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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-level radioactive waste (HLw)
currently stored at the Savannah River Plant (SRP) and the subsequent
decision to construct and operate a Oefense Waste Processing Facility
(OWPF) at the SRP site. The SRP is a major U.S. Department of Energy
(OOE) installation for the production of nuclear materials for national
defense. Approximately B3 x 102 ma (22 million gal) of HLW currently
are stored in tanks at the SRP site. The proposed OWPF would process
the liquid HLW generated by SRP operations into a stable form for
ultimate disposal. This EIS assesses the effects of the proposed
insnobi!izationproject on land use, air quality, water quality,
ecological systems, health risk, cultural resources, endangered
species, wetlands protection, resource depletion, and regional social
and economic systems. The radiological and nonradiological risks of
transporting the insnobi1ized wastes are assessed. The environmental
impacts of disposal alternatives have recently been evaluatedin a
previous EIS and are therefore only summarized in thls EIS.



FOREUORO

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

● into both the selection of an appropriate strategy for the permanent disposal of the high-
level radioactive wastes currently stored at the Savannah River Plant (SRP) and the subse-
quent decision to construct and operate a Oefense Waste Processing Factlity (OUPF) at the
SRP site. The proposed OWPF would process the liquid high-level radioactive waste generated
by SRP operations into a stable form for ultimate disposal. The SRP is a major U.S. Department
of Energy (ME) 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
survei1lance and maintenance of the tanks ensure isolation of the waste from the environment.
$~~ximately 83 x 10’ m’ (22 million gal) of high-level waste currently are stored in these

In May 1977, the Energy Research and Oevelo~ent Administration (EROA) described technical
alternatives for processing SRP wastes together with preliminary cost estimates but did not
evaluate fully the environmental impacts associated with long-tern’management of these wastes.1
A Final mvi?o?vnental Infpact Statement -- Long-Tern Management of Defense High-Level Radio.z.tiue
Waste (Research and Development Progm for.Irwnobi Zia.tion), Saumnah RiOOP pl~t ( Report
00E/EIS-0023) was issued in November 19792 to present the environmental implications of con-
tinuing a large research and development (R&O) progrm directed toward the insnobi1ization of
these wastes. The decision of OOE to continue the imimbi1ization R&O program was announced (n
February 1980.s

The R&O on insnobi1ization of the SRP high-level wastes has been in progress since 1973.
Conceptual design of incnobilization faci1ities began in 1975. Should the preferred alternative
(staged process alternative) be pursued, construction could start in October 1982, which would
allow the immobilization facility to begin operation in 1989. Onsite storage of the imnobilized
waste amuld be provided, as necessary, until a Federal repository, expected sunetime in the
1990’s, is available. The current status of the R&O activities concerning insnobi1ization 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 00E on March 11, 1980, to present
pertinent background information regarding the proposed scope and content of the EIS and to
solicit conanentsand 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 inimobilization for shipment to an
offsite mined geologic Federal repository was compared to other disposal strategy alternatives
as well as immobilization alternatives. 8ecause the expected environmental impacts of disposing
of the SRP high-level waste would be no greater than that for a similar quantity of concnercially
generated waste and because the disposal of commercial1y generated waste was analyzed in detai1
in the Envi?omental Iqact Statement -- Manqement of ConmIeF&aZZy Generated Waste ( Report
00E/EIS-0046F), the discussions on the disposal strategy wi11 rely upon the analyses and
decisions resulting from this report.

In response to the Notice of Intent, 14 individual and private organizations and 10 governmental
agencies provided cments to 00E to assist in the preparation of this EIS. An analysis of the
issues raised in the consnentletters is given as Appendix M of this EIS.

A draft environmental impact statement was made avai1able for public review and cment on October
2, 1981.s Four individuals, 1 private organization, and 7 government agencies provided
concnents;Appendix Q contains these cornnentsand the complete OOE responses to them. Al1
substantive cotients were considered in the preparation of this final environmental impact
statenent.

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 concnentsare identified by the specific
comnent 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,l!and one made to clarify or expand on the
draft statement is identified with the letters “TC.” For exmple, if this sentence were added to rc
clarify a point, it would be identified aS show”. The responses to the individual comnents
contained in Appendix Q also provide additional information and clarification.

Three reports wre used extensively as data sources in the preparation of this EIS. The follow-
ing table 1ists these reports, the institutions at which they were prepared, the dates issued,
and the abbreviated notation (call-out) used to reference the documents throughout the EIS.
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Abbreviated
Title notation Preparer Date

EnuiromentuZ Infomat$on Document, EID E. 1. du Pent de Nemours k Co. 1981 *
Defense Waate Procassiw Facility, (Inc.), Savannah River
DPST-80-249 and supplement Laboratory

DPF ?eohnical Data S*aries, TDS E. I. du Pent de Nemours & Co. 1980
OPSTD-77-13-3, DPSTD-80-38, (Inc.), Savannah River
OPSTO-80-39, updates Laboratory

Socioecowmic Baseline Characterization SBC NUS Corporation for Oak Ridge 1981
for the Savawh River PZant Area, National Laboratory
oRNL/suD-81/13829/5

REFERENCES FOR FOREWORO

1, U.S. Energy Research and Development Administration, AZteMtives for Low-’rem Management
of Defense High-Level Radioactive Waste at the Sauwwh R<uer PZant, Report EROA 77-42,
Washington, O.C., ky 1977.

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

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

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

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

● ‘“ ‘NTR””UCT1”N
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-
level radioactive wastes currently stored at the Savannah River Plant (SRP) and the s~ibsequent
decision to construct and operate a Oefense 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 nuclear-reactor-produ’ed defense material The operations also
generate high-level radioactive waste (HLW) that has been and is continuing to be safely stored
at SRP in underground tanks. These tanks must be continuous y monitored and replaced periodically
to ensure environmental isolation of the radioactive contents. Approximately 83 x 103 m3
(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 OF ANO NEED FOR THE ACTION

The high-level defense waste at SRP must be managed in such a way that current or future
generations wi11 be protected from potential hazards. The long-term waste management system
selected should not depend on the long-term stabi1ity or operation of so’ial or governmental
institutions for the security of waste isolation. In 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 00E, on February 13, 1980, issued a Record of Oecision to
continue a Federal research and development (R&O) program directed toward imunobi1ization of the
high-level radioactive 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 (disposal) 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 technologies 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 portion of this EIS analyzes the environmental and health impacts of the
immobilization alternatives for the proposed OWPF.

3. DISPOSAL STRATEGY ALTERNATIVES

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. Oifferent disposal alternatives were studied in detai1 in the manage-
ment program for cotmnercially generated high-level waste (HLW), and geologic disposal in a
mined repository emerged as the technologically preferred option. Consideration of the suit-
abi1ity of this disposal strategy for defense waste requires a comparison of defense waste with
cotnnercially 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 IJ-4
required for the commercial waste (Table 2.1). Mith 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
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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
the preferred alternative for comwrcial 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.
1ished between the radioactive waste and the biosphere: the waste form, canisters, engineered
sleeves and backfi11, and the geologic medium. The proposed DWPF will imobilize the SRP waste
into an appropriate waste form for placement in a repository. Selection of a final waste form
is scheduled by October 1983, and it wi11 be accompanied by the appropriate e“vironme”tal
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, wi11 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 uti1ize the host formation and overlying geologic materials as permanent
geologic barriers. Imnobilized waste from the proposed DWPF can also be packaged for disposal
in very deep hole or subseabed repositories.

The “no-action” alternative to immobilization for geologic disposal calls for continuing the
existing method of management for the defense HLW at SRP. It requires continuous monitoring
and maintenance of the tanks and periodic transfer of wastes to new tanks with retirement of
old tanks. Surveillance has to be continued unti1 either the radioactivity has decayed to safe
levels (hundreds of years for some radionuclides and thousands of years for others) or unti1 a
permanent disposal scheme is implemented. Removal of strontium-90 and .cesium.137from the
waste would sig”ificantly reduce the heat generated by the waste so that the ren!ainingmaterials
could be stored in u“cOoled tanks. The recovered strontium-90 and cesium-137 would probably
have to be disposed of as HLW unless beneficial uses weve developed. The recovery of cesium-137
and strontium-90 would require the construction of a new facility a“d 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. Recovery of
strontium-90 and cesi”m-137 would not alter the management needs or the unacceptable environ-
mental stat”$for the “no-action” disposal alternative of continuing tank storage,

The environmental impacts of ““mero”s additio”a] disposal alternatives have recently been
evaluated. The results are sumarized 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. Most of these strategies will
require imnobilization prior to disposal; however, al1 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 faci1ity would be
needed to imobi’1ize the waste. Three innnobi1ization alternatives (reference, delay of reference,
and staged) were analyzed in detai1 to show the possible range of environmental impacts associated
with the construction and operation of a DWPF. Both the reference and staged design resulted
from the R&O program undertaken to find a suitable method to inunobi1ize 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 in?nobilization alternative. All three immobilization
alternatives require the processing of the SRP waste into two fractions: a high-level radio-
activity fraction for immobi1ization and offsite geologic disposal and a partiallY decontaminated
salt fraction for solidification and disposal as low-level waste on the SRP site. A brief
description of each alternative is given below:

1. Reference immobilization alternative. This alternative requires the construction of a
large remotely operated facility for simultaneous processing of the sludge, Salt cake, and
supernatant. Construction would start in October 1982, with operations scheduled to begin
in 19B9.

2. Oelay of reference immobilization alternative. This alternative assures that construction
and operation of the proposed DWPF are delayed for 10 years. It i$ assumed that a Federal
repository would then be available to receive the inrnobi1ized 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. For conservatism, the reference innnobi1ization design was
used In performing the impact analysis.

3. Staged process alternative. Because of on-going R&O effort, a staged process alternative
was developed to first construct a faci1ity 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 faci1ity would start in October 19B2 with operations scheduled by 1989;
Stage 2 facility construction would start in 1985 with operation scheduled for 1991.

The selection of these three imobi 1ization 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 lmobi 11zation
alternatives for the SRP defense high-level radioactive 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 immobi1ization process is general1y similar for the three alternatives although specific
design components may vary. The process to treat the sludge consists of the following steps:
separation of the S1udge solids from the soluble components (salt solution); imobi 1ization 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 sludgel
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 radioactivity constituents from the salt solution by
ion exchange (these constituents are to be in!mobilized with the S1udge); formation of saltcrete
from the residual decontaminated salts by mixing with cement; and burial of the low-level
radioactivity saltcrete in an intermediate-depth-engineered disposal area.

Other inrnobilization alternatives considered were imobi 1ization without separation and interim
imobi 1ization. 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 detai1.

*
Borosilicate glass is used

under research and developwnt.
as the reference waste form; other waste forms are currently
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Three potential sites at SRP for the DWPF wre considered. The site selection factors
considered included the f0110Wln9: distance to the high-level waste storage tanks, site
topography, geology, hydrology, eCOlogY. soi1 condition, access to existing services, and
distance to a suitable area for disposal of the decontaminated salt.

Al1 the imobi 1ization alternatives wi11 generate decontaminated Salt as a by-product. Based
on the proposed Nuclear Regulatory ConunissionClassification guide, the decontaminated salt can
be disposed of as low-leVel radioactive waste. The DOE proposes to dispose of the decontaminated
salt in a concrete mixture (saltcrete) in an engineered landfil1 meeting requirements appropriate
for hazardous waste as wel1 as those for low-level radioactive 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 geologic repository.

The main criteria for locating an aree for disposal of the decontaminated salt as saltcrete are
the depth of the groundwater and the distance from the proposed OUPF. 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 ItlMOBILIZATIONALTERNATIVES

Table S.2 sunnnarizesthe impacts and their significance from construction of the proposed OWPF.
Table S.3 presents the same information for DWPF operations. Impacts of the staged alternative
are compared in Tables S.4 and S.5. Impacts for the reference alternative, the delayed reference
alternative, and the preferred alternative (staged-process) are compared in Table S .6. In
evaluating effects, especially radiation-induced effects, conservative assumptions were generally
used wherever assumpt~ons were necessary. Conservative assumptions tend to maximize the intensity
of an effect and provide a conservative (high) assess~nt of risk.

0’

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
desc~ibed in the EIS, selected studies will be initiated, and others will be continued to
monitor environmental parameters where needed. Control measures wi11 be implemented as
necessary to mitigate any environmental problems discovered as a result of the monitoring
programs.
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Table S,6, Comwrimn of imPac’Is bY alternative=

Issue
Reference

immobilization
owpFb

Delayed
ref,,,”.,

DWPF

Staged.0,0.,,,

OWPF

Health risk,

Ecological effects

Land use

A,, quality

Water quality

Transoorta?ion

Resource commitment

Postulated accidents
i.volving radioactive

releass

(1) OWPF and VcqtleC
construction 0. $chedule:
Minor impacts k,uw of

increase in work force-

mitigated by releas of

workers from Vogtlec Plant
COnsl,.cti on. one CO”nw

m,” have school and

housing impact%.

(2) DWPF o“ schedule and
Vogtle dela”ed 2 year,:

lmPacts somewhat greater

,han for Vogtle on schedule
due to increased level of

in-movers above that of
ease { 1) above.

Negligible imoacts are antici-

pated (max. individual
expomre of 0.16 mil!i -
rem P,, “earl.

Wildlife hab,tat will be

displaced; temoorjrv

siltation of surface
streams will occur; one

carol ina bay wetlands
area will be eliminated.
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re,ai.ed for operation.

Particu late,, so, co,
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power pla.t: drift will be
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will be discharged to
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of 1,6 injuries and 0.1 deaths

per year.

Resources include
materials for both co.-

str.ctions and oDerat ian.

Negligible impacts are

anticipated (maximum
indi. idud expowre of

0,32 millirem per year).

1moat,, great,r than t.,

,, ference DWP F

because of harp in.
c?easein work force wif.h
out mitigation by V.agtle

Work. force release.

same,,farrefer,”.,

DwPF,

Sam, as for reference
DwPF.

same.,to,reference
DwPF,

same.$ forreference
OWPF.

sameas for reference

DwPF.

sameasforreference
DwP6.

Same as for reference

DwPF.

%me as for reference

DWPF.

lmPxu lower than for

either reference DWPF or

delayed DWPF– work
force is roughly 60% of

that for other alternati.e$

Negligible impacc$ are ancici. / TC
pated (max. individual
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%milar to reference OWPF
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turbed during construction.:
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Only cooling-tower drift snd
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is required for this alternative.
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existing plants.

similar to reference DWPF

except thst coal-associated
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sam, as for reference DwPF.

Quantities committed are
lower than for the
reference DWPF

Negligible impmt,are

anticipated [maximum
individual exposure of

0,04 millirem per year),

‘See two preceding tables for s.mmari,s of impacts and their si9nific8nce.

‘The nference DWPF is take” as the baw case for comoafi$o” wrPoses only; Che,Ia@d oroce,, DwPF i, the P,eferred .Iternat;,e,
CThe Vog!le Power Plant is a nuclear power plant being Constructed by the Georgis Power Company within 20 km of the

PrOPOsedDWPF.
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1. NEED FOR ANO pURpOSE OF OEFENSE MASTE PROCESSING FACILITY

●
1.1 NEEO

1.1.1 Oefense wastes

The Savannah River Plant (SRP) near Aike”, South Carolina, is a major installation of the U.S.
Oepartme”t of Energy (OOE) 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 radioactive waste
from the chemical processing of fuel and target materials after their iri-adiationin the SRP
nuclear reactors. The high-level radioactive waste contains the residual radioactive and
stable fission products, some unrecovered uranium and target materials,some plutonium and other
iradiation products, and most of the chemicals used in processing irradiated fuels a“d 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 faci1ities,
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) a“d 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 wi11 be protected
from potential hazards. Storage’in underground tanks is an interim measure because tanks have
finite 1ifetimes and require periodic replacement and continual survei1lance 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 radioactive 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 period 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 isolate SRP radioactive s]udge and
saltcake in a manner which does not rely on the continued vigilance of man to 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 wi11 vemain about
the same but that the rate of nuclear waste generation by the comercial nuclear power industry
WI11 greatly Increase.

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, S .C. The rest is stored in underground tanks near
Richland, Washington, and in bins near Idaho Falls, Idaho. All connnercialreprocessing waste is
currently stored in tanks near”West Valley, New York. Separate environmental reviews are
occurring for each of these faci1ities 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 exist,.9, radioactive wastes in
the United Slate% (1979)

volume Weight

[m’ I [kgl

High.level waste

Defense 2.7E+5a

(from reprocessin91

Commercial 2.3E+3

(from reorocessingl

Soent fuel 2.3E+6

\d)*chargA from Commer.iai reactors)

Tran$u rani. waste

Oefen,e 1.1E+3

Commercial 1,2E+2

source: Interagency Review Group NU./e~r waste

.Uenagement, RePort to the President, TID.2M42, March
1979, P, 11.

aRead ,, 2.7X 1$.

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

1.2 PURPOSE

The purpose of this Environmental Impact Statement is to fulfi11 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 alternatives.

1.2.1 Proposed action

The proposed action is (1) to select a disposal strategy for existing and future sRP high-level
radioactive waste and (2) subsequently to decide on the construction and operation of a Oefense
Waste Processing Facility (DWPF) to insnobilizeSRP high-)evel 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 OWPF include (1) facility location and (2) disposal of the decontaminated
salt as low-level waste.

The preferred disposal strategy is disposition of the immobilized high-level radioactive 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 EIS and will be addressed separately in siting of a
repository.

Assuming the selection of the preferred disposal strategy, the rest of the EIS (Sects. 3 through
6) is devoted to the construction and operation of a facility for processing the SRP high-level
defense waste for disposal. The proposal is to separate the waste into a relatively low-volume,
high-level radioactive fraction (s1udge and radioisotopes recovered from the saltcake) and a
relatively high-volume decontaminated salt fraction. The high-level radioactive fraction is to
be inmmbilized and containerized fov shipment to a“ offsite Federal repository. It is pt.opo$ed
that the decontaminated salt be buried onsite as saltcrete (mixture of salt and concrete)
monoliths at intermediate depth on appropriate y engineered sites. TWO alternatives meet these
criteria for a preferred immobilization alternative, both the reference and the staged process
alternatives. Of the two, the staged approach has been identified as preferred by 00E. ●
In this EIS, borosilicate gla$s has bee” selected as the refevence waste form for immobilizing
the high-level radioactive fpactjon. The final decision on waste form is scheduled to be mde
by October 1983. Before a selection is made, an environmental review of the waste form options
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● Wil 1 be prepared in accordance with 14EPA requiretnents. Because another waste form WI11 not be
chosen unless it has process/product characteristics equal to or better than those assumed for
borosilicate monoliths, the analyses can be considered 1imiting for any waste form in that the
analyses in this EIS wi11 represent conservative conditions.

The potential environmental impacts for the inInobi1ization alternatives and related decisions
are presented with the discussions on the need for mitigating measures.

1.2.2 m

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 immobi1ization of the SRP high-
level waste was initiated. R&D activ~ty 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&O program was development of the technology for removing the wastes from the
tanks, concentrating them into a high-activity fraction, and immobilizing the radioactive
nuclides in a high-integrity form for subsequent disposal

Three important reports concerning SRP waste-management operations have been published in the
1ast fOur years. Al temtives fo? Long-tern Mamqement of Defense High- level Radioactive Waste,
Sauannnh Rive? Plant, A<ken, S. C. , 2 describes 23 alternatives for long-range management and
isolation of the SRP high-level radioactive waste and presents relative costs, risks, and
Uncertainties. Final, EIS, Waste kwgement operations, Sauanmh River Plont, Aiken, S. C., 3
described the waste-management operations at the SRP and analyzes the associated actual and
potential envirOnmentaI effects. Final EIS, Mng-tem Mamgement of Defense High-level Radioactive
Wastes (Resemch and Deue Lopmat -Ogram for Innnobilization), Savannah Rio.? Plant, A<ken,
S. c u ~“alyzeS the long.te~ management strategy for the SRP high-level radioactive waSte. A
dec~~ion was made to continue the extensive Federal R&D effort described in DOE/EIS-0023 directed
toward the in!mobilizationof the high-level radioactive waste at the SRP.5

Two important reports on commercially generated high-level radioactive wastes were published in
198D: (1) Statement of Position of the United States Depa.rtient of tier y in the Matte? of

!Froposed Rulemaking on the Storage and tisposal of Nuclear Va.ste 1 and (2 Finnl EIS, Mwgement
of Corwneycia Lly Genet.ated Radioactive Wastes. 6 Because both of these reports are applicable to
defense wastes, they are discussed at length in Sect. 2, Disposal Strategy Alternatives.

