenty other leaders expressed
concern about possibie health effects, requested more information, or are reassessing their
previous support in favor of a more cautious position.

The sharp differences in attitudes between Allendale and the other six counties reflect in part
ne differences in benefits between the counties. In 1979, Aiken County had 4900 residents who

were SRP employees and received $61,000 in payments in lieu of taxes (PILOT) and $380,000 in
school-impact aid; Allendale County had only 106 residents employed at SRP and received less than
$5,000 in both PILOT and impact monies. Even Bamberg County, which is not adjacent to SRP, had
more SRP employees (165}.

Opponents of the area nuclear facilities include various national and regional antinuclear
organizations such as the Palmette Alliance, Friends of the Earth, the Sierra Club, and the
Southeastern Natural Guard. These groups have been active for specific events and protests in
the past but currently have no local offices. They have protested nuclear waste or defense
activities both in concert with and independent of any local opposition.

Other environmental organizations have expressed concerns on nuclear matters as these affect
their particular interests. Ffor example, the Friends of the Savannah River have guestioned
possible contamination of the Savannah River by the nuclear facilities on both sides of the
river, but their orientation is not explicitly antinuclear.

The lack of local concerns about nuclear activities was highlighted by Burke County and other
officials wno noted the absence of protests at the Georgia Power Vogtle nuclear plant now under
construction across the river from SRP.

A11 counties share another characteristic: lack of detailed information about the various
nuclear facilities. Most citizens and some officials do not distinguish between the different
facilities {private and Federal), different purposes (defense, commerciai}, and different
processes that are (or may be) carried out. These activities include power generation at the
Vogtle plant, production of defense materials, such as plutonium, at SRP, storage of low-level
wastes by the Chem-Nuclear company, and potential reprocessing of commercial wastes or potential
storage of spent reactor fuel elements (away from reactor-AFR-storage) at the Allied General-
Nuclear Services facility. A given facility and rulings or events concerning it are often
confused with other facilities.

The only nuclear issue on which some clear distinctions are made seems to be that of new and old
nuclear wastes; many people oppose bringing in "new" wastes though they feel that proper handling
of "01d" or existing wastes is acceptable and desirable. Many individuals expressed the view
that South Carolina should not become the nation's nuclear waste dump.

E.11.2 Community relationships with the SRP

Although the SRP is generally considered a "safe industrial plant” and a "good place to work" and
leaders are aware of its substantial contribution to area employment and economic health, few
formal or informal contacts occur between the SRP plant and the public or local officials. Most
people feel that they are uninformed about the nature of SRP operations or plans, and most
officials and leaders indicated they have never received a communication from either SRP or the
Department of Energy.* Some information about SRP activities is given via speeches and presenta-
tions to certain Aiken business or professional organizations. OQutside of Aiken;, we found only
two leaders (a Barnwell media owner and the Augusta maycr)} who had any regular contact with SRP.
This lack of contact and information is a source of mild irritation to most officials who feel
their city or town is neglected. They expressed the opinion that impacts of future SRP plans

*About 52 letters and information packets were sent to local officials in the 13-county
study area in April and August of 1980 announcing the information gathering activities for the
DWPF Draft Environmental Statement.
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could be accommodated if they knew what to plan for. Lleaders and citizens were generally unaware .

of the SRP environmental monitoring and protection efforts,” and only one was aware of SRP-
sponsored health effects studies. Only six officials recalied receiving notification letters
about the Defense Waste Processing Facility project. Of those who knew of the proposed DWPF
effort, almost all favored solidifying liquid wastes and removing them from temporary tank
storage for eventual removal from the area. Two opinion leaders from the Augusta area emphasized
the need for widely announced public hearings on the draft EIS to be held at accessible locations
and at convenijent times so that the general public has the oppartunity for commenting on the
conclusions.

Since 1968, payments in lieu of taxes {PILOT) have been made to Aiken, Barnwell, and Allendale
counties, based on the value of unimproved lands. These payments were retroactive to 1954 and
now total around $120,000 per year (1979}: $55,000 to Barnwell County, $61,000 to Aiken County,
and $2,800 to Allendale County.