REFERENCES FOR SECTION 1

1. U.S. Department of Energy, Statement of Position of the cbited States Department of &eYgg
in the Matter of Proposed Rulemaking on the Storage and tisposal of Nuclear Waete,
OOE/NE-0007, Washington, D.C., April 1980.

2. U.S. Energy Research and Development Administration, A1.temtives for -ng-tem Management
of Defense High-Level Radioactive Waste, Savanmh tiver Plant, Aiken, S. C., ERDA 77-42,
Washington, O.C..,My 1977.

3, U.S. Energy Research and Development Administration, Final EIS, waste Management Operations,
Savannah River Plant, Aiken, S. C., EROA-1537, Washington, D.C., September 1977.

4. U.S. Department of Energy, Final EIS, Long-tern Mawgement of Defense High-level Radiocetiue
Wastes (Resee?.h and Development Frogram fo? Innnobi Libation), Sauannnh River Plant, Aiken,
S. C., 00EIEIS-0023, Washington, D.C., November 1979.

5. “Record of Decision on 00E/EIS-0023,” Fed. Reg. 45(31): 9763-4 (Feb. 13, 1980) (given in
APpendix A).

6. U.S. Department of Energy, Final EIS, Mamgement of ConnneroiaZLy Generated Radioactive
wastes, 00 E/ EIS-0046F, Washington, O.C., October 1980.



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 radioactive 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 ting-tim Managemat of Defase High- level Radioactive Wastes
(OOE/EIS-0023),1which led to a 00E policy decision issued Feb. 13, 1980,2 to continue research
and development (R&D) activities directed toward imobil ization of those wastes (Appendix A).
As indicated in that PO1icy decision, the alternatives of continued tank storage (no action)
and funding an R.$0program for direct disposal in bedrock under the SRP were not chosen.

The principal objective for disposal of radioactive waste is to provide reasonable assurance
that such waste, in biologically significant concentration, will be permanently isolated from
the human environment. In 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 &vi?omental Impact Statement, Maqement of Connnercially Gene?ated R&ioactive
waste (DOEIEIS-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
00E/EIS-0046F.

Following entire range of disposal technologies was evaluated in detail in DOE/EIS-0046F:

geologic disposal using conventional mining techniques (preferred alternative),

rock-melting disposal,

island disposal,

subseabed disposal,

icesheet disposal,

deep-well injection disposal,

partitioning and transmutation,

space disposal, and

very deep hole disposal.

The

1.

2.

3.

4.

5.

6.

7.

8.

9.

Factors that were considered in each disposal method included: (1) radiological effects during
the operational per?od, (2) non-radiological 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 00EIEIS-0046F is to adopt a national strategy to develop mined geologic
repositories for disposal of conmierciallY generated high-level radioactive and transuranic
wastes and to conduct the necessary research and development program to ensure the safe long-
term containment and isolation of the waste. This proposed action was adopted by the DOE as
indicated in the Record of Decision.k

As indicated in the 00E/EIS-0046F,3 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 lower 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 generally 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 00EIEIS-0046F3 should be of use in
addressing the disposal of defense wastes. Likewise, if the characteristics of the immobi1ized
SRP defense waste are similar.to those of the imnobilized commercial waste for disposal, the
adopted disposal strategy for commercial high-level radioactive waste should be applicable to
the disposal of defense high-level radioactive WaSte.
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Because of their advanced sta9e of development, bOro$ilicate glass monoliths have been uti1ized a
as the reference waste form in the analyses in this EIS and in OOE/EfS-0046F.3 These analyses
used glass properties and characteristics that are believed reasonably attainable with near.
term technology. Because another waste form wi11 not be chosen unless it has equal or better
proce$$/product characteristics than determined for borosi1icate glass monoliths, the EIS
analyses can be considered limiting 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 planned by October 1983, and it wi11 be ac~Ompanjed
by the appropriate envirowental review. The proposed OWPF project is P1annealto proceed prior
to the waste form decision because the primary effort durin9 the first year wi11 be site
preparation. Other disposal alternatives, including indefinite tank storage, are also addressed
briefly in this section to indicate their viability and acceptability for disposal of high-
level radioactive waste.

The R&O programs on the development of alternative waste forms are compatible with the schedules
for waste package designs and repository construction. Waste package design interactions will
occur in three steps. First, the reference glass has been identified and one alternative waste
form wi11 be identified before the conceptual waste package design begins. Second, the generic
reference repository design conditions for al1 geologic media under consideration, interim waste
form performance specifications, and the waste package conceptual designs wiT1 be known before the

~c final defense waste form is selected. Third, three yea?s of intensive waste form development and
characterization under reference repository design conditions wil1 be completed before the final
waste package design begins. Figure 2.1 shows the schedule for these activities.

The first canistered defense HLW would be produced in OWPF 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 OWPF 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 OWPF as required to accommodate these canisters of insnobilized waste.

2.1 CHARACTERISTICS OF WASTES

Since 1953, the SRP has been producing sp@cial nuclear materials for defense purposes. Chemical
separations of irradiated fuel and targets at SRP result in product streams and acidic liquid
streams that contain almost al1 of the fission products and smal1 amounts of transuranics.
Currently, this waste is chemicallY converted to an alkaline solution and stored.in large
underground tanks at SRP as insoluble sludges, precipitated salt$. and supernatant (liquid)..

Because of the nature of the processes producing the SRP high-level wa$te (HLW), the aging
(decay) of the waste (Fig. 2.2), and the waste management procedures, there is same variability
of waste compositions not only frun tank to tank but also within a tank as a function of
location and depth. For purposes of evaluation of alternatives, however, average waste composi-
tions are appropriate. The estimated quantities and radionuclide contents of the solidified
SRP high-level waste are given in Table 2.1.

There are now about 7D operating consnerciallight water power reactors (LURS) in the United
States, having about 50 GWe of installed nuclear-powered electrical generating capacity.
Additional reactors are under co”structio” or being pla””ed. For cmparison purposes, a moderate
nuclear power growh scenario projects 25D GWe operating by year 2000 and normal reactor life
(no new reactors after year 2000). In this scenario 239,oOO metric tons of heavy metal (uranium
and transuranic el~e”ts, primarily p“) wi11 be discharged by the year 2040. Assuming p~ocessing
of consnercial spent ,f”el similar to the processing of SRP defense waste, comparable waste
quantities and key radion”clide contents for the solidified commercial waste are also given in
Table 2.1. The quantity of COmeVCial HLM in individual ca”fsters would be adjusted, eithe~ by
dilution or by vavyi”g 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 00E/E[s-0046F
in that it produces less heat and conseqce”tly has a lower disposal temperature and lower
radiation intensity than a similar quantity of commercial waste. Less uranium has been fissioned
in defense fuel; thevefore, the quantity of fissio” products is less. Because of the lower
quantity of fission products in SRP waste, the decay heat is much less than that in consnercial
waste.
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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 CoinnercialHLW
canisters. The radionuclide content in the defense program HLW canisters relative to the
comercial HLW canisters ranges from about the same magnitude for plutonium to orders Of magni-
tude less for swe of the other n“clides.

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 ,beless from dis-
persion of the SRP waste than f~om dispersion of an equal amount of comnnercialwaste. 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 comercial waste as given in DOE/EIS-0046F3 a~,plies
to the SRP defense waste because the waste is well within the boundaries of the comercial
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●
Tsble 2.1. Coinp8rimnotSUP d~nm andrnmmercialhigh.levelW-
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to to to
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CQra foIrb ~prd”g of ~nt fuelcontaining1.7X 105 metrictonsof heavvmetalltinarioCase3} and

rtiowtiviwat6.5yearsafte,reactordischarge;canisterreq.imme”tdictatedh ~e heatoutpute.llo~dbv tiedisposal
svstem.

Sourcesu.S.DepartmentQfEnerg’1,hfanasment.fCommemiallvGen*ar&Rdtir;w Waa, vo!,2,FlwlEnvironm.nraIImp%t
SIetemenr,DOE/EIS-0046F,Washington,D.C.,October1960;1eCterhOm0.F.Br.w..DOE,roM.E.Miller,NRC,March27.19SI,C0..
cerniwtheWasteConfidenceR.lemaki.g.
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waste in all pertinent parameters. For these reasons, the DOE/EIS-0046F conclusion 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 loadlng passible for the defense wste,
which produces only about one-tenth the heat output, the impacts of disposing of the SRP defense
waste on the repository program should not be significant.

2.2 GEOLOGIC oISPOSAL USING CONVENTIONAL MINING TECHNIQUES
(PREFERREO ALTERNATIVE)

There are locations on earth where changes of a geologic nature take place slowly –over millions
of years. The rate of change for geologic systems, subject only to such long-tern 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 iso16tion of nuclear
waste. To be viable, the previous geologic history of a rock mass would need to indicate
probable continued stability for at least the next 10,000 years; it should be relatively
isolated from circulating groundwater; it must be capable of containing waste without losing
its desirable properties; it must be amenable to technical analyses (i.e., within man’s near-
term ability to model); and it must be teChn010giC611y feasible to develop a repository within
it. To effectively use such a rock mass, man must be able to locate it, enter it, emplace
waste in it, and seal it without permanently dam6ging its basic integrity.

As currently conceived, a mined geologic repository will embody three self-supporting and
interrelated components to form a complete system far long-term isolation of radioactive 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 OWPF into a monolith of
stable 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 suitable rock type. The repository sites would be selected based on
factors such as geologic stability, absence of faulting, seismicity, surface and groundwater
hydrOlogy, stratigraphy, geologic structure, cO~ltment of resources, and c0mPetjn9 land uses.
The repository, excavated by conventional mining techniques, would locate the disposal areas
for emplacement of the immobilized waste about 600 m (2000 ft) below ground.

The concept of geologic disposal of radioactive wastes iS one in which canistered, high-level
radioactive wastes are placed in engineered arrays in conventionally mined rooms in geologic
formations far beneath the earth’s surface. The phrase “conventional mining techniques” refers
to the method of repository construction. Orilling, 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 indic6te that existing, proven, conventional technologies would be used to construct
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the repository, as opposed to the need for, or application of, a new and innovative technology ●
unique to nuclear waste management.

Geologic disposal. .as considered i! this statem*nt, ?Iso employs the concept of,multiple barriers.
MU1tiple barriers Include both engineered and geologlc barriers to improve confidence that
radioactive wastes, ]n biologically significant concentrations,,will not returnto the biosphere.
Engineered barriers Include the waste fo~ Itself, canisters, f11lers, overpacklng, sleeves,
and backfill materials. Each of these components may be designed to reduce the 1ikelihood of
release of radioactive material and would be selected based on site- and waste-specific con-
siderations. Geologic barriers include the repository host rock and adjacent afldoverlying
rock formations. Engineered barriers are tailored to a specific containment need; geologic
barriers are chosen for their in-situ properties for both waste containment and isolation.

Environmental and engineering $tudies Ieqding to the identification and evaluation of potential
geologic repository sites are currently in Progress under the DDE Dffice of Nuclear Waste
Isolation. The selection and development of a geologic repository wi~l be the subject of a
separate NEPA review, including the preparation and distribution of an EIS addressing that
proposed action. It iS thus outside the scope of this EIS.

The concept of geologic disposal using conventional mining techniques has been studied in
detail and cumpared with the other disposal alternatives as part of the DOE evaluation of the
management of commercial1y generated radioactive waste.3 That study concluded, “Thus, state of
the technology stands out as a major decision factor, and the geologic disposal option has an
edge over other options as regards the technology status.” 00E previously has considered
alternative approaches to the long-teim management of high-level radioactive wastes at the SRP.
An EIS provided the basis for a decision (Appendix A) to cOntinue a major R&O pro9ram “directed
toward the iimnobilization of the high-level radioactive wastes at the SRP.” This study con-
sidered specifically the feasibility of removing the waste from the storage tanks, processing
and immobilizing the waste, and preparing the imob71 ized material for shipment to a repository.
The process considered in DOE/EIS-00231 corresponds generally to the OWPF reference immobilization
alternative described in Sect. 3.1.

2.3 INDEFINITE TANK STORAGE

2.3.1 Continuation of current proqram (“No Action” alternative)

This alternative is a continuation of current high-level waste management practices at SRP and
is therefore the ‘lNoAction” alternative under CEQ designations. However, a considerable
mount of positive action is required over a long time period to carry out this alternative.

By 1989, the backlog of high-level waste to be managed wi11 be stored in 30 tanks. Each tank
would contain about 3.8 x 101 ms (1 x 106 gal) of high-level waste, would have a capacity of
4.9 x 10s m!, and would be the double-wall Type III design now being built at SRP. The expected
service 1ifetime of these heat-treated and stress-relieved tanks is between 40 and 60 years.$

When indicated by peviodic inspection of the tanks in service, “ew tanks would be constructed
and the old tanks retired. Salt or sludge would be reconstituted to liquid by dissolving or
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 before transfer. The old tank would be cleaned and
retired from service. The cycle of reconstitution to liquid, transfer to new tanks and evapora-
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
desirab~e or that the radioactivity had decayed enough so that the tanks could be covered and
abandoned.

This alternative is a continuation of operations currently performed at SRP on 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;1 however, it
was rejected as a long-ts.nnmanagement strategy for the SRP high-level radioactive wastes due
to the need for contin”o”s suvveillance and maintenance.z

2.3.2 Mitigating measures

The potential envivonmenta{ effects of continued tank storage can possibly be reduced by selective
recovery of 90Sr and 137CS from the waste. This action would significantly reduce the heat
generation.rate i” the waste and would have the concomitant advantage of making these isotopes
available for potential beneficial use. At 00E’s Hanford Reservation, 9oSr and 137CS removal
was carried o“t o“ high.level radioactive wastes to reduce heat generation rates so that the
wastes could be stored i“ u“~OOled tanks. The isotope removal operations at Hanford were
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undertaken to solve waste storage problems specific to that Site. To date, most of the recovered
137c5 a“d 90sP have been stored onsite as an encapsulated solid in anticipation of future
possible beneficial uses or of ultimate disposal with the other high-level radioactive wastes.
NO market has yet developed for these encapsulated isotopes, and they remain in controlled
storage pending disposal or use.

Recovery of the L37CS and ‘OSr 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 radioactive waste would be increased by the volume of chemicals added to
carry out the S1udge dissolution and other isotope recovery steps. New facilities would be
required for waste processing, isotope purification and encapsulation, and isotope capsule
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 slight increase in the potential
for exposure to the pub)ic. The facilities, procedures, and controls for handling the waste
depleted in 137CS and 90Sr 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 wi11 not
affect the long-term management strategy because actinides and other long-lived radioisotopes
remain in the bulk waste. Thus, removal of ‘37?s and 9QSP 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 evaluated.3 Because the SRP wastes fall within the envelope of waste characteristics
for the comercial ly generated waste, it is appropriate to “tier” on the information and
analyses presented in that EIS. Each of the alternatives is sumarized below. The reader is
referred to other published documents3.6 for more detailed information and a discussion on
these alternatives.

2.4.1 Rock melt

The rock-reelting concept for radioactive waste disposal CalIs for the direct placement of
liquids or slurries of high-level radioactive waste alone 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 radioactive waste. In about 1000 years, the waste-rock mixture
resolidifies, trapping the radioactive material deep underground in what is believed 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.

The rock-melting concept has a large number of technologic and environmental uncertainties
associated with it. As with the very deep hole concept, our abi1ity to understand the funda-
mental geologic and hydrologic mechanisms that exist at reference depths (up to 2000 m) is
somewhat 1imited. The use.of conventional geologic exploration tools to VerifY conditions at
reference depths is uncertain. hnned inspection is not likely to be feasible. In addition,
retrieval of wastes from the process is probably 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.

2.4.2 Island disposal

Island-based disposal involves the emplacement of waSteS within deep, stable geological 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
faci1ities and additional transportation steps would be required. Rmoteness of the probable
candidate islands has been cited as an advantage 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 mechanisins. This disposal concept
would also be subject to adverse 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 disposal, the island disposal
concept is not a prime candidate disposal technology.
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2.4.3 SubSeabed disposal

Wastes may be isolated f~om the b~osphere by mplacment in,the ocean sediment at ocean depths
of thousands of meters. In fO~atlons which have been deposl:ed over mil1ions 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 huwn intrusion and can contribute to dilutian by dispersal
of radionuclides that might escape the sediments.

One QPOPOSed subseabed dispOsal sYst~ 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.

$ubseabed disposal is an attractive alternative disposal technique because it appears techni-
tally feasible that the waste can be placed in areas having relatively 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 retardthe return of radionuclides to the human e“vivo”me”t 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. Whether subseabed disposal can
provide isolation 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 Ice-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 unifotm 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 melt water and waste container, which ave wore
dense than the ice, would slowly settle. This settling would be 1ikely 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 of the ice might provide isolation for
long periods of time unti1 the region of ice flowed to the ice sheet perimeter and was broken
off,

EnviVOnMerItallY, ice-sheet disposal has been estimated to be u“s”itable for ““clear waste
disposal Scientists representing the National Acadmy of Sciences, the Scientific Connnittee
on Antarctic Research of the International Council of Scientific Ll”jons,and the International
CoMissIon 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 n!asson the basement rock, leading to escape via unknown pathways. FOP these t.eason$,
this concept is not currently being pursued.

2.4.5 Oeep well injection

Two methods of wel1 injection have been suggested: deep wel1 1iquid injection and shale/grout
injection,

Deep wel1 injection i.nvolve5purnpi”gacidic 1tquid waste to depths of 1000 to 5000 m into
porous or fractured strata that are $“itably isolated from the biosphere by relatively im-
permeable overlying strata. The waste is expected to remain in 1iquid form and thus my
progressively disperse and diffuse throughout the host rock. Unless 1imits of movement are
well defined, this mobi1ity within the porous host media fomation would be of concern regarding
eventual release to the biosphere, ●
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a For the shale/grout injection alternative, the shale is fractured by high-pessure 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 expect?d to 1imit the inJection depths to the range stated previously.

Many uncertainties exist for the concept, including uncertainties about migration pathways in
groundwater that could preclude injecting a readily mobile. 1iquid, high-level radioactive
waste into deep strata. Containment barriers possible through the use of stabi1ized solid
waste forms and high-integrity containers would not be available using this technique. Addi-
tionallY the deep wel1 injection concept probably precludes retrievability of wastes.

Disposal of 1iquip high-level radioactive waste in bedrock at SRP was analyzed in DOE/EIS-0023.1
Based on that study and on comnents by the Environmental Protection figencycategorizing any
bedrock disposal option at SRP as environmentally unsatisfactory, the DOE determined not to
fund further R&O studies in support of this option.2

2.4.6 Partitioning and transmutation

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 faci1itate
optimum management. Transmutation refers to a radiation treatment of wastes by which nuclides
with undesirable properties are converted to other nuclides w~th more desirable properties
(e.g., shorter half-life, lower radiation hazard, lower mobillty, etc.). The Partl:ioning and
transmutation concepts together connnonlyimply the separation and subsequent “detoxification”
by transmutation of selected radionuclides. Conceptually, the principal candidates for par-
titioning and transmutation are iod~ne, 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 1imitations 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
imnobi1ized 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
low-earth 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
wuld return to the shuttle while the rmaining 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 nuclear waste in
holes as much as 9 km deep in geo!ogic forinations. Oesirable site characteristics for this
tYPe Of dispOsql include crystal1Ine and sedimentary rocks located in areas of tectonic and
seismic stabillty.
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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 dlspose 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
holes of the required size and depth could be drilled.

The principal advantage of the verY deep hole cOflcePtis 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 CONCLUS1ONS AND RECOmENOATIONS

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 survei1.
lance, maintenance, and administrative control to assure adequate long-term isolation of the
SRP high-level radioactive 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 inanobilizationand disposal in a mined geologic
repository. Identification of the preferred alternative Is based on the considerations in
DOE/EIS-00231 and the resulting PO1lCY decisionz as well as on DOE/EIS-0046F3 and the preceding
discussion.

A mined geologic 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 eval”atio” factors,
the only cazegory in which an alternative technology might offer an advantage would be the
radiological effects during the post-operational period for the space disposal option. However,
this is considered a 1ong-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. legal, and institutional feasibility
of isolating wastes within the sedimentary geologic formations of the deep seabed. This concept
is considered a longer-term complementary disposal method to mined repositories. The OOE also
feels that very deep hole disposal warrants some additional study as a possible backup for
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 methods (rock melting, island, icesheet, deep well injection, and transmutation)
were found to not have clear advantages over mined geologic disposal and to provide no additional
COmpl~entary function. In sme cases these other technologies appeared clearly less desirable
(for instance, i“ the rock melting disposal concept, the waste is expected to be mobile during
the period of greatest hazard.)

In sumary, there appear to be no environmental issues that would reasonably preclude pur$uit
of a strategy favoring disposal of high-level defense wastes in deep geologic repositories..
Further, if for any reason this strategy were found to be unacceptable, the use of alternative
strategies, very deep hole and subseabed, would not be affected by a decision to imr,obilize the
SRP high-level waste. Various concepts of impleinentingthe imnobilization portion of this
strategy for the SRP high-level defense waste are evaluated i“ this EI$.

—
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3. IMMOBILIZATION ALTERNATIVES FOR THE OWPF

9 Assuming the adoption of the preferred disposal alternative (geologic disposal using conventional
mining techniques), 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 imnobi-
lization alternatives for an SRP high-level radioactive waste insnobilizationfacility - OWPF -
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.:’2 These
wastes wi11 be the feedstocks for each alternative. The total volme of waste to be processed
during the lifetime 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 radioactivity, however, wi11 differ among
the alternatives to be described. Initial treatment of the waste was assumed to occur either
in the tanks or in the OWPF itself, depending on the alternative.

Three itnnobilization alternatives were considered in detai1: (1) reference imobil ization
alternative, (2) delay of reference imobi 1ization 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 flexibility, and the environmental impact assessments
performed should establish a range of potential environmental impacts for possible innnobi1ization
alternatives for the SRP defense high-level radioactive waste.

The reference incnobi1ization alternative involves the construction of a 1arge facility starting
in 1983 for the integrated processing of sludge and salt to fom (1) borosilicate glass* for
disposal in a Federal repository and (2) decontaminated salt for disposal at SRP as low-level
radioactive waste. The reference facility was developed based on research and develowent
efforts up to 1978; it is based upon the remote operations technology used by the SRP chemical
separations facility.

The delay.of reference inimobi1ization alternative is the same as the reference imobil ization
alternative except that construction and operation are delayed until there is assurance a Federal
repository wi11 be available to receive the innnobi1ized 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 different al effects estimated for the delay of the reference alternative
are applicable also to delay of the staged process alternative.

Because of recent progrm research and planning efforts, a staged process alternative has been
developed that begins with sludge processing and later adds salt processing. Utilization of
current technology provides for reduct~on in the size and complexity of the facility and for use
of existing faci1ities to the maximum degree practicable, thereby reducing the cost.

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

A sunrnaryof 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 OWPF, as built, wi11 probably not be exactly the same as given in any one of the three
insnobi~1zation alternatives; however, process ~mprovements wi!1 not be adopted un1ess safety
analysls indicates acceptable risk and approprlate consideration IS g?ven to differences, if any,

J-1

*Borosilicate glass has been selected as the reference imnobiIized 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.
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●
in environmental impacts. The proposed DWPF wi11 be located on the SRP. The SRP physical
security system and emergency response system wi11 be modified to provide the necessary pro-
tection for the DWPF.

Descriptions of the alternatives use the reference immobilization alternative as the base and,
unless there are changes, descriptions for the delay of reference immobilization alternative
and the staged process alternat<ve wi11 not be repeated. Additional information on selected feed
streams, effluent streams, and imobi 1ized high-level waste product may be found in Appendix O.

3.1 REFERENCE l~OB1llZATION ALTERNATIIIE

3.1.1 Process description

High-level radioactive 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 S1udge 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 91ass;
encapsulation of the wastelglass 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-deDth burial onsite as low-level radioactive 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. Oefense waste processing reference flowsheet. =. E. 1. du Pent de Nemours
and Co., modified from DWPF l’eehnieal Data Smary No. 3, OPSTO-77-I 3-3, April 1980, Fig. 1.1.

3.1.1.1 Description of wastes3

Chemical separations of irradiated fuel and targets at SRP produce product streams, an acidic
liquid waste stream containing almost all 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 alkalj”e
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 radionuclides are contained in the sludge;
however, the supernatant also contains some soluble radioactive elements, predominantly cesium

and some strontium. Once the sludge has settled to the tank bottom, most of the super”ata”t 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, is about 100,000 ms. Estimated volumes of sludge, saltcake, and super.
natant are 15, 62, and 24 x 10s ms, 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 wi11 be constructed as feed and blend tanks for the DWPF.

Chemical separations of irradiated fuel wi11 continue to the year 2002, from which 5 to
10 x 10’ m’ of additional fresh wastes per year are anticipated.* Ouring this period water wi1I
continue to be removed frm the stored wastes resulting in a total projected waste volume of
20 x 103 ms sludge and 87 x 103 ml saltcake. No additional tank requirements are anticipated,
however, because of the storage that wil1 be made available as a result of waste processing and
immobilization. The average chemical and radionuclide compositions of fresh (aged six months
after discharge frm the reactors) high-level liquid wastes from chemical separations operations
are sumarized in Tables 3.2 and 3.3, respectively. Waste composition and characteristics are
variable frm tank to tank and within a tank as a function of location and depth because of
variabi1ity in fresh wastes and because fresh and aged wastes have been mixed in some tanks. The
processes and equipment selected for the OWPF wil1 be designed to accept these variations.

C.ante.tratiOn

Con,tilue”r
Molar glL

N, NO;

NaAl(OH)a

N,OH

N,, CO,

NazSO.
Fe(OH),

MoO,

H910HI,
Other solid#

3.3
<0.2
0.5
1
0,1
0.3
0.07
0,02
0.002
O,lY

<14

59
40
11
43
7.5
1.7
0,5
7.8

aAssuming an average molecular weight
of60

blncl.des all radioactive comDonent$-

fi$$io. oroducts. uranium. and trans-
“,8”,,,.

Source: U.S. Department of Energy,
F EIS, Long.Tem M?nwemEnr of Oefen=
High.letil Rad;oxt)v. Wastes, D 0 E(EIS-

UJ23, Novemtir 1979, Sect, IV, Table
Iv.1, p. IV.2.

3.1.1.2 Removal of wastes from storaqe tanksb

About 280 x 103 mj of water wi11 be required to remove the total projected sludge and saltcake
(20 and 81 x 103 m3, respectively) from the tanks. The total volume of waste to be processed

e

‘This volume is 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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T&le 3.3. Averqa rmiio..clide mmwitic.n

of f rasha SRP hish 1-.1 wasm

Radion.elide Ci/L Rtionuclide Ci/1

,,Nb
!.. ce!.. pr
9SZ,
9,”

8,$,

!.,~e
!., pm

,,>~u
!od Ru.1.6Rh
,.~r
!37,-,

!,9~e

lz?~e
[,. c,

!s!~m

*,*p”

,. (p”
,..,-m

2.8E+1b
1,8E+1
1,6E+1
1.2E+1

9.5E0

3.2E0
3.2E0
2.6E0

l.l EO
6E-1
8E-1

5E.1
5E.1

3E.1
2s.2

3E.3

5E4

3E4

*., Am 3E4
,.Tc 1E4
*,, p” 8E-5
l$. EU 3E.5

“zr 3E.5
,.op” 2E.5
,,5C, lE.5
!,.~n.l,.~b 3E.6
,,~e 3E.6
23, ” 5E-7
,,9, 3E-7
238U 2E-7
!., pd lE.7
!,, Np lE.7
I,, Eu SE-8
,.2PU 2E-3
,s. Tb 2E-8
,,s” 8E.9

11
~After processing irradiated fuel and tarwts that have

coaled six months afler discharge from the rem.ar.

b Re,d a, 2,8 x 101.
3n”’m: U.S. Department of Ene,g”, FE/S, LongTem

&“wemenC 0/ Defen~ High-Levd R8tioactive Wast=, DOEI

EIS.00B, Novemter 1979. Sect. IV, Table lV.2, P.IV-3.

over the assumed 28-year 1ife of the plant is, therefore, projected to be approximately
390 x 10s ma. The supernate fraction (redissolved aged salt and decanted supernate) and the
sludge-slurry fraction wi11 be pumped as separate feedstreams to the OWPF for pretreatment and
processing.

Recycle water from the OWPF, supplemented if necessary by water from the F and H chemical
separations 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 wi11 be accomplished by suspending the insoluble particles
in a vigorously agitated water solution and transferring the resulting 1:1 sludge:water slurry in
increments of about 760 m3 to one of the two sludge feed tanks. Equivalent volumes of slurry
from the storage tanks in the F and H chemical separations areas wi11 be blended to provide the
sludge-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 Ci/L, respectively.

3.1.1.3 Sludge preparation

S1udge slurry from slurry feed tanks wil1 be processed in the OWPF at a design rate of 7.65 Llmin.
After the sludge stream is received in the OWPF, the sludge will be boiled with Sodium hydroxide
to dissolve approximately 75% of the insoluble aluminum compounds present. Aluminum removal wi11
reduce the quantity of feed to be vitrified and wi11 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 wil1 be washed and
centrifuged twice to separate the insoluble S1udge 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 wi11 be evaporated in the recycle evaporator. The e~aPoratOr condensate wil1 be
reused in the process, and the evaporator bottoms wi11 be sent to the gravity settler.

9*
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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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/rein.
The salt feed solution initially will be clar!fied in two steps: (1) the addition of a poly-
electrolyte 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 gravity
settler wi11 be decanted and fi1tered 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.

Fi1tered supernatant wi11 be processed through two ion-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 solution to levels such that it can be handled and disposed of in a less
restrictive manner than the imobi lized high-level wastes. The decontaminated salt solution
from the ion-exchange steps wi11 be pumped to the saltcrete faci1ity and concentrated by
evaporation to a nominal 35 wt % solution. Condensate from the evaporation of salt solution
will be reused in the process.

Cesium, P1 utonium, and strontium wil 1 be eluted from the loaded ion-exchange CO1 umns, concen-

trated by evaporation and mixed with the washed sludge for vitrification.

3,1.1.5 Selective recovery of waste constituents for beneficial use5

Because preparation of salt solution iflcludes steps to remove soluble cesium and strontium via
ion exchange, recovery of one or both of these radioisotopes for potential beneficial use(s)
rather than immobilization is possible but not lanned for,the DWPF. Well-developed technology

?exists for separating and packaging 9QSF and i3 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 recovery 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 ~econdary wastes beca”$e of
the addition of salting agents or other compounds for isotope recovery. For example, nearly
three volumes of intermediate 1iquid wastes are generated at Hanford to recover cesium (95%
recovery) and strontium (7o% recovery) from one volume of high-level waste. Additionally,
90sp ~nd,or 137c$ recovery can lead to j“~rea~ed tp~n~pOrtatiOn requipements a“d j“Crea~ed
occupational and public exposure to radiation,6 Potential comercial 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 1imited
use of these radioisotopes. Sewage S1udge steri1ization 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 jus~ified economically because of the high cost of waste processing compa~ed with
the value of avallable product. Limits on demand for the waste products, because of insuffi-
cient development of applications or restrictions on use of slightly radioactive materials, may
further reduce cost effectiveness of waste-product recovery.7

3.1.1.6 High-level waste innnobilizationand transfer to Storageb,e

Washed sludge, cesium-zeolite sIurry, and concentrated strontium solution will be combined in
the slurry mix tank and Sgbseque”tly 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/65% f~it basis (by weight). Figure 3.2 shows the vitrification process schematic.
Approximately 213 kg/h of water vapor a“d 118 kg/h of air wi11 be generated as off-gases frm
the Spray-calci”ing, glass.melting operations, along with in”chof the mercury in the waste and
small amOUntS of iodine, ruthenim, and cesium. The off-gases wil1 be cooled to remove water

B-1 and the condensable chemical species a“d filtered before passing through ruthenium- and iodine-
absorber beds. Mercury wi11 be separated and sent to a mercury~recovery faci1ity, where it wi11
be cleaned, bottled, and stored for reuse. Water wi11 be transferred to the recycle evaporator. eTreated off-gas wi11 be filtered and released up the stack.

The resulting molten borosilicate glass will be poured at 1150eC 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 Pent de Nemours and Co.,
mocess Arrangement Gptions for Defense Vaste Innno=tion, 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. Tiiefi1led canister wil1 be transferred by crane and transfer
car to a mechanical cell, at tiich point a plug is welded in place. The canister will be leak-
tested and roved to other cells for surface decontamination using HF-HNOs and a final smear test.

The borosilicate glass will contain about 28 wt % 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:q

5 year 15 year

Total activity 184,000 Ci 104,000 Ci
Heat generation 540 w 310 w

The OWPF 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 (5OO
canisters per year).

The filled, seal-welded, 1eak-tested, decontaminated canisters of waste wil1 be moved on a
transfer car to the final check station where they wi11 be remotely measured for gama radiation
and surface temperature. The canisters wi11 then be moved by transfer car through an airlock
and loaded into a shielded cask for transfer to the waste storage building.
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Fig. 3.3. Defense waste processing canister:
m. E. 1. du Pent de Nemurs and Co.,

glass volun]e,625 L; glass weight, 1480 kg.
tiocess Armgement CIPtio.8 for Defense Waste

ImobiZi~ation, DPST 80-203, February 1980.

3.1.1.7 Processing and disposal of decontaminated Saltk

Salt solution frmn the salt pretreatment process (Sect. 3.1.1.4) wil1 be transferred from the
OWPF by pipeline to a salt solution storage tank at the saltcrete facility. The salt solution
wi11 be dewatered by evaporation to a nominal 35 wt.% salt concentration and mixed with cement
to bind any residual radioactivity in a concrete matrix. The saltcrete will be proportioned by
weight to produce a fonn”lation of 35 parts salt, 65 parts water, and 130 parts cement (15 wt %
Salts in concrete).4 The resulting radioisotopic content and chemical composition are 1isted in
Tables 3.5 and 3.6, respectively. Anticipated practice will be to process waste aged at least
15 years. Saltcrete wi11 be produced in batches two days per week on a 6-h operating day.
approximately 530 ma 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 wi11 be reused in the process
for flushing equipment a“d piping. Any eXCeSS condensate wi11 be returned to the general purpose
evaporator system.
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Table 3.4. CJIomical mmwitim of raf.rem

O*S w-m fofm

Amount
Oxide S.aUrte (W1%)

fi, o

B,“0 ,
no,

Cao
N,ZO

so,
Fe,O,
AI,O,
MnO>
u,08
NiO
Zeolite

MgO
Zro,
La,0,
Other !olids
Nonreactive salt

Density

F
F
F
F+S
F+s
F+S
s
s

s
s

s
s
F

F
F
F+s

s

4,08

10.5

0.718
0,943

13.7
42,2

11.8

2.38
3,39
1.09
1.45

2.60
1.43

0.357
0.357

3.03
0.099d
2.37 glm L@’11C.3°C
2.8 g/m L (“3120”C

‘F = Frit; S = compo$ite sludge.
source: TDS, DPSTD.77 .13.3. T8ble 3.1

After mixing, the saltcrete wi11 be transported by pipeline to trenches (6.1 m deep x 6.4 m
wide x 15.8 m long) at an intermediate depth (>10 m below ground level) for disposal as low-
level waste. At the end of each operating period, the equipment and pipeline wi11 be flushed
with condensate under high pressure from the product-salt evaporator, and the flush water wi11
be discharged to the trench. Before the transfer pipeline is flushed, a compressed-air-driven
“pig” wil1 be pushed through it to remove residual saltcrete.

3.1.1.8 Effluent control and pvocessinylo,l~

Liquid wastes

OWPF operations wil1 produce significant quantities of radioactive and nonradioactive 1iquid
wastes that wil1 require treatment before discharge. For radioactive 1iquid wastes, two
treatment systems, a recycle evaporator and a general-purpose evaporator, wil1 be provided. A
flow diagram of the radioactive liquid waste treatment system is show in Fig. 3.4.

The recycle evaporator system, located in the canyon building, wil1 (1) receive the more
contaminated waste streams (chzmical andlor radioactive) at an average feed rate of 91 L/rein,
(2) concentrate them by evaporation, (3) isolate 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 facility, will (1) receive the condensate from other evaporation systems, (2) con-
centrate it by evaporation, and (3) isolate the evaporator overheads condensate for controlled
discharge to Four Mile Creek or reuse in ion-exchange operations in the canyon process. The
general-purpose evaporator bottoms wi11 be returned to the recycle evaporator system.

Al1 canyon floors wil1 be sloped to drain to sumps provided in each building section to CO1lect
spillage and washdown liquids. The 1iquids wi11 be returned to the recycle collectio” tank and
subsequently to the recycle evaporator feed tank.

Nonradioactive chemical and industrial wastes resulting from water treatment operations, boiler

e

and cooling tower blowdown, accidental spillage of cold-feed chemicals, or rainwater that has
been contaminated by leaching of pyrites from the coal pile wil1 be treated before release to
comply with U.S. EPA12-14 and South Carolina regulations 5 and pertinent National Pollutant
Discharge Elimination System (NPoES) pemits.
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Treble3.5.R8di.n..riecontent (. Ci/01 of mltcretea - Is-yea, waste

Imlope C.mmntration Isotope C.nentr.lion

3U

90$

90 “

J-9
I

lolpd

110A9

!,l,n~n
123~n

126s.-.
125*
!26%
,,.m~b

,25,n~e

%27~,

,>,m~e
129,

134~,
, 35=,

!37,-,

,,,m ~a
!42ce

14*,-e
1&4pr

! ..,”pr
,44M

147pm

2.0E+lb
<4.0E-3C

<1.9 E-4

<1.9 E-2
7.OE–2
1.9E–7

2.9E–ld

2.9E-ld
1.9E–2

c

<3.OE–7

1.9:+1d

1.5E+1
1.5E+1

4.7E–3

2.92-3
7,9E-11

1.5 E-3

6.6E0

2.1 E–4
1.5 E-3

8.1 EO

3,7E–12

3.7E-12
7.3E–2

.
6.OE–5
1.5E+1d

1.4E+1d

9.5E–7
c
c

.
4.8E–11

1.6EOd

147~m

148~m
14s ~m

161~m

lE.2~u

154E”

155 ~u
206TI

207T,
208T[

209TI

232”

233”

224~
235”

236~

238”

236NP
237NP

236PU

238PU
239PU

240 p“
241 Pu

242 Pu
2&7Am

242Am
,42m Am

243~m

242 Cm
243cm

244cm
245 ,-m

246cm

247cm

248cm

2.4 E-7

5,66-13
1,7E-13

2.2E+1
2.2 E-2

c

1.2E0

7.9E-17

9,6E–8

1.2E–3
1.OE–11

8.7 E-5
9.9E–9

3.6E–4

5.2E–7
l.l E–5

2.9E–6
1,7E–10

9,6E–5

6.1 E-7

7.7E–2

7.8E–4

5.OE-4
5.8 E–2

6.6 E-7
2.1 E–1
1.4E–4
1.4E–4

5.7 E–5

l.l E–4

4.3E–5
l.l E–3

6.6 E-9
5.2E–9

6.5E–15

6.7S–15

●The isotow COnmntrafion$ were computd by a computer model

which simula=$ the flw of isotows thv.augh the reference process.

Unles othewise noted, 00 Crdit was taken Fordec.antami.atlon by

tie ion ex.hanv flw$heet except for ce$ium, plutonium, and strontium.
N“clide concentrations< 1.OE-20 ntilg are noc i“cl”dti.

bflead ,,2.0 X 101.