Some concern was expressed by leaders that PI1LOT payments were too low and not distributed to al!
counties that are affected by S5RP. Several officials were aware that existing PILOT payments are
not tied to impacts but only te land values for land previously removed from taxation. School
officials are concerned that school impact payments are declining as the number of children rises
(in Sguth Carolina) or that impact aid for Georgiaz counties will be terminated altogether as of

1401
120F.

*
Three hundred and thirty SRP monitoring reports were sent in 1979 to area news media, state
and Jocal officials, and those who requested them.

TThe extension of schoo) impact funds Tor FY-1981 was qualified by the U.S. House of
Representatives to exclude all jurisdictions outside the state in which the Federal facility
exists, Thus, Georgia counties will no longer receive aid.

~——
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SUBSURFACE HYDROLOGY

Three distinct geologic systems underlie the SRP: (1) the coastal plain sediments, where water
occurs in porous sands and clays; {2) the buried crystalline metamorphic bedrock, where water
occurs in small fractures in schist, gneiss, and quartzite; and (3) the Dunbarton basin, where
water occurs in intergranular spaces in mudstones and sandstones. The coastal plain sediments
contain several prolific and important aquifers, which will be described in subsequent paragraphs.

F.1 OCCURRENCE OF WATER

The coastal plain sediments consist of a wedge of stratified sediments that thicken to the
sgutheast from zero meters at the fall line to more than 1200 m {4000 ft} at the mouth of the
Savannah River {Fig. F.1). Near S-area the sediments are about 300 m thick and consist of sandy
clays and clayey sands.! The sandier beds form aguifers and the clayier beds form confining
beds. The coastal plain sediments consist of the Hawthorn Formation, which is successively
underlain by the Barnwell, McBean, Congaree, Ellenton, and Tuscaloosa formations.

The Tuscaloosa Formation rests on saprolite, a residual clay weathered from the crystalline
metamorphic bedrock (Fig. F.2). The Tuscaloosa Formation is about 180 m thick near S-area? and
consists of a sequence of sand and clay units.? The combined saprolite and basal Tuscaloosa clay
form an effective seal that separates water in .the coastal plain sediments from water in the
crystalline metamorphic rock. The Tuscaloosa Formation does not outcrop near S-area. The sand
units combined are about 140 m thick and supply water to the SRP. In areas of the South Carolina
Coasta) Plain within 40 km {25 miles) of the Fall Line, the Tuscaloosa Formation is a major
supplier of groundwater;“ wells commonly yield over 5500 m3/day (1000 gpm) of good quality water.

The Ellenton Formation overlies the Tuscaloosa Formation (Fig. F.2). It is about 18 m thick near
S-area and consists of clay with coarse sand units. The known Ellenton sediments are entirely
within the subsurface., Although the Tuscaloosa Formation can be distinguished from the tllenton
Formation, the water-bearing units within the formations are not completely separated by an
intervening confining bed and the water-bearing units of the two formations are considered to

constitute a single aquifer.® The clays that separate the Ellenton Formation and the overlying
Cannaavan CAavmadiam awma amnavam Tl outamadizs amd mmmddciiaiim A b rn and ap a mmmEinian bhad dlade
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separates the water in the Ellenton Formation from the water in the Congaree Formation.®

The Congaree Formation (Fig. F.2) is about 40 m thick near S-area and consists of a lower unit of
sand with clay layers and an upper clay layer known as the "green clay." The "green clay"
appears continuous and supports a large head differential between water in the overlying McBean
Formation and water in the Congaree Formation. The Upper Three Runs Creek incises the Congaree
Formatfon (Fig. F.3). The Congaree sand beds constitute an aquifer that is second only to the
Tuscaloosa Formation in importance with yields of up to 3600 m3/day.”

The McBean Formation (Fig. F.2) is about 25 m thick near S-area and consists of a lower unit of
calcareous clayey sand and an upper unit of clayey sands.® The McBean Formation is incised by
Upper Three Runs Creek and Four Mile Creek (Fig. F.3). Groundwater occurs in both units, but
neither are prolific aquifers near S-area.