CBasedon tiemical analyses (see footnoted) the total contribution
from th~e i$orows is <0,5 nCi/g.

‘These wal.m wece determined analyti.e! IV .Ste, actual SR P waste

$“csrnate we, clarified a“d treated by the refer,.,, ion exGh,nW Process.

Source: TDS, DPSTD.77 -13.3, except 59M, 63Ni, and 94ND which

are from “n@ubll$hed data.

TaMe 3.6. Maim chemical mnflituents
of aaltume

Comnound Wt %

NaNO, 5.69

N. NO, 2,10

NaOH 3,07

NaAlO, 1,29

N., co, 1,40

N,, SO. 1.18

Ne,C204 0,0169

NaC! 0,0419

NsF 0,00274

Na[HoO(OHll 0,00837

H, O 29,2

cement 55.9
—

Wrce: TDS, DP3T0.77.1 3.3.

●
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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

Faci1ities wi11 be provided to CO1lect vapors and off-gases from process vessels and tanks. The
process vessel vect system (PVVS) will provide high-efficiency, first-step filtration of these
gases for removal of radioactive particulate. To minimize the diffusion of radioactively
contaminated process vapors and particulate into the canyon areas of the DWPF, al1 equipment
wi11 be connected into the PVVS. The vessel vent header, operated at subatmospheric pressure,,
Wil1 be connected to filterS, one in each of the two main canyons. These headers ~i1I be
sloped ?“d positioned so that any condensate drains from the fi1ter housing to the canyon for
co]lectlon. The vessel vent blowers wil1 exhaust the gases from the canyon operating area to
the canyon exhaust air plenum, which is routed through a sand filter to remove particulate
before the gases exhaust to the stack. Figure 3.5 shows the off-gas treatment flow sheet.

off-gases from the calciner/melter wil1 be scrubbed with the condensate. Thjs ~~r”b ~olutjo”
wi11 be CO1lected with other 1iquids and recycled to the 1iquid waste treatment process.
Scrubbed off-gases wi11 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“wi11 pass through two ruthenium absorbers and then through two
iodine absorbers before being cooled and exhausted to the sand filter a“d stack. Condensate
will be collected in the recycle collection tank, along with other collected liquids, for
recycle to the 1iquid waste treatment process.

Solid wastes

Resins used in cesium and strontium ion-exchange operations wi11 be subject to degradation as a

●
result of chemical andlor radiation damage. When the ion-exchange performance deteriorates
below an acceptable level, the degraded resins wi11 be slurried from the columns and replaced
with new resin. The resins are anticipated to require replacement about once a year, at which
time they wi11 be packaged for burial.
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Fig. 3.5. Radioactive 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 wi11 be repaired in a regulated main-
tenance shop. Unrepairable equipment wi11 be decontaminated, packaged, and transferred to the
SRP burial facilities.

3.1.2 Site selection

Due to current regulations, which preclude transport of 1iquid high-level radioactive 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 wi11 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 1i$t of candidate
sites was reduced to three (Fig. 3.6), which were then judged on the basis of many criteria
including

1.

J-10

2.

3.

4.

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

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

Suitability of the terrain to construction. Should be relatively level with good drainage ●
area and ample space for the initial faci1ity, f“t”re expansion, and construction requirements.

Oepth 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) 1ies to the north of S-area at the intePSeCtiOn
of SRP roads F and 4.

J-10

5.

6.

7.

8.

9.

10.

11.

Distance frm 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,

Distance frcimrivers, creeks, and fl~ing streams. Facility should be as far frm these as
practical to reduce the risk of any radioactive liquids being released accidentallY to the
streams.

Ecological acceptabi1ity, with acceptable impacts on important species and habitats.

Adequacy of subsoi1 structure to support large, heavy concrete butldings. Hydrological and
geological factors must be acceptable for critical structures.

Proximity to existing H-Area for access to uti1ities. IJ-10

Level of interference (should be minimal) with existing plant operations.

Accessibility to plant roads, railroads, electrical power, etC.

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

e 1. Transport of high-level radioactive 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 shielded
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 P.would also have to cross a drainage course to



3-14

2.

3.

4.

5.

6.

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.

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

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

The railroad is readily accessible to both 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
difficult and requires a greater length of track.

The three sites are about equidistant from the plant boundary.

The deDth to the water table at site A is about 3 to 4.5 m versus 10 to 15 m for sites S
and B. Site A would require more extensive dewatering to excavate for the construction of
the seismic- tornado- resistant structures. It is also undesirable to locate lower floors
below the water table.

Potential impacts of OWPF releases to streams were of prime importance. The only significant
discharge to streams from a DWPF site wi11 be surface runoff from storm drainage. Waste
effluents wi11 be minor and wi11 be treated to make their quality acceptable. These wastes will
be piped to H-area for discharge into Four Mile Creek. Site A is the preferred site based on
aquatic 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 is ecological1y preferred to site 8 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 detailed 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 decent.aminated salt from the OWPF wi11 be
designed and constructed to ‘omply with DOE,16 EPA, and South Carolina Department of Health
and Environmental Control (sc-oHEC) guidelines and regulations applicable to the disposal of
both low-level radioactive and hazardous wastes.13-15 About 20 ha (Fig. 3.7) is needed to allow
for operational and perimeter security needs; the preferred area was examined to determine
the existance of wetlands or other valuable ecological resources and none were found as indicated
below,

The decontaminated salt wi11 be fixed in concrete or another medium to provide structural stabi1ity
to the waste a“d to reduce the leachability of potentially hazardous components. The disposal
method will be shallow burial in an engineered landfill. (Burial depths to 10 m are being corl-

J-11 ~jdered.) Based ~“ proposed NRC ~ule~ for low-level ~adioa~tive ~a~te ~it~~, active in$tjtutjonal
controls wi11 continue after the closure of the disposal site. (The period of active controls is
not expected to exceed 100 ye.?,vs.) EPA guidelines and SC-OHEC Hazardous Waste Management Regu-
lations prohibit the contamination of groundwater by potentially toxic substances and provide
rules on the design, constvuctio”, operation, and monitoring of hazardous-waste landfills. Thus,
restrictions imposed by these guidelimes a“d regulations, the hydt.ologicalfeatures of SRP, and
the proximity to the p~oposed OWPF are the prime criteria for evaluation and consideration of
sites for burial of decontaminated Saltcrete.

The design of the engineered la”dfi11 fop the saltcrete, which a$s”me$ burial depths to 10 m, as
Tc illustrated by Fig 3 8 ~eq”ires ~ ~j”jm”m depth of at least 1S m from the final grade level ‘0

the maximum level if Lhe water table. This criterion is not easy to meet at SRP, where areas of
shallow water table are comnon. Four areas of ridgeland zones were found to be of potential
interest by exami”atjo” of topographic a“d aerial photographic maps. These are 1isted in Table 3.B
and are shown in Fig. 3.9. Al1 are UPIand areas with no wetlands, with small stands of upland
hardwoods interspersed in pine stands. Because the sites were ecologically similar and the
presence of r’areand e“dsngered species on a“y of the sites was unlikely, eCOl Ogi Cal character- 0
istics were not included in the comparative site evaluations. Water table data showed that one
WaS bordevlipe fr~ that ~tandpOint a“d it was eliminated for that reason. Of the three sites
with satisfactory water tables, Site 1 offered the majov advantage of being close enough to the
preferred OWPF site a“d to the alternate Sites A and B to pe~mit transfer of the partiallY de-
contaminated salt by doubly contained pipeline. Movement of this material by truck or rail to
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●
Table3.7.C.nnpa.is.m.1,ieb.r.cmr!,ti=d S..$.,.Imr.ative%tteA,ad .Ite.n.,(v.s!,.~

Chara<,erlstic s...,. AI,,,.,,,,. Alf,r.a,i,,
or.r!terl.. $;!?A S,,,B

2. Road crossings

3. Ra,lraad <ro,,in,$

c. Power11.?s
d. C.mmun, c8!ions
e. O,h,r ,.0,.,, 1,,;1,,’,!

7. S. ffi.ien! acreageand s.; table !erra’n

8. Ecoloq?cat f,.,.,,
a. ,W@,land,,

c, Drainageand ,,.s’0.

d. Dewat,r!ng during.O.,,r. et!.”

f. 0,,,,,,.”,1 d’,.h.rge,
1. storm sew,,

2. s..,,.,, w.,,.
3. L,””’d rad,o.c, i.n ,,,., s,,

6. Coolingtower .,,,,s,$
1. A,,,,.,,,,,,. ,,,,. s,,
2. B1.w<low.

-600 m

None

Serviceroad%?. H.acea

SeTv’ces,. rs8“ Hare.

10.13 km

Cr’t’cai ,Iruc,”res ah.”,
0.8 km from ,r,butar,e,
to UPmr Three Run,
Creek

-7wm
Pi*l’ne
Truck

Sm,lar ,. other !’!,,
Water table 9.15 meters

Similar !. .!her site,
S,”r W’11. ..5. small

drainageto U.,,.
Three R,,”, Creek, ,>milar
(en~th t. alternative A

S!mi(.r t. other sites
Sim’lar to *<he, s,,,,
Similar to other site,

Suff’cien! area sod
,Bla,,,el, ,,”,,

small wetland W;ll
& ,l’m, na!,d

Mostly P;.,, small
stend>of “,land
hardwood,, ,.,”,
bo<,omla”dhardwood%
w,IIM ,m..c,,d

D.,,”, to tr;b.tarie$ ofUPPer
Three Run, Creek
p.tent!al f., ,,0$!.”
[m,.., to the,. tr!butarie,

Treated if .,.,, s.., and
,elee,ed ,0 ,r, butar,es
of LIPPerThree RunsCreek

No”,
SDec?es.$ Special Concern,

,r.lent

0,,:. ,0 t,ib. tarie, of U.pe,
Three R,,n,c,e, k

s,?,, trr’,,t’.n
Pum”ed to H.,,,, and

released,. Four
M,,, creek

S’m!lar IOr .($ $,,,$

S,milar for all $,(es
Trea,ed and ““m”,. ,.

Four M,,, creek

s,”’,,,foral, ,,,,,
T,..,,. and ,“m,,ed ,.

Four M;,, creek

-820 m

Surfacedrainaqeto
Four Mile Creek oear
H..,,, >,h basin

Se,v,ce road, ;. H.,,,,
a“d SRP RoadE

Ra,l,oad betweenF.
and H..,,.,

10.13km

Cr’t’cal ,,,..,”.,s .,her
than I.b ,b.ve abwt

0.8 km from Four
Mile Creek

‘2500 m
P’*line
Truck

s’,,;,,,,.o,h,rsite,
Water table 3.4.5 meters

5m?1&rt. othec$ite$
spur W!(IcrosssRP

Road E similar in
length,0 S.are2

S,m’lar ,. o,her S’,,,
S,m,lar ,0 o!her s;,,,
Similar !. .ther SIIeS

S“{+!.:.”, areaand
,el,,iv,l” ,,”,,

Dra!.$ to For Mile
Creek. 1..$,
.,.,’0. ,.,,”,1,(
becauseof 1..,(
grade,

Treated if .,,,,. and
rele,sed!. Four
Mile Creek

None
In$.lficient

inf. rm, !,on

0,,’”,. Four M;,e
Creek

s.,., ,rriga! ’o.
Releasedto Four

M;,, creek

S’mmla,,m a,, ,i,e,
Treated and released

,. F.., M,,, creek

>15W m

Surf.e drain,,, to
UP,er Three Run, Creek

10.13km

C,?t(c,l,,,.,,.,,$ other
thanl.b ,t.aveabut
0.4 km trom tr,h,arie$
to UP,er Three Run!
C,eek

-I1OO m
P,pel;ne
Truck

smrlar to o,her ,;,,,
W,,,, table 9.15 met,,,

%mil.r to other ,(,,,
spur will crosssmall

dra?n,g, ,. UPDerThree
Run, Creek, ,teeoer
,,,,,1”. loogerlength

S,nilar to o?hersite,
Similar to o!her sites
Sim’lar to .Zher sites

S. ffic;en, area b.,
!.,,,1” is ,teeper

M.,,,, ,?.,, small
stands01 “eland
hardwood,, some
bo,,omla”d hardwoods
W,ll M im,.c,.d

Drain, to U,pe, Three
Run, Creek and ,,,
,r?b”tar;e$.highPotential
f., ,,.,; 0.,1 imp..,
M,..,, of steepterrain

Treated if neededsnd
,,,,,,,. ,0,,,, ”,,,,.,
of upper Three Runscreek

Non,
(.suflicien!

,nlorma,’a”

Drain to ,r?butarie,o’ LIDO,,
Three Runscreek

spray (rriy, [on
Pumpedto H..,,. a.d ,.,ea,ed

,. F.,,, Ml,, creek

Si”,lar for .11,:,,$

Similarfor.( I S,,,5
Treated a“d pumped ,.

F.., M’,, C,e,k

3’T, I., ,0, ,,, ,’,,,
Treated,,,. pumped,.
FourMI,,Creek
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Table 3.7. lcon,inuadl ●..—
Character?,tfc

Sara.
Al,,rna,,v,

or cr’terlo”
Alter”., !..

,,,, A ,’,, B
-. ——

7. Chmm’cala“d ,“d”%tr,a waste discharge Trea,ed and““m,,,d to
Four M,,, Creek

g. Cons,r”c,!nn rm,a. t,
1. Terre,,r, al ecolo,, El,”’.,,, Wet,and as

(,,.,*”, ,! ,.

E(’m,”at, ,ab, t,, f., ,Wo
,,,”,501 ,“nc,rr, to S.c.

2, A“,>,,,. ,.010,, I(,c,eased,U,”entled $.,,0,
,,,,1 in Uc,k.r Three R“”,
Crrek kc,.,, 01 $,1,,!,.”
and ,1!, ,I,wat.rln,
,Ii,eharg,,

h. O,ecat, onal ‘m,>act$
1. Terrm,!r(a ,..10,, Sin,lar for all s,tes
2. Aqua,’. ,.0109, Increased,u,,,en’lcd ,ol,d,

,.,,1 ‘n Up,,,, Three R“.,
C,eck be.,”,< 0! drainage
of storm w.,,,

Si”,lac I.? orh.r releas.,

Treat,,, and r.,,a,cd
!0 FourMileCreek

R,,,,,., . . . .. . .. . . ,,,., 0,
wet,$nd

Ir)crea$ed!Uspenc)erlsolid;
,,.,, ,. F.”, M,,, Creek
,,,...,, of ,;,,.,,0. and
,,,. d?wa,erlngd!,chargc,

S’m’(ar for all ,,,,,
lncrea,cd $U,pend,d

,ol,d! level ;. Four Mile
C,,sk &ca.,e ofdra,nage
of,,.rm w.,,,

S,m’la<forother,,,..,,,

1,..,.8 and OU,”,,edt.
Four Milt Creek

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 assumptions made during
the initial site screening.

3.1.3 Facility description

The iminobi1ization facility and the nearby burial site for the immobilized, slightly radioactive
saltcrete are proposed to be located in two undeveloped areas identified as 200-S and ZOO-Z,
respectively (see Fig. 3.6). Existing equipment in the F- and H-area tank farms, such as waste
and chemical transfer 1i“es, diversion boxes, and tank farm evaporators, wi11 be used to the
maximum extent possible. The additions and changes to the SRP by the new areas include the
construction of buildings and fac.i1ities described in Table 3.9 and underground transfer lines
connecting the S-area with the H-area tank farm and with the Z-area. The 200-s and 200-Z area
plot plans are shown on Figs. 3.10 and 3.7 respectively.

3.1.3.1 Waste processing and canister storaqe facilities

The Canyon Building will be rectangular i“ shape, 290 m long x 41 m wide x 32 m high, not
including the air-supply fan.room o“ the main roof. The building will contain two parallel
canyons (process equipment spaces) separated by a multilevel personnel operating area. The
process equipment spaces Nil1 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 B“ildi”g, to be located east of the Canyon Building (Fig. 3.10), will
provide space for safe handling a“d temporary storage of fi1led, 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 canisters on an as-needed basis; for
this analysis, storage capacity of 6500 canisters (13 years’ production) was assumed. Natural
convection cooling is to be provfded with exhaust air directed to a chimney or diverted to HEPA
filter systems if radioactivity i$ ~etected. The building above the vault will be an enclosed
structure of standard construction.

●Standard construction is of structural steel meeting notmal industrial building codes for
structures not required to meet seismic or tornado-proof t-equireme”tsof radioactive containment.
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Fig. 3.7. Plot plan of the 200-Z area for saltcrete burial _ EIO, 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 Iocat i on 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 to 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
landfi11 area needed to bury the saltcrete monoliths is about 11 ha. Because of the long time
needed to dispose of the waste material and the ease of expansion of the landfil1, construction
of the initial landfill area will provide for disposal of about 40% of the salt waste available
at OWPF startup.

The evaporator and the saltcrete production equipment wi11 be housed in standard construction
enclosures for weather protection. The evaporator condensers, condensate CO1lection system,

storage tanks, and cement si10 wil1 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 wil1
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 wi11 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 wi11 permit incremental disposal of saltcrete and optimum
CO1Iection and removal of leachate. Each grid wi11 be encased in a 1.5-m-thick clay barrier of
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Table3,8.Comp8rlScmofprop.ntide-ntami.atdsaltualnh<ialsitis

of s.sltcrete.

Depth to Distance to
Potential

Mm% likely
water

L.xation W,?er,hed s.acea mde of transfer
,11.” table (km) of ,811 from s.,,,,

(m)

1 North of 18 Upper Three 0,7
s.,,,,

Rm, ine

Run, Creek

2 Southw$t of 18–21 Four Mile 7.1 Truck
C.reacror Creek

3 west of F-area 18-24 UPPer Three 4,4 Truck
Run, C,eek

4 Southea,r of 15–18 Pen s ranch 11.4 Truck

K -reactor

*%, Fig.3,9.

Source: EID, Wt. 8,

low permeability (10-7 cmlsec) on the bottom and sides. A collection sump 3.6 by 3.6 m and
0.3 m deep will be located in the middle of each grid. A O.3-m layer of porous material, along
with perforated piping, wi11 be installed on the surface of the bottom clay layer to provide for
leach.stedrainage. Risers (15 and 45 cm in diameter) will be installed between the SUmp a“d
grade for nmnitori”g and pumpout during operation of the landfi11, As each grid is fi1led, it
wi11 be covered with a 1.5-m layer of compacted clay and a 7.6-m layer of compacted backfil1.

3.1.3.3 Support facilities

The main process activities require support systems (buildings,
components) to carry out the function of the OWPF successfully,
currently defined are shown i“ Figs. 3.1!3and 3.7. The support
sumunarizedin Table 3.10.

facilities, and associated
Building and facility locations
systems and their functions are

3.1.4 Process/facility flexibility

Development of any major chemical facility is a dynamic operation in which various systems and ●
unit operations/processes are modified .s”dimproved. Development of the OWPF is no exception.
Najor process equipment and facility changes in the reference design may be incorporated to
improve process efficiency a“d Yed”ce capita} a“d operating costs witho”t a“y t.eductio”i“
safety requirements. Examples of process a“d facility changes that have evolved since the
reference proce~s was defined.fncl“de:

I
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Fig. 3.9. General location of the proposed site for the DWPF and alternative saltcrete
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1. dissolution of insoluble aluminum compounds in existing storage tanks to reduce faci1ity
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/faci1ity changes from the reference alternative are incorporated into
the description of the staged alternative in Sect. 3.3. Inclusion of changes in this manner
wi11 i1lustrate 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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Table3.9.DWPF buildingsad facilities
●

Earthau, k,.,e,ist,n? and tornad.a.re$i,tant ,trUC@Jr,,
c,nyon IP,mssing and local control faCililies)

Interim storage (vaults only)

Sand filer
F,” hms,

Stand,rd c.an, tr”ction ,truclu,s

Caoy.an (no.prccessi.g facilities)
canyon control room

Interim st.rqe (except st.ar~e vaults)

Canyon exhaust stink
Receiving and storage warehw$e and cold feed area (pertly inside, part(v Wt$idel

Mink-up and ,,,, ,hoP (.1,,” )

Administration and patrol

water system,
Regulated faciliw (chemical ,nd water treatment)

P.awerhw$e and utilities

steam g,nerati.n
Electrical supply and di$crib. ci.n

Water f~ili ties

Coal handling
Ash h~ndling

Sanitary and wastewater treatment
Campre,,ed ai,

Salt.rete f=ilities

3.1.5 Faci1ity construction

3.1.5.1 Construction schedule

The schedule for construction of OWPF 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 3.11.

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 personnel, as a function of years after construction begins.

3.1.5.3 Construction costs

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

~

Process facilities and equipment 1100
Tank farm 150
Canister interim storage 150
Saltcrete facility and disposal site 40
Power, general, and service facilities 160

Total 1600

3.1.5.4 Expected releases and discharges

Chemicals used in significant quantities O“ site during construction include soaps, detergents, o
paints, cleaning fluids, concrete admixtures, sweeping co~pounds, oils, and fuels such as propane,
gasohol, and diesel oil. The releases to the site environs of the solid materials such as waste
from oil-spill ‘lea”up, fire. exti”g”jsher discharge, and used sweeping compound, are limfted by

burying them at an existing permitted site. Used soap and detergents are discharged to the
construction sanitary system OP processed through a waste disposal system. No disposal is

required for those materials used consumptively, such as fuels.
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Fig. 3.10. Plot plan of the 200-S area for waste immobilization and interim storage of
Source: EIO, Sect. 3.vitrified waste. _

Sanitary wastes will be treated in a prefabricated treatment system and chemical toil~ts.

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 sludge drying beds. Ory 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.

9 3.1.5.5 Enerqy and resource requirements

Ouring construction, approximately 93 ha will be cleared, including about 40 ha of forested land
that will be pern!anentlychanged to industrial usage. The power transmission line will remove
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Table3,10.Functionsofsupportf~ilitis

Facili?y Function

Interarea Transfer pipe

lines Snd auxiliary

facilities

Mock..p building

Ffemivinq and stor39e ware.

ho.%, cold-feed facilities

Analytical laboratory and

resting facil ilies io

Canyon Building

Chemical and industrial waste

treatment facility

Water wells and treatment

facilities

%wage treatmentfacility

Powerhou% and a.x iliary

facilities

Ash disposal basin

Administrative building

%c. rity facilities

Will convey hiqh.level wasles

from SRP lank farms 10 the

DWPF, Will convey treated

sal%Sol.lion from the DWPF

to the 200.Z ,rea disposal

S,te. Will convey recycled

water from Z-area to che OWPF

and between F-area a.d H.~,.,

tank farms and the DWPF

Will Provide ,Pace and equip.

ment for mock-up, fife. t, and

dimensional checkout of canyon

eq. ipme.l for remole removal

and installation. MI( pro.

vide space for nonreg.lated

area shops

Will P!O”iW sPace and faeifitie,

for storage a“d inspection

of waste container cumDone.ts,

for receipt Of cold-feed

chemicals, and for preparalio”

of bulk q.a”titie$ of cold.

feed chemicals

Will provide analytical and

tesl(ng serv,ces to s.pporl

canyon operations

Will clarify andlor deco. rami.

nale vainwater runoff, ash

ba$i” overflow, a“d similar

water wastes as necessary to

meel applicable regulations

Will provide deep wells and

auxiliaries to meet all DwPF

water requirements for polable

and nonpotable water

Will provide biological and

chemical cleanup of sanitary

wasle to meet applicable

cegulatioos

Will provide control steam

9..e~ar,o. .apa.,lv to =rve
lhe DwPF

Wll provide settling a“d

clarification of the waterlash

slurry discharged from boiler

operations at rhe powerhouse

Will provide offices, auxiliary

secvices for administrative

a“d technical personnel, and

patrol headq.arle?s

Will provide gatehouse for

access Control, outside light.

i.g, and security fencing

Source: EID, Sect. 3
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Table 3.11. RelatNe wquenm 01 wim

canattuction tinties foe DWPF

APP,ox imat*
Activity d.ratiofl

[months)

General
M. biize field staff 6

Construct temPOrarv facilities 18

Provide project manawmentl
field off ice ,UPDO,C Co”ti””o.,

Establi* and maintain site
,ec”ritv Cnntin”o.,

Receive end store c.n$tr.ctia”
materials C..ti..s.s

Perform !nsPcti.n a“d testing C.”tinuo.s

Ste development
Clearing and grubbing 5

Excavate, till, and grade sit~ 15

install roads and rail facilities 10

Mai.r s$r.ct.res
Plain c.”crete f.mtings, tunnels,

and $lab# 17

Walls, ele.ated slabs, and roo~ 36

1“s1,11equipment 13

1.s1.11piping 60

Install electriml equipmentlwiriw 42

Install i.str. menration 36

Painting and insulation 24

‘Duration mriods Wpicallv overlaP.

bActivitv may h limited during rainy seas..,.

S.ur.e, EID, 3ect 4.

ES-5528A

I I I I I I I I
5000
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I

4000

n

J
MARCH 4980 — CONSTRUCTION
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--- TOTAL CONSTRUCTIW

87. SUPERVISORY

AND SUPPORT)

,) –– TOTAL CONSTRUCTION-

FoRCE ilNc LuOES

46,5 % SUPERVISORY

AND SUPPORT)

ESTIMATED OPERATIONS

{ 2 34 5 6 7 8 9

YEAR OF CONSTRUCTION

Fig. 3.11. Work fDrce required to build and operate the reference OMPF.
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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 know” to exist in the
area of facility construction.

An estimated 2.5 x 105 m3 of concrete and 36 x 103 t of structural steel and reinforcement bars
wi11 be irretrievably committed to construction. Fuel consumption for heavy machinery and
related engine-driven equipment is estimated to be 8.7 x 103 m3 of gasohol, 8.7 x 103 mx of
diesel fuel, 75 m3 of propane, and 190 m3 of Chem-o-lene.

3.1.6 Facility operation

3.1.6.1 Schedule

The anticipated start-up date of the OWPF is 1989. About 15 years of operation is expected to be
required to process the inventory of waste projected at start-up. The facility wi11 operate until
al1 high-level waste generated at SRP through 2002 has been immobi1ized (see Sect. 3.1.1.1).

3.1.6.2 Operatinq manpower

The operating force is expected to number about 700 workers for al1 OWPF activities to transfer
the wastes to the 200-S area. Process the wastes to produce canisters of inunobilized waste and
decontaminated salt solution, store the canisters, make saltcrete, and prepare and operate the
saltcrete disposal area. Figure 3.11 shows the operating mnpower required during the facility

run-in period and by year after startup.

3.1.6.3 Operatinq costs

The estimted maximum annual operating cost of the DUPF is $60 million in FY 1980 dollars. These
costs (in millions) are broken down as follows:

w
Oirect labor 21

Overhead 14

Glass canisters and major 10

equipment replacement

costs

Other materials and SUPP1 ies 15

Total 60

Lower costs wi11 prevai1 after the initial waste inventory has been processed. The total
operating cost for 26 years of operations is $1350 million dollars in FV 198o dollars.

3.1.6.4 Expected releases and dischargesll

Radioactive releases

Annual atmospheric releases of total radioactivity resulting from routine processing of 5- or 15-
year-old wastes at maximum expected operating capacity (50 Ltmin) are presented in Table 3.12.
Releases are from the OWPF 84-m stack, regulated facility vessel vent, and the saltcrete plant
vessel vent. Table 3.13 1ists the total annual atmospheric releases from SRP.

The only source of radioactive 1iquid release is the condensate from the OWPF general purpose
evaporator, which is discharged at a maximum flow rate of 73 L/reinduring normal operations.
Monitored condensate will be pumped to Four Mile Creek by pipeline. The estimated annual release
of radioactivity is listed in Table 3.12. The total annual 1iquid releases from sRP are presented
in Table 3.13.

The radioactive solid waste handling operations are to be closely coupled with the process func-
tions of the OWPF. Oesign of process equipment, cranes, hot and warm maintenance cells, and
decontamination facilities will pvovide the dual functions of process maintenance and waste-
management operations. Provisions will be made for shipping the largest process equipment (i.e.,
3.7 m x 3.7 m x 6 m spray calciner) a“d 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 atm.nph.rlc and liquid rti-tiviw re!eams (G} from DWPFa

Relearn point and
Radi.activiry <eleawd during normal operations

,“W of r,do,,tlvlt” 5.”ear aged wastes 15.”,,, Wed wastes

Sand.filter stack

Triti.m
Fi3si.n products

Uranium

Tr,n, uranic,
Regulated faciliw veswl vent

Tritium
Fission prcduct$

Uv8ni.m

Trans. ranics
Saltcrete plant vesse vent

Triti.m

Fission products

Uranium

Trans. r8nim
Uquid diwharw

Triti. m
Fission products

Uranium

Trons. ranics

2,8E1
1.1 E.1

3.4E.1O

2.4 E-5

4.0

2.2E.5

1.4E.13
1.9E.1O

7,7
4.6 E.5
3.0 E-13

3.9 E.1O

1.9 E3
5.1 E4

3.6 E.11
2.6 E.6

1.6E1

8,5 E-3

6.8E-10
1.9E.5

2.2

2.OE.7
2.8 E-13

2.3 E-10

4.4

4.3 E-7

6,0E13
4.7 E.1O

1.1 E3
3,1 E4
7.1 E.11

2.0 E.6

*Abstracted from lists of radio..clide releases in TDS, DPSTB77- 13.3, %.1. S

Table 3,13, Annual acnospbric end

liquid raditiviw r.letis

(Cil from SRP

Atm.soheric discharws
Triti.m 3.4E5
Fission Prcd.ctsa 3.4E–1

Uranium 2.4E4

Trans. va”ics 2.6E -3

GQuid d;xha,ges
Tritium 2.9E4
Fission prcd.cs 1.8E0

Uranium 6.4E –2

Tra.sura.ics 8.7 E-3

‘Does not i“cl.de noble 9.*s.

Sour=: TDS, DPSTD-~-39, Table 7.7.

Much of the job control waste wi11 be shipped by regulated truck because of its relatively low
level of radioactivety. The waste types and projected annual volumes are given in Table 3.14.

Nonradioactive releases

Nonradioactive 1iquid, gaseous, and solid wastes wil1 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-
ical dust collector, an electrostatic precipitator, and a sulfur dioxide scrubber. Tables 3.15
and 3.16 1ist estimated emissions from diesel generators and the coal-fired power plant,
respectively. Al1 emissions to the atmosphere wi11 be within emissions standards set by South
Carolina and EPA. Table 3.17 1ists the estimated drift releases from the DWPF cooling tower.

●
Liquid wastes include chemically contaminated wastewater and sanitary wastewater. Chemical1y
contaminated wastewater wi11 originate from ash basin effluent, cold-feed spi11s and wash down,
coal pile runoff, and chemical contamination of rainwater runoff. Table 3.18 1ists estimated
average flow rate5 from each source. Streams from these sources wi11 be collected, blended, and
treated in a chemical and industrial waste treatment faci1ity designed to accomdate a maximum
flow rate of 950 L/reinbefore discharge to the environment. OeSi9n objectives for the treatment
facility are sumarized in Table 3.19.
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Table3.14.AnnualDWPF rd!oatiivedid wut.3generation

wastetvQe
volume

(m> )

Normal Process

Combustible

Mont.ambustible
Job ,..,,.1
Mis.ellaneo. $

Rasin wds

Adsorkr co!.mn$

Stica gel

Ze.lite
Filter,

Deep bd w,,hable filte,

Sin,ered metal

600

150

150

14

0,1

1

0,5

2

Reolammentr.roces eq. ipme.t

Spray calciner 16

Glass melter 2

Cen,rif”ge 1

Pumps 0,6

Values 0,2

Jumw,, 0.7

vessel, 0.8
v,,,,} vent, 4

Table 3.15. Estimated emisxions from

OWPF dieel generator, w, Yeap

Emissions kglyear

Car&n monoxide tCOl 220

unburned hydrocarbons 80

Nizroge. oxides (N O,) 1000

SulfuI dioxide ISO, ) 65

Partic.lates 75

‘Based on estimated consumption of

18,W20 Llyear .f diesel fuel.
bEmi$siIJn fact.rc from facilities GerI.

era) Design. DOE Manu.1, ChaP. 6301,
P,,, II, O,R. (March 1977).

Source: EID, sect. 5.

Sanitary wastewater generated in al1 S-area buildings wi11 be dischargad to sanitary sewers that
te~inate in a secondary treatment and disposal system capable of handling 100 m3/d. The treated
effluent will be spray irrigated or veleased to Four Mile Creek, which currently receives about
230 m3/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 discharge via a tile field.

Nonradioactive solid wastes wi11 be typical of chemical and other nonnuclear industrial wastes
and wi11 be generated by OWpF support activities. An estimated 340 m3/year of untreated solid
waste composed of combustible a“d “o”combustible materials CO1lected from offices, lunchrooms,
restrooms, and “Onreg”lated “ti1ity a“d storage b“ildings is expected to be generated in the
OWPF. 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 CO1lectors, and
particulate from the electrostatic pvecipitatovs will be transported to the ash basin.
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Table 3.16. Emissions from

the DWPF coal-fired

power plant

“Coalconsumed
SO, produced
SO, emitted
Ash produced
Flyash emitted
NO. emitted

Vyear

46,000
1,150”
170b

2,900’
20’

360d

‘Based on sulfurcontent
of 2.5%
bAssumes 850/.removalof

SO, by scrubbers.
cAssumes ash Contentof

coalis6.3%of which 7~f0is
flyash and 9Y/o of the fly
ash is removed by el~tr~
staticprecipitators.
dEstimatedfrOman emis-

sion rateof approximately
280kg NO. /TJ ofheatinPut
assuming aheatingvalueof
28 MJlkg.

Source:EID,Sect.3.

Tabla 3.17. Estim.md drift releamfrom ti. DWPF.odiwtmera

water Tu,cal.msa . Estimated

qrou.dw,ter COncentr,?$on
q“aliw

Total released per year
quality’ in driff (kg)

parameter
(vom) IDpm)

Iron (Fe) 0,0–0.71 0.0–3,1 0–90

calcium (c,) 0.3–1 .4 1.2–5.6 36–1 10

Magnesium (Mg) 0,0-0.9 0.0–3,6 o–f !0

%dium and 0.9-6.7 3.6–26.8 110–800

potassium

(N.+ K)
Sulfate 0.5–4.8 2.0–19.2 60–570

(s0.I
Chloride 0.8–4,0 3,2–16,0 95-480

(cl)
Flou,ide 0.0–0.1 0,0–0.4 o-12

(F)
N;trate 0.0–8.8 0.0–35.2 0–1000

INO, )
0 iss.lved 14-28 56–112 ?700-3300

solids

‘Assumes no change imTu$@lOOse water q.alitY during use in Ihe cooling

system ., from .Onli”g water tre.tme.t.

‘Sour=: EID, %cI.2.

CA$ume, aco”centratio” factor of 4.
Swrce: EID, secL5.

Environmental monitoring17,18

Monitoring at the OWPF area will follow the same general program type as used for other production

e

areas on the SRP site. Ongoing onsite and offsite monitoring programs will continue during CO”-
Structlon and operation of the OWPF without a“y specific modification. Monitoring pt.ogramsSpe.
cffic to the DWPF area will evaluate gaseous, solid, and liquid releases. Effective quality assur.
ante practices will be used to assure the accuracy and validity of the environmental monitoring
programs.

TC
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Table3.18. S..rcn and flow rams of nonrulioaaib’e W..3OUS
,Qeams t. the tiemiml ad iti. swial wasm treatment f.ciliw

Flowrate
Source [Llminl

Ash bosin effluent
Cooling tower purge 190

Sodium cYcle rege.erant 11

6.iler blowdow” 13

Cold feed area
Chemical $Plll$ <1

Rainfall ru..ff 7

coal oile runoff 6

MockUP buildng effluent <1

Total =

SourceEID, ~ct 3.

TabIe3.19.Effluentdesign.W.ciivesfore. chemical
andi.dustrlalW* tieatwntfacili~

Totalsuspnd.dSOIids,rng/L 10
PH 6-9
Oilandgrea=,mq/L 10
Heavy mefal,, mglL

Ar$endc 0.5
Barium 10
Cadmium 0.10
Chromium 0,5
Lead 0,5
M*,cur” 0.02
Selenium 0.10
silver 0.50

3aurc,:EID,Sect.3.

Air and stack emissions. Thermoluminescent dosimeters (TLDs) to be located in each corner of S-
and Z-areas wi11 be read quarterly for radiation exposure data. Air samplers for collecting
particulate will be located at boundary locations in the S- and Z-area as wel1 as at each of
the atmospheric release points. Exhaust air from process facilities will be continuously moni-
tored and equipped with audible slams.

Groundwater. Sampling wel1s wil1 be located in the S-area near the processing areas a“d around
the ash disposal basin and in the Z-area in the vicinity of the saltcrete plant and the burial
area.

Soil. Soil samples will be routingly collected in the S- and Z-areas for gamma, 90Sr, 238Pu and
mu analysis.

Ve eta “on. Grasses near the Z-area burial ground and in the S-area will be sampled to evaluate
- of partjculates. The monthly samples will be checked for alpha activity, nonvolatile
beta activity, and specific riuclideanalyses.

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

Other 1iquid discharges frm the areas are rainwater and treated chemical and industrial wastes.
These wastes wil1 be monitored i“ accordance with EPA and SC permitting requirements before
release to Four Mile Creek.

3.1.6.5 Enerqy and resource requirements

DWPF operating energy and resource requirements include major chemicals, water, liquid fuel, and
coal. Table 3.20 lists the monthly consumption of major chemicals. Tables 3.21 and 3.22 list
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Taue3.20.Bulkchemiwl~nwmp~i.nrates

Concentration
Material

Cons. mptiona Shipment, P.C shipment

[%) {t/m.nthl (t)

N,OH 50 390 7 cars 58
HNO, 51 23 1 car 25

Glass frit 211 100 59 1 car 85
co, 100 14

Gment 100 m 1S0 Truck, 23

“Consumption rate is based on design waste Processing rate of 45 Llmin
S.mrCe EID, S,., 3,

TaUe 3.21, Invent.arf and COnsum9tien ram of odIer

chemicals and IIIwlim

Consumption ifv~n~~~y
Material (kg/month)’

(kg)

Hydroxyl.mi.e sulfate 2,600 5,400

Potassium mrmanq~nate 1,100 2,700

Oxalic acid 7,700 15,000

Manqanous nitrate 150 360

Starch 120 270

Ammonium carbonate’ b 13,000

Ammonium hydroxide (29%)b b 16,000

Polyelectr.al”re 0,3 5

Sodium ethylenetiaminetexraamt.te (39%1 4,2Ml 17,000

3adi.m fluoride 1,260 5,000

tiear papers, N.. 3,6W 15,Gi10

&nisters, No. 60 w

“Based on waste or.cessing ra?eof 45 L/rein.
bM.are than 99% .f all ammonia is expected to @ recovered and

reused: the inventory simply pr.viks for replacement if, for example, all

ammonia in the orocess is lost m cnntamin.ted.
SuJrce: EID. Sect. 3.

Table 3.22. lnventw ad consumption r- of .ther mtierials

Consumption Normal
{“”,”,0,”

(m’ivear) ,-,,

D.olit~ ARC 359 i.”.exchange resins 11 33
Amtirlit& IRC.718 lon.excha”~ resi”b 2,8 8.3
Zeolite 37 18
Coal, 20–30 mesh 1.0 0.8
Coal ~-50 mesh 0,4 0.3
Sand, 2545 mesh 2,8 2.1
Sand, 40–60 mesh 2.1 1.6
%Iver mordenite 1,1 4.8
Slimwl, 6–12 mesh c c

‘Diamond shamrock Chemical c..

b Rohm and H,,, Co.
CRequimrnents not wall defined, silica gel expected to last several

veers.
SWrm: E(D, set.e.
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other chemical and material requirements. The amounts at-enominal and the materials are ordinary
and available.