The Barnwell Formation is overlain by the Hawthorn Formation (Fig. F.2). In some instances the
Barnwell and Hawthorn formations are considered a single unit because of the difficulty in
distinguishing between them. The two units together are about 30 m thick near S-area (EID,

vol. 1). Ffrom bottom to top, they consist of: (1) a clay unit known as the "tan clay," which
usually consists of two thin clay beds separated by a sandy bed; (2) a silty sand unit; and (3) a
clayey sand unit that may include beds of silty clay or lenses of silty sand. The Barnwell and
Hawthorn formations are incised by Upper Three Runs Creek, Four Mile Creek, and their unnamed
tributaries (Fig. F.3). The water table is usually within the Barnwell Formation. Because of
the large amounts of clay and silt mixed with Barnwell sands, it does not generally yield water
to wells except from occasional sand lenses.

F-3
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Fig. F.1. Generalized northwest to southeast geologic profile across the Savannah River
Plant.

F.2 GROUNDWATER FLOW

The Barnwell Formation cammoniy contains the water table with water depths ranging frgm 9tc 15 m

below the ground surface, Static heads {Fig. F.2 and Table F.1)} in the McBean Formation are

slightly lower than those in the Barmwell Formation, indicating a tendency for downward flow.

The Barnwell and McBean formations are separated by the "tan clay," a relatively ‘.ow=perme§b‘.hty

material located about 30 m below the ground surface. Static heads in the Congaree Formation are

about 18 to 21 m Tower than those in the McBean Formation. The McBean and Congaree formations

are separated by the "green clay," a confining bed located about 50 m belaw the ground surface.

Static heads in the Ellenton Formation are about 3 m higher than the Congaree Formation, indi- .
cating the formations are hydraulically separated by clay confining beds located about 90 m below

the ground surface.

The overall vertical flow pattern near 5-area is infiltration of precipitatiqn into the Barnwell
Formation and percolation downward to the Congaree Formation. The “tan clay” diverts some water
in the Barnwell Formation lateraliy to creeks. The "green clay" diverts most of the water in
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Fig. F.2. Geology and hydrostatic head in groundwater near the center of the Savannah River
Plant.

water in the McBean Formation laterally to c¢reeks. The Ellenton and Tuscaloosa Formations are
hydraulically separated from the Congaree Formation and are not recharged near S-area.

The observed potentiometric contours near S-area indicate that: (1) flow in the Barnwell
Formation (Fig. F.4) generally follows ground surface contours and drains toward Upper Three Runs
Creek and an unnamed tributary; (2) the McBean Formation [Fig. F.5) alse drains toward Upper
Three Runs Creek and an unnamed tributary; and {3) the Congaree Formation (Fig. F.6) drains
toward Upper Three Runs Creek. Both the recharge and discharge controls on the water in the
Tuscaloosa Formation are outside of 5-area. The Tuscaloosa Formation acts as a water conduit
through which water passes beneath the SRP in going from recharge zones in the Aiken Plateau to
discharge zones in the Savannah River Valley (Fig. F.7}.

Hydraulic conductivities were determined by laboratory and pump tests near S-area.?® The
direction and rate of groundwater flow dre determined by the hydraulic conductivity, hydraulic
gradient, and effective porosity. Laboratoery-determined hydraulic conductivities are more
variable than those determined from pumping tests. The latter data, shown on Fig. F.8, are
considered more reliabie than the laboratory determinations because they represent a larger
portion of the aguifer being tested.
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the median hydraulic conductivity of the upper sand unit is 0.13 m/day and that

calcareous tlayey sand is 0.07 m/day.l0

during drilling operations make it appear very permeable.
are. not continuous over large distances and the hydraulic conductivity of the calcareous unit is

lower than it appears from drilling experience.
Congaree Formation is 1.5 m/day.®

to be 20%.

The presence of mica and kaolinitic clays in the subsurface
troiling contaminant transport in groundwater.
nd cesium in a postulated leak must be known to estimate the distribution

significant factor in con
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The effective porosity

Fluid losses in the calcareous unit
Apparently zones of high permeability

The median hydraulic conductivity in the

of each of the formations is estimated

materials will make ion exchange a
The pH and the ¢on-

The effect of pH and concentration on the distribution coefficients is shown in
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Table F.1. Piezometer data at DWPF

Formation Piezometer Ground surface elevation Wellpoint elevation Static head
sensed number {m-MSL) {m-MSL) {m-M5L)
Barnwell BH-68 84.43 70.41 74.07
B8H-14 8§7.02 74.83 75.29
BH-23A 87.90 72.66 730
BH-75A 82.60 67.36 73.37
HC-13C 88.97 63.12 75.77
HGC-168 80.04 55.96 71.66
ASSF-1 89.43 66.14 73.88
RSSF-2 84.40 61.27 71.78
RSSF-4 88,12 72.54 73.61
RSSF-5 89.22 65.53 73.06
McBean BH-3 8425 46.45 70.20
BH-6 84.43 54.25 72.60
BH-48B B86.38 49,20 70.96
BH-98A, 84.31 44,07 73.00
HC-98 82.08 53.25 71.63
HC-13B 88.79 58.92 7459
RSSF-3 80.53 60.35 72.79
Congaree BH-4 86.62 2917 52.79
BH-8 83.00 13.20 52.88
BH-15 81.72 30.51 54.53
BH-64A 84.09 13.23 53.07
BH-69 86.78 2521 53.19
HC-9A 82.08 37.73 51.69
HC-16A 80.04 36.00 54.59
Ellenton BH-2 79.52 -14.39 55.50
BH-g 83.45 -7.38 55.72
BH-13 893.03 -0.55 54.16
BH-20A 86.26 -10.06 56.21
BH-50A 86.23 -8.26 55.99
Source: EID.
ES5784
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Fig. F.4. Average elevation of the water table in the Barnwell Formation near S-area during 1960.
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Fig. F.5. Potentiometric contours in the McBean Formation. Source: Map
based on measurements made August 29, 1977.

F.3 GROUNDWATER QUALITY

The water in the coastal plain sediments is generally of good quaiity and suitable for municipal
and industrial use with minimal treatment. The water is generally soft, slightly acidic, and low
in dissolved and suspended solids. Typical values of selected water quality characteristics of
groundwater near the S-area are shown in Table F.2.2

F.4 GROUNDWATER USE

The Tuscaloosa and Congaree formations are prolific aquifers and are major sources of muniéipal
and industrial water supplies. The McBean and Barnwell formations yield sufficient water for
domestic use.

Twenty municipal users {Table F.3) within 30 km of S-area were identified with a total pumpage of
about 39,000 m3/day. Of this, 21,000 m3/day came from the Tuscaloosa Formation, 15,000 m3/day
came from the Congaree Formation, and the remainder came from the McBean Formation.12 The
closest user to S-area is Talatha at a distance of about 10 km, which uses about 150 m3/day. The
largest user s Barnwell, distance of about 30 km, which uses about 15,000 m*/day.

Sixteen industrial users (Table F.4) within 30 km of S-area were identified with a total pumpage
of about 44,000 m3/day, all from the Tuscaloosa Formation. The closest user to S-area is H-area,
distance less than 2 km, which uses about 5600 m3/day. The largest user is the Sandoz Company,
distance of aboyt 30 km, which uses 11,000 m3/day. Projected future use includes pumpage of
15,000 m¥/day at the Barnwell Nuclear Fuel Plant at a distance of about 20 km from S-area and
pumpage of 11,000 m3/day at the Alvin W. Vogtle Nuclear Power Station at a distance of 25 km from
S-area.l2

Total current groundwater use at the SRP is about 18,500 m3/day. The projected groundwater use
at 5-area is about 3700 m3/day.
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Fig. F.6. Potentiometric contours in the Congaree Formation. Source: Map 61
based on measurements made August 29, 1977.

M&

Water levels in the Tuscaloosa Formation have been measured both on and off the Plant site since

the construction of the Savannah River Plant began. These water levels show fluctuations in
response to climatic variation but no progressive upward or downward trend. Water levels in the
Congaree Formation, which have been measured since 1965, also reflect climatic variations but no G-1
long-term trend. Thus, in the absence of any unexpected major sources of water withdrawal, no
future trend can be forecast. In any event, the minor withdrawals projected for DWPF would have

no discernible impact.
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