●
Table 3.23 1ists the OWPF average groundwater consumption rate, which is about

20% of the current SRP use (SeCt. F.4). The total liquid fuel consumption at the DWPF will equal
about 18,000 L/year Of diesel fuel for testi ng the emergency generators. The coal-fired steam
plant at OWPF WI1l consume about 43 x 103 t of coal per year. The OWPF will “se approximately

150 GWh of electrical ene’rgy each year.

Table 3,23. DWPF avuase wawr C.tn.mption

S“stem
C.nsumpri.n

lL/mini

Domestic water

Drinking, sanffary, safety showe,s
Service water

@oiler makeup

Sd\um cvcle so$tenei regeneration

S0, scrubter system
Processcold chemical make.o

Laboratory sink and drain flushe$
Equipment flushes, etc.

Cooling tower

Evaoor,tion
Orift

P“ rge

Tola\

49

180
11

190

42

4

130

1700
67

190

2550

hrw. EID, Sect. 1,

3.1.7 Transportation of solidified hiqh-level waste in
canisters to a Federal repositor~

Periodical1y, canisters containing immobilized HLW wi11 be transferred from an interim storage
faci1ity at SUP to a Federal repository for disposal The SRP is wel1 serviced by good railroad
and highway networks. These networks from the OWPF to points about 150 km distant are described
below. 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,BO0-km shipping distance was assumed in the EIS). Information on transportation
technology, regulatory requirements, and risks are presented in Appendix O.

Casks containing waste canisters may be transported to a Federal repository by either rail or
highway carriers. Conceptual 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 a“d 3.13), a route that eventually leads to Florence, South Carolina.
SRP operates its OW” on-plant.railroad, which services its in-house needs. OWPF will be so
serviced. Interchange to the Seaboard Coastline Railroad is accomplished in the SRP Classifica-
tion Yard located near....hesoutheast corner of the plant (Fig, 3.12). A number of rail cars can
be held or stored i“ tl,<Classification Yard,

3.1.7.2 Highway network

SRP primary roads are paved and WS.11maintained. The OWPF wil1 be served by such a road.
External roads providing access to the plant are South Carolj”a 1z5, South Carolina 19, South
Carolina 781, South Carolina 64, and U.S. z78 (Fig. 3.14), These roads connect with interstate
highways at Augusta, Georgia; a“d Columbia, Aiken, and Ora”geburg, South Carolina; and other
points.
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6%5529~

3.1.8

~%

(OPEN TO THROUGH TRAFFICI
SC-125

SRP.ROAD 1
[OPEN TO THROUGH TRAFFICI

/ ‘R:::ED

c1

Fig. 3.12. Transportation networks on SRP.

Decontamination and decomnissioning

The DWPF v!i11 be designed to facilitate decontamination for futUre deconnnissionin9in ac~ordance
with DOE facilities General Design Criteria. Although an overal1 site plan for decontaminating
and decommissioning (D&O) of all faci1ities at the SRP has nOt been developed, the DWpF itself
wi11 be another faci1ity that wi11 presumably be subJect ultimately to D&D. However, it will not
be a large factor in the overall total. Because the waste tank farms wi11 be included in the SRP
o&D, early installation of a OWPF wi11 faci1itate total OhD by reducing the total number of tanks
to be decomi ssioned. Overal1, only by having a OWPF in oPeration can the ultimate objectives of
D&O be achieved, since it is needed for disposal of the SRP high-level radioactive wastes. The
development of the SRP decontamination and decommissionin9 Plan, which wil1 include the DWPF and
the waste tanks, wi11 go through environmental and public review before adoption; the decon-
tamination and decowi ssioning option includes, but is not 1imited to, decontamination and
dismantlement for return of the land to the public and decontamination and entombment with access
control. O&O activi ties have been carried out safely for other nuclear faci 1 i ties. 19-22 Poten-
tial effects of D&D for the DWPF and waste tanks are described in DOEIEIS-0023.23

● 3.2 DELAY OF REFERENCE IMMOBILIZATION ALTERNATIVE

The authorization, construction, and startup of facilities fOr imobi 1izin9 the high-level wastes
at SRP could be delayed until such time as a Federal rePosito?Y would be available to receive the
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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, is part of the Southern Railroad System and operates as
a subsidiary.] Source: Rand McNally, “Handy Railroad Maps (By State),“ 1980 edition.

canisters of solidified waste. The delayed DWPF assumes that processing of wastes wil1 begin in
1999. a delay of 10 years. It is assumed that a Federal repository would then be available to
receive the inunobi1ized waste so that no mope than 90 days of interim stOr.sge would be required
and that a decision o“ the waste form would have bee” made for the DWpF. Gor conservatism the
reference inrnobilization 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 a“d saltcake, which would be stored in tanks. Because
immobi1ization of these wastes is delayed, the quantity of 1iq”jd wastes requiring storage
increases over the reference case. This increase requires the constr”ctio” of additional waste
StOra9e tanks. Storage requirements for canisters are reduced because once waste imobil ization
begins, z,repository that ca” receive canisters is assumed to be available.

Immobi1ization of the high-level ~a~te has al~eady b~~n defe~red fOr ~ome 25 yeaps at Sava””ah
River. Although there have been no failures or releases, the longer the delay, the greater is
the risk of leaks and spills. Obviously, it ca” be delayed for a few more years if necessary;
however, the te~hn~l~gy is “OW fully avajlablp tO ppO~eed ~ith the DwpF, either jn a reference Or
staged version, A lo-year delay i“ immobiljzatjo” of the SRp ~a~te~ ~a” result i“ 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
fotms, 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 imnobi1ized 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 radioactivity of the waste is a minor consideration because the DWPF
will be processing aged wastes in the existing inventory for at least the first half of its
1ifefime. After this time, the wastes being processed wi11 have had sufficient time to decay to
activity levels appropriate for processing.

The benefits of delay are offset by some important disadvantages. Untreated waste is more easily
dispersible than the inmwbilized waste. It thus presents greater hazards and requires constant
close surveillance not only as a normal procedure but also to protect against unforeseen events
such as sabotage and natural catastrophes. Delay of the DWPF will require construction of new
waste tanks throughout the delay period (about one each year at a cost of about $lD 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.

3.2.1 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 liquid wastes and the required
number of tanks increase as described below.
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3.2.1.1 Descriptionsof wastes

The total volume of high-level radioactive waste stored in tanks by 1999 is expected to be about
114 x 103 m3, consisting of 76 x 103 ms of saltcake, 19 x 103 m3 of sludge, and 19 x 103 m3 of
supernatant. These figures can be compared with 62 x 103, 15 x 103, and 24 x 103 m3 of saltcake,
sludge, and supernatant, respectively, in the reference case.

The number 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 Immobilization begins in 1999.

3.2.1.2 Removal of wastes from storage tanks

The operations described in Sect. 3.1.1.2 aPPIY 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 Ru106 decay) from the 38 tanks expected to be in service will require about
2S0 x 103 m3 of water to slurry the sludge and dissolve 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 storaqe

The interim storage building will be of the same general type of construction but will be
designed to store only 125 canisters of solidified waste (90 days’ production) compared with
6500 canisters for the reference case.zb

3.2.2 Facility description

All 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 alternative 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 additional waste storage tanks will need to be constructed at an estimated cost of
$10 x 106 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 STAGEO PROCESS ALTERNATIVE (PREFERREO ALTERNATIVE)

The pt.ocessingof the high-level wastes at SRP could comnence in 1989 in stages in order to
reduce the initial and total capital investment compared with that of the reference imnobiliza-

J-25tion alternative. The saving in the initial capital investment is due to staging; the saving in
the total capital investment is d“e to improvements resulting from an ongoing R&O program.

The first stage, Stage 1, will provide an immobilization facility to incorporate the insoluble
sludge portion of the wastes, which contain most of the vadionuclides, into a boros~licate glass
that will be sealed in canisters a“d stored onsite until shipped to a Federal repository.

The second stage, Stage 2, will provide a facility to decontaminate waste salt Solutions and
transfer recovered radio”uclides [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 a“ 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 a“.d will contjn”e 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 3tartup is referred
e

to as an uncoupled ope?atio”, whereas operation of the total facility is coupled operation.

I
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●
The ~ta ~d ~roceSS incorporates the following major changes from the reference imnobiliZatiOn alter- ~.25

?native see Sect. 3.1.4), which reflect improvaents resulting frm the ongoing R&D program:

1, Sludge feed to vitrification wi11 have the aluminum compounds dissolved and wi11 be washed
using hydraulic mixing and gravity settling in 4.9 x 103 m3 tanks in the 200-Area liquid
radioactive 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 also provides greater process flexibility by decoupling sludge 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
liquid-fed continuous melter. This change decreases the required building height and should
increase operational reliability.

3. The dual ejector-venturi scrubbers (contact condensers) and deep-bed washable fi1ters 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 1iquid fed melter off-
gas flow rate is lower than that of the original OWPF 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 closure and closure rework faci1ities 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 facilities for
shipping the canisters offsite.

5. The HF-HN03 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 innnobilizing SRP waste.

3.3.1 Process description

High-level wastes stored in tanks at SRP as insoluble, highly radioactive 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 (1iquid). wi11 be decontaminated and processed into saltcrete
~onolith~ for burial O“ the SRP si te. The cesium, strOnti UM, and plutoni Um recovered during.

decontamination of the salt solution wi 11 be incorporated into the borosi1icate 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 radioactive release to the environment.

3.3.1,1 Removal of wastes from storaqe tanks

In 1988, 27 waste storage tanks (including emer9encY sPares and evaporator feed tanks) are
expected to be in service. These tanks will contain an estimated 60 x 103 m3 of damp saltcake,
15 x 103 m3 of settled sludge, and 30 x 103 m3 of suPernatant liquid. It is expected that abou<
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 m3 of waste to be processed.

The settled sludge wi11 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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Fig. 3.15. Defense waste processing - staged alternative stage 1 operation (coupled).

about 75% by converting them to a soluble fore, 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 mnagement program in transferring waste from existing older tanks
to new tanks. Incorporation of these types of improvements to the ongoing interim waste manage-
ment operations is discussed in ERDA-1537, Final Environ.nmtal Impact Statement – Waste Magement
Operations, Savan& RiueF Plant, and discussed in more detai1 in DOE/EIS-0062, FiMl Envir.omentil
Imps.t Statement (supplement to ERDA-1537, Sept. 1977), Waste Manageme~t Operations, Savannah
Riuev P2ant; 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 wi11 be concentrated in the tank farm evaporators and
added to the existing inventory of saltcake for eventual processing in Stage 2 faci1ities. The
washed sludge-slurry, containing a maximum of 2 wt % salt (dry basis), will be pumped at a design
rate of 3.2 L/reinto the Stage 1 facility for innnobilization.

The radionuclide activities,of sludge.sl“rry feed from wastes aged S and 15 years* are about 49
and 18 Ci/L, respectively. The sludge slu?ry will contain about 19% solids.

u
At startup of the Stage 2 supernatant processing faci1ities, projected to be in 1991, the Stage I
imobi 1ization faci1ity wi11 have been i“ operation about three years. The waste inventory that
is estimated to be on hand is 11 x 103 m3 of sludge, 62 x 103 ms of salt, and 27 x 103 m3 of
liquid.

*

●Specific design criteria for processes leading up to and including waste immmbilization
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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Fig. 3.16. Defense waste processing – staged alternative stage 2 operation (coupled),

Mater 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 wil 1 enter through spray nozzles near
each.tank,top to promote top and wall cleaning as layers of salt are removed. Effi~je”t dj~.

solvlng WI1l be promoted by the use of circulating pumps for liquid agitation. In Stage 2
processing, the supernatant from the tank farm wil1 be clarified by the addition of polyelectro-
1yte and sand fi1tration.

The collected solids 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 wi11 be 48 L/rein. The total quantity of super”atant feed through zooz is
estimated to be 35o x 103 ms.

The salt/supernatant contains primar~ly sodium nitrate, nitrite, and hydroxide and has an avet.age
density of 7.23 kg/L. The total radlonucllde actlvltles 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 OWPF,are the same as for the reference innnobi1izatjo” alternative,
that Is, they are canisters of Imobll Tzed high-level waste and concrete monoliths incorporating
slightly radioactive salt.
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m
The im!nobilizationof washed sludge will 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 Processin9 before the start-up of Stage 2 will not contain cesium-loaded zeolite or any
waste associated with Stage 2 facility operations, the glass will contain about 20% more sludge
than the reference process. k 5umnary process-flow diagram is shown in Fig, 3.15. The washed
sludge-slurry will be transferred to the slurry receipt tank that feeds the slurry mix evapora-
tor, to which is also added a slurry of new glass frit and spent frit/water from the mechanical
decontamination cel1. The composite S1urry will be concentrated to 40 wt % solids, after which
it wi11 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 sta:nless steel canisters (Ftg. 3.3). As in the reference design, the borosi1i-
cate glass wil1 Contain about 28 weight percent waste oxides. The characteristics of waste in a
single container are estimated to be:

Stage l[Stage 2
- COUP1ed

Total activity 134,000 Ci 149,000 Ci

Heat generation 416 W 423 W

Actual content, at least 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 wi11 be moved to the mechanical area, plugged and welded closed. The welded 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.

w
The decontamination and immobilization of the supernatant will produce about 800 monoliths of
saltcrete, ea’h about 6 x 6 x 15 m. About 530 m3 of saltcrete wil1 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/rein. In the facility (Fig. 3.16), the
trace suspended solids will be removed from the salt solution by sand filtration through two
filters in series. Following filtration, the supernatant will be processed sequential1y through
two stages of ion exchange, first to remove cesium and trace amounts of plutonium, and then to
remove strontium. The recovered cesi”m, plutonium, a“d strontium will be eluted from the loaded
ion-exchange columns, concentrated by evaporation,.and transferred to the innnobilizationfacility
The decontaminated but S1ightly radioactive salt solution wil1 be incorporated into a concrete
matrix and placed in a“ intermediate-depth burial ground. The design rate of salt production
will be about 1200 kg/h (as salt in saltcrete). The radioisotopic content of the saltcrete is
similar to that described for the reference immobilization alternative. Table 3.24 9iVeS the
radioisotopic composition of the saltcrete from coupled operations.

The decontaminated salt solution from the hold tanks wil1 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, seal.welded, decontaminated canisters, each containing 625 L of glass will be
moved on a shielded vehicle fvom the mechanical cell to the interim storage building. The
discussion for the reference process i“ Sect. 3.1.1.6 describes one method of transfer.

The interim storage b“ildi”g will receive a“d store ca”ister~ i“ a shielded, air-cooled environ-
ment, The building capacity will be for two years of p~oduction (1026 canisters), but provisions
will be made for later expansion, depending upon availability of a Federal repository. ●



Isotope
Cone.tration COnmntrati.n

(nci/’31
Isotope

(nalg)

2.1 E+l”

<>,9E–4

<5E–1

<1.9E–2

6.3E–2

1,6E–7

2,4E–14

3.OE–1

3.OE–1

4.4E–13

1.6E–2

<3,0E–7

<SE–1

<5E–1

2.8E–11

7 .9E+1

2.6E–12

1,4E+1

2.6E–12

1,4E+1

4.3E–3

<5E– 1

1,1 E–14

2 .8E–3

5.9E–7

1.4E–3

1,6E–13

6.OEO

1.9E4

1.4E–3

7.3E0

2.OE–6

2.oE–6

5.OE–17

7.8E–17

6.7E–2

<SE–1

5.7E–5

1.5E+1

1.4E+1

8. OE–17

8.5E- 7

<5E–1

<5E– 1

<5E –1

4.3E.11

1.6E0

1.6E–16

2.2E–15

2.2E–7

5.OE–13

1.6E–13

2,0E+1

2.oE–2

<5 E-1

1,OEO

2,5E–12

7.1 E–17

8.6E–8

l,OE–3

9.1 E–12

6.1 E–5

8.9E–9

3.3E–4

4.8E–7

1.OE–5

2.6E–6

1.6E–10

8.0E–5

3.2E–7

4,0E–2

4.1 E–4

2.6E4

3,0E–2

3.5E–7

1.9E–I

1,2E–4

1.2E4

5,2E–5

1.OEA

3,9E–5

1.OE–3

6.0E–6

4.8E–9

5.9E–15

6.1 E–15

aValues 1,,, lhan 10– 2° nCi/g are not included.

*2.1 x 101.

Saurce: TDS, DPSTD 80-39, Tabla 3.14, except ‘9 Ni, ” Ni, * Nb
which are from unpublished data.
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The cost of expansion in two-year increments will be about $32 million (1980 dollars) each, or ao ●
additional $160 million to be equivalent to the reference innnobilization alternative (65oo
canisters). The construction activities for the five additional increments would be spread
over a much longer period than if the total facility were built initially, as in the reference
alternative.

3.3.1.4 Effluent control and processin$

Liquid wastes. Ouring uncoupled operation 1iquid wastes wi11 be returned to H-area and processed
through the tank-farm evaporators. Overheads wi11 be released to existing seepage ba~in~ after
monitoring to verify compliance with existing release guidelines. The concentrated waste wi11 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 wi11 be transferred to
the general purpose evaporator that is constructed as part of the Stage 2 facility.

Gaseous wastes. The discussion ii Sect. 3.1.1.8 for the reference pvocess is applicable except
that the off-gas is from the 1iquid-fed melter instead of from the spray calciner/melters
(Fig. 3.5).

w
Liquid wastes. The discussion in Sect. 3.1.1.8 for the reference process is applicable except
that recycle evaporation will be conducted in an existing tank fam evaporator instead of a new
recycle evaporator,

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

3.3.2 Site selection

The proposed sites for the reference immobilization faci1ity, the saltcrete faci1ity and the
burial area (S- and Z-areas) (Sect. 3.1.2) are also applicable to the Stage 1 and 2 facilities.

The Stage 1 facility wi11 require about 37 ha (92 acres) of cleared land, including 16 ha for
temporary construction faci1ities outside the 19 ha of fenced land. The site wi11 ultimately
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 location of the S-area,
Figure,3,17 ~s the S-area plot plan showing the stage 1 fa~jlity 10~atiOn~, The $tage 2
Operations WI11 be located adJace”t to the Stage 1 operatiO”* as de~~pibed abOve, Fig”re, ~,lfj
1s the S-area plot plan showing the Stage 2 facility locations. Criteria for the eval”atio” 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 alternative sites is presented in Table 3.7.

The saltcrete 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
burial 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

New facilities in the waste-tank farm wil1 not be required for Stage 1 operations. Waste-tank
farm functions associated with the i~obilization plant ~i]l be to (1) sl”pry and remove ~l”dqe
from waste tanks a“d (2) store a“d evaporate waste solution from the immobilization plant. Tank
farm evaporator overheads wi11 be disposed of through existing systems having normal discharge to
the seepage basin d“ri“g ““ncoupled,’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
wi11 transport sludge feed a“d recycle waste between the S-area and the H-area tank farm.
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Fig. 3.17. OWPF Stage 1, 200-S area.
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● The main processing building will house the glass melter and all associated S.quipmentrequired to
vitrify washed sludge. The rectangular building 99 m long by 40 m wide will house the pPOceSS
Cel1, which includes a segregated mechanical cel1 within the process cel1 for canister seali“g
and decontamination. The building wi11 also house process coolirig-watersystems, process equip-
ment decontamination faci1ities, a local control room for emergency operations, health protection
faci 1 i ties, and supporting electrical, instrument, and maintenance shops, Pro’ess areas wi 11 be
Of earthquake- and tornado- ~esista”t constp”ctjo”. Areas, such as shops, railroad tunnels, etc.,
will be located i“ contiguous standard constvuctio” facilities. process equipment will be in
remotely operated cel1s, and maintenance wi 11 be performed remotely, except in certain locations
where contact maintenance wi11 be petmitted. Clean area faci1ities, 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 venti Iation wi11 maintain proper
air flow between zones, a“d exhaust air from specified operating areas wi11 be routed through
HEPA filters. All air from the process cell will go through a sand filter before release to the
atmosphere.

The sand-fi1ter and fan house wi11 be earthquake- a“d top”ado.resistant, The 43-m ~ta~k ~j11 be
Of standard co”structio”.

Other buildings in the S-area will include the administration building, warehouse, and interim
storage building. There wi11 be no laboratory facilities in the S-area during “uncoupled”
operations.

The interim storage bu~ldi”g wil1 i“cl”de a vault are? to pecefVe a“d ~tope ~a”f ~ter~ of immo-

bilized glass waste, w1ll provide for natural convectlo” air Cooling of the ~tOred ~a”i~ter~,
emergency filtration of ventilation exhaust air, and biological shielding for personnel The
storage vault, the exhaust air chimney, the supply air plenum and the emergency exhaust filtra-
tion s stem (including instrumentation, electrical power, and the diversion and air ducting

Ysystem , and the canister support racklstorage system will be earthquake- and tornado-resistant.
The electrical control room, maintenance shop, service room, office, and change rooms wi11 be of
standard construction. The initial building vault area will be designed to store two years’
production capacity (1026 canisters), and provisions wil1 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 ~efepence pro’es~ interim
StOrage building described in Sect. 3.1.3,1, which has a capacity of 65OO 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-old sludge alone or five-year-old sludge plus 15-year-old supevnata”t. Exposures wj11 be
limited to 0.5 millirem/h in continuously occupied areas a“d to 5 millirem/h in intermittently
(1ess than 10%) occupied areas.

Steam will be available to the S-area via pipeline from the F- a“d H-areas. New facilities ~jll
be required to provide electricity, water, compressed air, refrigeration, and sewage treatment.
Electrical power wi11 be provided by constructing necessapy 1ines and substations connecting to
the existing SRP electrical system. A separate, redundant source of wel1 water wi11 be provided
for the area. A cooling tower that has a recirculating water system will provide coo?ing for the
process itself, air compressors, refrigeration equipment, and other nonprocess equipment. A
central refrigeration facility wil1 provide chi1led water. Equipment mock-up for replacement
process equipment during normal operations wi11 be in an existing F-area mock-up faci1ity.
Regulated, as well as clean, maintenance shops and electrical and instrument shops will be
provided. A master/slave manipulator repair shop a“d a pegulated cpane-repafr cell will al~O”be
provided.

w
New facilities in the waste-tank farm will “ot be req”ii-edfor Sta e 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 1ines equipped with ventilated pump pits and diversion boxes
wi11 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 supernata”t pro-
cessing to the waste farm. The spare interarea transfer line provided for OWPF Stage 1 will
SuffiCe as a spare fOr Stage 2 whenever the underground transfer routes permit con!monuse of the

spare 1inc. Underground 1lnes between S- and z-area wi11 provide for transfer of decontaminated
salt solution to Z-area and return of salt evaporator overhead~, A spare line ~jll also be
needed between the S- and Z-areas.
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The main Stage 2,pr0c:ssing building (canyon) will house the ~upernatant processing equipment.
The canyon bulldlng WII1 be 206 II.long by 20 m wide by 30 m high and will also house the process
cooling-water and steam systems and supporting facilities such as maintenance shops, electrical
and I nstrument shops, health protection offices, etc. The canyon buiIding wi11 be of earthquake-
and tornado-resistant construction. process equipment will be remotely operated and maj”taj”ed
except fOr Certain areas where contact maintenance wi11 be permitted. Design of ~qujpme”t ~i11
facilitate decontamination. Clean areas, such as control rooms, change facilities, cold-feed,
heating and Ventilat.i Ori equipment rooms, electrical substations, etc. , will be maintained at ~i~
pressures higher than the pressure of the regulated areas and canyons. In addition, auxiliarY

canyon faci 1 i ties wi 11 be provided for crane maintenance and for in-canyon storage ~PeaS 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 nor~lly occupied areas and to
5 mi11irem/h where personnel exposure is only intermittent.

Zone-controlled ventilation from personnel areas will exhaust through a single-stage HEPA
fi1tration system. The processing area exhaust wi11 be through an earthquake- and tornado-
resistant Stage 2 sand filter and fan house. The Stage 2 (43-m) stack will be of standard
construction.

Other facilities in S-area required for Stage 2 will be an expansion of the Stage 1 admjnj~tra.
tion building to house the additional personnel, an additional warehouse for cold-feed make-up
and control or expansion of the Stage 1 warehouse, a control building of standard construction
contiguous to or adjacent to 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 a 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 faci1ities
will be located in a standard construction building.

Uti1ity 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 wi11 need to be expanded. The
central refrigeration system wi11 need to be expanded. A new electrical s“bstatio” will be
required to supply the Stage 2 load. Compressed air supply wi11 use smal1 compressors located
throughout the site. Sanitary wastes wi11 be processed by new equipment. Because of the
geographical 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 canyon equipment repair shops, and master/slave manipulator repair shops will be provided in
the canyon building.

The Z-area wi11 have two smll equipwnt repair shops, one clean and one regulated for direct
hands-on maintenance of equipment. These shops wil1 be shared by electricity and instrument
personnel.

3.3.4 Facility construction

3.3.4.1 Construction schedule

The Stage 1 facility co”str”ction will begin in October 1’382 with completion in 1988. Constric-
tion of the Stage Z facilities will start in October 1985 with completion in 1991.

3.3.4.2 Construction manpower

construction ma”powep for the staged clWpFiS e~peCted tO peak at ~bOut 3000 d“pj”g the third
quarter of 1987 (Fig. 3.19). This figure presents the construction
construction staff, including supervisory and support personnel, as
construction begins.

3.3.4.3 Construction costs

Preliminary construction cost estimates for the stage 1 a“d Stage 2
millions of dollap~ (Fy-lg80), ~Pe:

labor force aid total
a function of years after

faci1ities, expressed in
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Fig. 3.19. Work force required to build and operate the staged al ternat,ive DWIpF.

w -
Process facilities 380 475
Tank-farm facilities 38 55
Interim glass storage 32
Saltcrete facility 40
Power, general, and service ~ ~

Total 520 700

3.3.4.4 Energy and resource req”ipeme”ts

The estimated energy and resour’e requirements for construction are:

Concrete, m3 61,000 92,000
Steel (structural and rebar), t 9,100 13,600
Gasohol, L 1,500,000 2,300,000
Diesel fuel, L 1,500,000 2,300,000
Propane, L 12,100 18,200

~

855
93
32
40

~

1220

~

153,000
22,700

3,800,000
3,800,000

30,300

3.3.5 Facility operation

w

The facilities are designed to Vitrify sludge at an instantaneous production rate of 3,2 L/mi” or
104 kgfh of borosilicate glass. This rate will result in about 500 canisters of glass per year.

-

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

3.3.5.1 Schedule

M

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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-

cold chemical testi, ng i,s assumed to be completed with
1991. Stage 2 faCllltleS will require about 28 years

3.3.5.2 Operating manpower

w

●
hot startup of the Stage 2 faci1ities in
to Process the salt and supernatant.

The S-area work force during the operation of Stage 1 facilities wi11 total 24o persons. Staffing
is expected to begin about one year before ful1 production to provide training and a run-in
period for equipment.

w

Operations of the Stage 2 facilities wi11 require 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 Sta9e 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 millian (FY-80 dollars; 6 months of cold chemical testing and about
30 years of hot operations).

The’annual average operating cost of the Stage 2 facility is projected as $23 million (FY-80
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 faci1ity is estimated at $500 mi11ion (FY-80 dollars;
6 months of cold chemical testing and about 28 years of hot operations). These costs include
about $55 million for three years of continued operation of the Stage 1 facility at a reduced
rate to imbi lize 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 categorized as
follows:

w w ~

Oirect labor 9 9 18
Overhead 5 5 10
Canisters and major equipment 9 1 10
Other materials and supplies < & Q

Total annual operating costs 28 23 51

3.3.5.4 Expected releases and discharges

Stage 1 (uncoupled)

The annual atmospheric releases of radioactivety from routine processing 5-year-old sludge at
full operating capacity at’epresented i“ Table 3.25.

Table 3,25. Annual atm.*pheric
radimctive r.leams (Ci)-Staw 1 oPer8ti.m

Isotopic group DWF

Triti.m 4.3E-lb

Fission products 1,1 E–2

Uranium 2.1E4

Tr,n, uranic, 1.5E+

‘Read as 4.3 X 10– ‘.
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a The only source of radioactive 1iquid releases is the condensate from the evaporator in the
waste-tank farm, which is discharged at a maximum flow rate of 11 L/reinduring normal operations
Table 3.26 presents the annual aqueous release from Stage 1 OpePatiOflSto existing seepage
basins as discussed in Sect. 3.3.1.6.

Table 3,26. Estimated annaal aq.w.s

rel.aMI (C!) I. the environment
ffmn sum 1 ODeratio.

Triti.m 3.1 E+l=
Fission products 4.6E0

uranium 9.4E–7

Transuranics 6.7E–2

‘Read as 3.1 X 101.

Nonradioactive 1iquid, gaseous, and solid wastes wi11 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 wi17 be less than those shown in Table 3.15 for the reference innnobi1ization
alternative. Al1 emissions to the atmosphere wi11 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.

Nonradioactive 1iquid wastes include chemicallY contaminated wastewater and sanitary wastewater.
ChemicallY contaminated wastewater wi11 originate from cold-feed spi11s and wash down, chemical
contamination of rainwater runoff, and coolirig-towerpurge solutions. The estimated average flow
rates from each source are 1isted in Table 3.27. Streams from these Sources wi11 be CO1lected,
blended, and treated In a chemical and Industrial waste treatment faclllty. Design objectives
for the treatment faci1ity are summarized in Table 3.19 for the reference immobi1ization alterna-

.

tive. Sanitary “wastetreatment faciIities in the S-area wi11 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. S0..-s and e$timated .Veraw *1.w rates of
r,..radl.a.mive aqueous streams

Flow rate

source lL/min)

stage 1 stage 2

cooling-tower purge w 70
Rainfall runoff <0.04 <0.04

Chemical spills and Washdown 0.3 0.3

%urc,: EID,

Stages 1 and 2 (coupled operation)

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

The radioactive liquid releases w:11 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 Table 3.28.

The nonradioactive 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 wi11 require the coal-fired power-
house and its associated combustion products, dust collector, electrostatic precipitator, sulfur.
dioxide scrubber, and contaminated water from the ash basin and coal pile runoff.
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Table 3.28. Annual atmmph,ic and liauid
rOdioOcti.iW releaws (C;) from

combined St,@ 1 and Stas 2

●

stag, 1 and slag, 2

,and.filter stack,
Trit!.m

Fi,,ion Prod”cf,
uranium

Tr.n%.ranics
Regulated facility .es%l vent

,H
FP

u

TRU

Saltcrete W,nt u=sel vent

3H
FP

u
TRU

tiquid discharge,

3H
FP

u
TR U

5.4 Eo”
1.3E–2

1.6 E-9
l.l E-4

2.4E0
1.9 E-7

2.6E-13
1.7E-10

2.3E0

2.5E -7

3,4E-13

2.3E-10

8.5E2
4.6 E-5

8.5E-14

5,6E-11

aRead as5.4 X 10°,

Sanitary waste treatment facilities wi11 be provided as for Stage 1. The Z-area waste wil1 be
sewered to a septic tank for treatment and discharge via a tile field.

3.3.5.5 Energy and resource requirements

The Stage 1 immobilization fa.ci1ity e!ergy and resource requtrements include mjor chemicals,
water, liquid fuel, steam, and electrical power. The vitrification will require borosilicate
glass frit. The mercury scrubber and recovery operations wi11 require 50% NaOH and 3M HN03
solutions, and the mechanical cel1 wil1 require frit for decontamination of the canisters.
Table 3.29 1ists the a“”ual quantities of major chemicals expected to be consumed by the Stage 1
facilities.

T*I. 3,29, Chemi.al mumptiom A invmtew fot Sme 1
.

Material
Ccmcentration Consumption

Inv.?”t.w
{%) rate

Sodium hyd,oxi& m 2.4E3 kglm.ncha

N itrlc 8cid

4.7E3 kg

51 3.7 E3 kglmonth 7.4E3 kg

Glass frit Im 5.9E4 kglmonth 2.4E5 kg

H“drOXV1ami”e sulfate 100 6.4E2 @/wench 2.3E3 kg

P.at*ium perman~nate 100 2.7E2 kglmon%h 1.4E3 kg

Silver mordenlte Im 9.oE 1 L/month 4.8E3 L

aRead 2.4 X 70,.

=

The Stage z super”atant processing faci1ity energy and resource requirements include major
chemical, ion exchange resins, zeolite, coal and sand for filters, and cement. Table 3.30 ●
presents the annual quantities required a“d warehouse i“ventovy of the major supplies expected to
be consumed by the Stage 2 facilities.
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T&e 3.2D. Chemical cotu.mpri.n d invmt.w ILWStaW32

Matevial
C.mentration Consumption

Sodium h“d,oxide
Nitric acid
Carbm dioxide

Qment
Hyd(oxylatnine sulfate
P.atasium pennanganate

3ndi.m EDTA
P.l”electr.! it,

Ammonium -rtonate

Ammonium hydroxide
D.ollte ARC-359 rain

Am brlite lRC.718 resin

Zeolite

Cnal, 20–30 mesh

Coal, 3040 mesh

~nd, 2545 mesh

3and, 40–60 mesh

(%)

w
51

Icm

39

29

‘Read 1.5X I@.

rate

1.5E5 kglm.nth”

1,4E4 kglmonth
1.5E4 kgltnonth

3.2E6 kqlmonth
1.3E3 kgimonth

8.2E2 kglmonth

3.9E3 kg/momth

3.2 E-1 kglmonth

l.l E1 m’l”ear

2.8E0 m’lyea,

3. lE 1 m’/year
1.oEO m’lyear

3.4E–1 m’lyear
2.8E0 m’/year

2.2E0 m’lyear

I“”e”to,”

2.7E4 ki
1.5E4 kg

3.2E6 kg

2.7E3 kg
1.8E3 kg

1.5E4 kg

4,5E0 kg

1.6E4 kg

1.3E4 kg

3.2E1 m’

8.3E0 m3

1.6E 1 m’

7.6E–1 m’

2.8E–1 m’
2.1 EO m’

1.6E0 m’

Water is required for domestic use, coDling 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 is expected to have negligible impact on the Tuscaloosa aquifer.

T.Ue 3.31. Estim81nd avera~ water c.nmmpti.m

CO.s.mPdc.n
u,, L/rein

step 1 Stage 2

bmsdc Mm,

Drinking, sanitaw, s.fetv showrs 20 25

Cud;llgloner

coolingtower evaporatiw 430 780
Cn.ling ?o*r drift 15 25
tiling tomer P.rs 95 95

SmvicO warn,

3oiler makeup 0. another plant area) 110 310

Total u,a~ G G

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

w = ~
Coal, t 8,200 22,700 30,900

Electricity,a GWh 50 60 110

Oiesel fuel (emergency diesel
testing and operation), L 9,000 9,000 18,000

aElectricity wil1 be purchased from South Carolina Electric and
Gas Company which has 4,242.5

1

of on-1ine generating capacity and
1,854MWWof capacity under cons ruction.

hw
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3.4 SALT DISpOSAL ALTERNATIVES

Oisposal methods for the decontaminated salt were discussed in 00E/EIS-0023 with analysis of
the potential environmental effects. Alternatlve modes that were considered were: store in
the tanks at 5Rpi 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 for the disposal of hazardous waste and low-level radioactive 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 salt:rete monoliths in a prepared, impervious clay-
lined burial ground. This alternative would utlllze the empty waste storage tanks, Elimi”ati”g
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 volubility nitrate-nitrite salt and
contaminant mercury in the event of a massive accidental tank r!pture, as by an earthquake. Other,
less abrupt modes of failure of unattended tank systems are also possible over long periods.
Tank storage of crystalline salt is not preferred because the hazards would be greater than those
for saltcrete in an engineered landfill.

3.4.2 Return of decontaminated salt to waste tanks as saltcretezs

The return of decontaminated salt as saltcrete to used or new waste tanks requires all of the
processing steps for making saltcrete described 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 avoided. 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 ZOO-Z area. Offsetting these savings, however, is the need for construction of 5S
to 60 new tanks, costing about $0.6 billion (1980 dollars), required to contain 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 saltcrete disposal. Such a combination plan appears advantageous in some respects. However,
closer examination indicates that the operational and safety problems of transporting the par-
tially decontaminated salt to three different areas, operating and servicing three separate
saltcrete plants, and improvising transport of the saltcrete to various tanks as they become
available would create cost and operational problems that appear larger than the potential benefits.

3.4.3 Ship decontaminated salt offsite for disposals

Shipment of decontaminated salt offsite would be done only if disposal in a geologic ?EPOSitOry
were considered necessary. Based on the existing NRC-proposed radioactive waste classification

TC guide,26 the de~Ontamjn~ted salt is considered to be low-level waste suitable for near-surface
burial. Since SRP has acceptable low-level radioactive waste disposal sites within its boundary,
no off site disposal was considered. If geologic disposal were required, the salt would have to be
packaged in a form suitable for shipment and disposal. The waste form will depend on OOT 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 alter”atiye tO be “ot preferred. ●.,
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● 1. Saltcake form. Use of this product form WOU1d: elimlnate the saltcrete processing faci1ity
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 S1ightly
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 mi11ion.

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 result in fewer
drums of waste but would require a special facility for fusing the salt and loading 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 reasons, shipment offsite for disposal in Federal repositories wi11 not be considered
unless future regulations preclude the disposal of saltcrete in the SRP-engineered landfi11.

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 salta

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 imnobilization without separation is that the process eliminates the need
for separate’facilities to purify and dispose of salt and al1 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 105 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 inimobilized
waste produced by this process.

Preliminary examination of combined in!mobi1ization (innnobi1ization of the unseparated SRP high-
Ievel radioactive waste), which appeared to be a promising alternative initially, showed that the
technological, environmental, economic, and safety problems far outweigh the benefits. Therefore,
this immobi1ization method was not considered a viable alternative for the OWPF. 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 faci1ity and burial area. The cost of saltcrete processing
and of development of the burial area would be eliminated along with any potential Iong-tem
imPaCts fPOm saltcrete burial.

Counterbalancing these benefits are penalties that result primarilY from the very much larger
volumes of waste to be innnobilized and the consequent much larger number of canisters to be
stored and transported, as well as from the uncertainties of the process. Oespite the expected
simplification of the combined process, this waste-form inunobilizationis at an early state of
development aridwill require substantial testing ‘to demonstrate its long-term viabi1ity. There
could be problems in producing a low-leachate waste form considering the large amounts of sodium
in the waste. Because of the much larger volume of combined waste, al1 of which must be
vitrified, the inanobiliz*tion facility would need to be much larger with paralIel 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 faci1ities
than are required for the reference process. Oespite 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 comi tment of personnel increases the posslbi1ity 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 emissions. 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 probabi1ity of an
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accident is proportional to the number of shipments, which is considerably greater for the *
combined innnobilization alternative. Similarly, the probability of an accident during handling
(transfer) would increase proportionallY with the increase in the number of canisters handled,
The cost of transporting the waste to the reposltorv would be increased bv a factor of 2 to 5.
The repository area required for the immobi1!zed waite would also,be ~ncreased with a corresponding
increase in repository cost. Overall, the disadvantages of immobll?zlng combined salt and sludge
far outweigh the advantages. Therefore, it is not considered a viable alternative.

3.5.2 Interim solidification

As in the consideration of immobi1ization without separation of slud e and salt, the stored high.
!level radioactive wastes can be solidified (although not immobilized Into an interim waste form

pending future immobi1ization for final emplacement in a repository, The primary purpose for
interim solidification is to convert the existing wastes to a form less subject to accidental
dispersal, The singu!ar advantage is to have the wastes in an apparently safer form while
exploring inunobilizat?onalternatives and deferring final action. At least three interim waste
solidification approaches have been considered in some detai1:

1. low-temperature waste solidification of molten sludgelsalt slurry,

2. powdered calcine frm sludge/salt slurry, and

3. powdered calcine from sludge with other decontaminated salt disposal options

The first two approaches require the U1timate irmnobi1ization of the entire sludge/salt mixture.
Separation of the high-level radioactive component from the overal1 solidified mixture can be
effected only with great difficulty and high cost. Therefore, inanobilization wi11 require
combined vitrification and wi11 produce about 20 times the number of canisters anticipated for
either the reference or staged alternatives. The disadvantages associated with combined
immobilization 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 wi11 be produced if either the reference or staged alternatives are implemented.
Furthermore, as with the other two interim solidification approaches, it wi11 require double
processing to put the waste into a final immobilized form. Double processing is clearly more
costly than single processing (direct in!mobilization)and results in increased occupational
exposure, as wel1 as increased potential for environmental impacts.

Due to the large quantity of high-level radioactive waste stored at SRP and the large increase in
volume of the final immobilized waste form that results from interim immobilization, this
alternative was considered 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 OWPF 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; Bavnwel1, South Carolins, is about 10 km east; and Columbia, South Carolina is about
93 km northeast (Fig. 4.1). Two smal1 South Carolina tows lie within 20 km of the proposed
OMPF site, Jackson (population 2000) and New Ellenton (population 2500). The BarnWell Nuclear
Fuel Plant of Allied-@ neral Nuclear Services lies within the 20-km radius, as does the Vogtle
Nuclear Power Plant and Chem-Nuclear Systems, Inc. The remaining area within 20 km is primarily
the controlled access area of SRP (Fig. 4.2).

ES-5549

NOR TH CAROLINA

ATLANTIC OCEAN

Fig, 4.1. Location of SRP relative to surrounding population centers. Source: FinQl
Environmental Impuot Statement, Long-tern Management of Defense Wastes, Savan=ver Plmt,

Aiken, South Ca.mlina, OOE/EIS-0023, November 1979.

4.1.2 Site description and land use

The SRP is an 800-km2 (300-square-mile) controlled area set aside by the U.S. governmnt 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.l

4-1
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Fig. 4.2. The Savannah River plant.

The Proposed DWPF 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 pineand native vegetatiO”.

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 loblolly pine.

9
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Fig. 4.3. Location of the proposed site for the DWPF (S-area) and for salt disposal
(Z-area).

4.1.3 Historic and archaeological resources

The proposed site for the DUPF was surveyed (December 1978 through January 1979) for archaeo-
logical resources and for sites that might qualify for incluSiOn In the National Regi8ter of
Hi8t0ric Place8. 2

The archaeological survey was conducted by establishing transects through and around the DWPF
site (approximately lD,00D m total) and raking and inspecting 4-m2 PlOts everY 20 m a10n9 each
transect. No archaeological or historical artifacts were found within the OWPF 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 inforn!ationto h useful in archaeological research. Site 38 AK 261
contained historic artifacts of the 1880 to 194D period which were interpreted to be associated
with a dwel1ing 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 SOC1OECONOMIC AND CO~UNITY CHARACTERISTICS*

Additional information On the topics presented in Sect. 4.2 can be obtained 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 trailer courts and new hews 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 Chapfn et al. q

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 low of 6000 to the current
8300 (June 1980). About 95% of th{s total are empleyed by E. 1. du Pent de Nemours & Company,
Inc., and its subcontractors; the remainder are empleyed by 00E (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 socioeconomic benefit. The 1979 SRP payroll of over $209 million was one of
the largest in South Carolina. In addition, more than $40 mil1ion 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 SUP wo~ker distribution pattern
(see Table 4.1). SRP workers and families comprise roughly one-half of the city of A{ken’s
15,000 people and account in large measure for the high median family incomes in the county.

Table 4.1. Cli,tri&ti.n of thn June 1%0 SRP empl.y- by D1.- of ra3iden-
and m a ,eren,q of tie J“”. 19S0 IaL.n II..!

Number of SRP Percent of SRP
SRP employees as a

Location of residence June 1980
employees labor force labor POOI Dercentaqe of the

I,wr pool

Primaty study area
South Carolina counties

Aiken
Allendale
Bnmberg
Barnweli

Georgia Countje$
Columbia
Richmond

Seconda~ study area
South Carolina counties

Edge field
Hampton
Lexington
Orangeb.rg
Sal”da

Georgia counties
Burke
Screven

Outside study area
South Carolina
Georgia
other stales

7447
5955
4904

149
165
737

1492
256

1236
643
553

92
104
133
142

82
w
25
65

245
163
71
11

89.3 142257 5.2

66
17.9
3,1

14.8
7.7
66
1.1
1,2
1.6
1,7

71.4 59790 100
58.8 40260 72.2

1.6 3580 42
2.0 E830 2.4

9120 8.1
.,..7 4.. . . . . ,.
,.,.7 ,7

1.0
1.1
0,3

,., .,
67270

129609
113370

80SQ
7080

57960
3359a

E630

,.,
I.a
05
0.5
1,1
1.5
0.2
0.4
1.2

16239 0.6
8176 0.3

0.8 8063 0,6
2.9= b b
2.0 b b
0.9 b b
0,1 b b

‘ Numbers may “ot add due to rounding.
,Not applicable.

Source: SBC 1981,

‘All material used in Sect. 4.2 is based on the report Soaioeconomio Baae2ine
Characterization fo~ the Sauannah RivaF PLa?it Area, 3 0RNL/Sub-81/13829/5, prepared by NUS
Corporate On for ORNL, exce~t as otherwise noted.
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● 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 Carolina 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 OWPF and to sustain the most concentrated community impacts from
potential workers moving into the area.

ES-555.

GA\ SC

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 comnunity effects. The six
primary impact counties are Aiken, Allendale, Bamberg, and Barnwell, SOuth CarOlina. and COlumbia
a“d 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 governwnt function in the 13-county area, providing services, implementing
PO1Icies, and interacting with each other and the citizens. These levels include 78 communities,
13 counties, several regional counci1s (or planning and development co~issions), twO states.
and the Federal government. In addition to these multipurpose governing units, there are
“special purpose” (e.g.. schOol and water) taxing districts in bOth SOuth CarOlina and G@0r9ia.

4.2.3 Land use

The 13-county impact area, encompassing over 20,000 kmz, is generallY 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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Land “,, Percentap

Weds, Ior,, t%,Wtland, 37.5

Aq,;c.[t.,,1 35.7
Urban 4.7
other de.elowd lo.bhc, semi-PubUcl 0.5

water bme, 1,4

Vacan!, own so=e and unclassified 20,2

Source: S.cimonomic .9.selim Characrerizal;on

for rhe G.annah Riwr P/m r Area, prepared for

ORNL b“ 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 comrcIal development in the primry
impact area are found in Richmond and Columbia counties, Georgia, and Aiken County, South Carolins.
In the secondary impact area, Lexington County is experiencing the most intensive develop~nt as
a result of suburban growth from the city of Columbia.

Al1 study area counties, except Hampton and Burke, have comprehensive long-range plans. The
land-use controls most comonly 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 LT.3 1ists the regulations and plans in effect in
the six primary impact counties.

T?,al, 4,3. L-d.- mgulatims d plain

Land use ZOni”g Subdivision Building
Mobile homti

C0untie9 trailer park
plan ordinances regulations codes regulations

soum Cardlna

Aiken x
x’

x x“-
Allendale
Bamberg x x x
Barnwell x x

Gwrglm

Columbia

Richmond
x x x x

1 x x x x

Source SBC 1981.

*U rider consideration.
bAs pafl of Lower Savannah Region Plan.

4.2.4 Demography

Table 4.4 1ists the 1980 populations for counties and comn”nities in the six-county primary
impact area. The largest cities in the primary area are Augusta (47,5DO), Aiken (15.DOO), North
Augusta (13,600), and Barnwell (5600). The other 27 incorporated communities have populations
of less than 5000. Aiken, Richmond, and Columbia counties tike up the Augusta Standard Wtro-
PO1itan Statistical Area (SMSA)* with a total population of 317,300. A majority of SMSA resi-
dents 1ive outside the boundaries of any city or tow”, and two-thirds of al1 residents of the
six-county primary impact region 1ive in rural areas and in 47 unincorporated con!munities.

●A Standard Matropolitan Statistical Area is comprised of a central city or cities with a
POPU1 at ion of 50,000 OY more and the cont~guo”s count+ es that are economical 1y integrated with

the central city.
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Tabte4.4. IWO populations for countlw
and canmunltiea In the prlmaw lmpOct area

Local,on Popu18t,0n

south Carolina

Aiken County 105,625

C,IY of North A.g.sta 13,593
CIIY of Aiken 14,976

Alle”dale County 10,7OCI

Tow” of A(lendale 4,4W

Bambefg county 18,118

CIIY Of Bamberg 3,672

C,!y of De”mark 4,424

Barnwell county 19,869

City ot Bar”well 5,572

Georgia

Columbia County 40,118

City of G rovetown 3,491

Richmond County 181,629

city of Augusta 47,532

Pr,mary in,pac! area total 376,058

Source US 13ureau0f Census, 1960 Census
of Population and Housing,SouthCarolina.
PHC80-V-42 Georgia,PHC~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, increasin9 from the s~l lest tO third lar9est am?n9 the
primary impact counties between 1950 and 1978. In the sane period, the fastest growing county
in the secondary area was Lexington County, which now accounts for nearly one-half of the total
population of all seven secondary counties. Significant declines in rural county POPU1ations in
both primary and secondary areas that occurred in the 19S0s and 1960s were reversed in the
1970s.

According to area planners, the greatest population growth is expected to occur in Aiken,
Columbia, and Richmond counties kcause 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, mtropol itan area. Additional
demographic information is in Appendix E.

During the last 30 years, the populations of the primary study area counties have been younger
(as masured by the wdian 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 195s to 1978, the crude birth rates for the counties of the Pri~rY study area declined
from 25.3 to 17.7 per ttiousandpersons. This decline reflected national trends although birth
rates exceeded the national average throughout the period. This S1ightly 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
national average of 2.8. Rural counties in the prim6ry study area typicallY have larger average
household sizes than SMSA counties.

ln 1978 mjorities of the population in Bamberg and Allendale were black, 60 and 56%, respectively.

9

Richmond, 8arnwel1, and Aiken counties had smaller percentages of blacks, 37, 35, and 24%, respec-
tively. Columbia County, with 15%, was closest to the national avera9e 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 fami1ies. In 1969. OnlY the
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more urbanized c0unt7es. Lexington, Aiken, Richmond, and Columbia, had Percentages of families
at poverty levels (1? to 16%). approximating the national average of IQ%. The remaining counties ●
had percentages of Poor familie$ greater than 23%.

4.Z.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. South Carolina, metropolitan
areas. As a percentage of total employmnt, manufacturing activity at establishments 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 located.

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

Agric.l[. re

Mining

Contract construction

Manufacturing

Tran,por,,tion and

Public “til; tie,

Wholesale ,nd

retail trade

Finance ins.ra.ce and

real estate

,ervice,

other

Toral

0.4

1.1

2.7

65.6

4,0

14.6

2.9

8.5

0.2

G

0,2

0

5.1

46.8

4.4

32.6

1.4

9.3

0.2

G

1,1

0

1,6

53.0

4.7

21.1

2.1

16,4

0

=

0.1

0,1

4.1

72.1

1.4

15.3

2.2

&,6

01
—
700.0

0,6

1.0

17,7

41,6

3,7

23.0

2,4

9.6

0,4—

0.5

0,2

7.2

29.4

4.3

31a

6.5

20.0

0.1

‘Figures reoresent vr.entage$ of total employment within e$tablishmenrs, excluding %elf.employed

Per$ons, in each orirnary imoa.t COU.W,

Source: U.S. Department of Commerce, Bureau of the Cens.$, CO.nW Susiness Parrar.s for South
Carol;.. and Cou.ry B.s;nes Patterns for Georgia, Washinglon, D .C,, 1977.

A discussion of construction worker availability in the SRP area is included in Appendix E. The
proposed DWPF 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 ONPF construction is expected to begin.

Table 4.6 lists income statistics for pvimavy impact area counties along with the unemployment
rates for 1980. Aiken and Richmond counties had the highest per capita incomes, and Allendale
had both the lowest household incow level and highest unemployment rate for the study area.

4.2.6 Public services

In the six-county primary impact area t,he?e sre “<”e public school systems, seven in South
Carolina and two in Georgia, operating 81 elena?ntaryschools, 26 intermediate schools, 23 high
schools, 10 special schools, 9 vocational/technical schools, and 6 colleges. Approximately
93.6% of the area schOo]-~ge Chi ld~e” ~~e enrolled in these “j”e p“bl ic school systems, with the
remainder eithep attefldi”g pvivate ~Chools ov receiving instruction at home, Table 4.7 lists
capacities available fov increased ~nyollw”t in selected county schools and number of schools
which have exceeded or are “ear c~pdcity,

e

Additional planned faci1itie~ include three “ew high schools (a total Of 3900 student spaces) in
Aiken County, scheduled tO Open j“ early lg81, .3ndtwo “ew high schoOls (2500 student spaces) in
COlumbia COuntY. Other area school districts are adding mobile units to increase classroom
capacities.
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Tabi. 4.6 In-m. .nd un.mpl.m..t t.,

Pdllmrv Imwcl am CO”mi.o

19iS Iw
Im

pN -Qtia nmdii ba”dld
ununplommt

incorr,a in~m~

IN ($)
(%)

South Carol!”.

Aiken 6,~ 17,1SI 6.9

Allentile 3,318 10,1M 11.7

B.mbm.a 3,1@3 Io,m 8.3

8arntil 4,a37 13,412 9,8

G,orab

Columbia 4,s 14,637. 4,3

Riihm.md e,=?b 13,5S6C 8.7

.1377.
blm.

c~mmti by OliNL Sti .*.O Is’is dma from Sties md tirhfing
M.emnf SuweY of Suying Pow, JUIY 1~, %trnme is the p~.m d

the cab of the nmdim tiwiw b.’iine inrnme of the cvunw of Imwm t.

thm of .4iken Co.ntv and Aiken CN.WS 1931 mediin i“-.
sour= Pum”d mmmun!c6tion * ~ndlw SWC., SC. Ernw

wnt Sec.~ tire-n, Columbia, S.C., and Lorraine P-II, Cmtral
Savannah Ui Planning md k~lmmnt timition, Augusta, ~.

Table 4.7. N.mkt d p.Mic s~aals and e.rdlment -Paciti.$ bi $chcal ditiri.u
(1979-60 tied Year)

Number of schco!s %0.1s with Available

~hwl Number 0+ where a lC% illCm,= mpmiw e“rdlme”e callaciw

d,tr!ct fZiliti- ln enrollment would or near capacity (numbr of

exceed cap=i~ enrollments $ul*nts)

N kens 36 7 10 3644

Allendale 6 0 6 0

samtirg No. 1 e 0 0 60-W

Demark-Glar N.. 2 3 2 0 91

s,,.*II No. 45 3 1 0 275

Blackville No, 19 3 0 0 2ss

Wllisron 2 0 0 .len

bl”mtia 13 2 5 1166

Ri.hmmd % 13 15 25s2

Total G G G 66W

“ 19~–61 ,chwl year.

bA lW increti i. enrc.llme”t would rePresent rw. additlmal st”kn% mr cl=. e.wming 20 st.denu

to tlm CIaw.aom.

Of the 120 public water systems operating in the primry impact area, 30 are county and municipal
systems that serve 75% of tbe local population. The other 90 systems are generally smsller and
serve individual subdivisions, water districts, trailer parks, and miscellaneous facilities such
as nursing homes and schools. Al1 but four of the municipal and county water systems obtain
their water from deep wsl1s. Those systems utilizing surface-water sources are the cities of
Aiken, Augusta, and North Augusta, and Columbia County. All systems can accommodate som degree
of additional use except one in RichmOnd COuntY. which is currentlY 0Per$tin9 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 Barnwel1 and Allendale cOunties. ‘n ‘h? other ‘nd ‘f
the scale, a total of 19 systems in Aiken, AlIendale, Bamberg, and Barnwel1 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 prirraryi~act area.

The adequacy of municipal sewage treatn!entin 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
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warn,SVsmnlf Sewwe ,“,rem ,

0-25% 25-70% 70-100% 0-25% 25–70% 70–1=

Aiken 3 4 0 0 .s

Atle”tile 2 1 1 0 0 b
Bambem 2 3 0 0 0
Barnwel) 2 2 1 1 1

COlumqa

:
0 2 0 1 2 0

Richmond 1 0 4 0 1 1

“Two of che 30 area systems had ins. ficient data for mtc.latinq opecatiw ca~cities.

bThesa systems have exceeded design capacity, SVsWm expansions are plaoned for

the near future.

W,ce: SBC 1981.

capacity; however, expansions are currently planned. At the Denmark Plant in Bamberg County,
the amount of sewage is double the trea~nt capacity as a result of infiltration/inflow.
Expansion of the Denmark Plant IS currently being planned. In Barnwel1 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-
wnt capacity, but about 15% of the effluent is discharged untreated. A proposed expansion of
the Augusta wastewater trea~ent plant is currently being planned as well as a program to remove”
points of raw wastewater discharge.

The primry study area is generallY wel1 serviced by electric and natural gas utilities, which
consist of private, investor-owned, municipal, and rural cooperative companies. Natural gas is
used primariIY by industrial custowrs, whereas residential customers consume most of the
electricity. Most of the area’s electric powr is generated from coal, natural g.s3,oil, and
hydropower by two utility companies, South Carolina Electric & Gas and Georgia Poi!er. Power is
sold directly to residential customers or wholesale to municipal and cooperative utilities.

Forty-three five depar~ents service the 13-county study area. Mithin 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 Carolins, and Richmond, Georgia,
services are most heavily concentrated in the cities of Aiken and Augusta, leaving som 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 least one hospital.

Law enforcement agencies serving the primry study area include 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 Richmnd and Aiken have law enforcement staffs below the national average of 2.1 law
enforcement officers per 1000 POPU1ation. 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).

Al1 primary area counties except Allendale have active civil defense departments and state-
approved ewrgency preparedness P1ans. In addition, the SRP has various service agreeknts for
mUtual assistance or special support with Fort Gordon and Talmadge Hospital in Augusta. In
addition, SRP shares fire-fighting m“t”al aid with Allied-General Nuclear Service, the city of
Aiken, and the South Carolina Forestry Comnission. Wmos of understanding between SRP and the
States of South Carolina and Georgia cover notification and ewrgency responsibilities in the
event.of an actual or potential radiological emergency at the SRP.

4.2.7 _

AS shown in Table 4.9, about 86% of the total housing stock in the primary impact area is located e
in Aiken, Columbia, and Richmond counties, the three co””tjes that make up the Augusta SMSA.
Since 1970, the greatest rates of increase in the housing stock have occurred in Aiken, Barn’uell,
and Calutiia counties. Of the three, Columbia Coun,tyhas 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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T.tie4.9. Housing sulisti- for primari sm~ area

Numkr of
vacancy

C..nw
Annual increase

rate in .nis
md Y,,, ... s , w, 1%1! -! ,.-.

South CmoH. .

A,ken

19m

1977

1970

Allendale
198U

1977
1970

Bamberg
1990

1977
1910

B.rnwell
1980

1977
1970

Columbia
199a

1977
1970

Richmond
193a

1977

1970

3!3,791

29,333

3,973
3,511

6,394

5,663
4,746

7,2s2

6,699

5,379

14,M

6,740

W,646

47,7M

3.6

8.2

9.0

3,2

4.0

9.3

3.4

4.2

10.1

3.5

4.7
9.5

G~&a

10.9

3.?

3.6

5,2.

aB-d 0. n.mkr of units for sale or rent 0.1”.

Sour-s: u.S. Bureau of Qnsus, 1990 Cenws of Pop”latlon and
Housing, Souti Carolina, PH_V42: Georgia, PHC~V.12; Mamh.

1961. SOCio-.om& 8m/ine Ch.rwrerizatio. for tie Savannah Riwr
Planr An.4, PrePared for ORNL W NuS Cnworalion, 1991, ORNLISub

81/1 3828/5,

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 mzbile hom grwth in the Augusta SMSA in 1979 occurred
in Aiken County, reflecting less stringent regulation than in the other wtropolitan 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 1ive 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 mst rapid in Lexington and
Orangeburg counties. As in Aiken County, the increase in the number of mbi le homss 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 how costs are around $36,000 in southern Augusta. $55.000 in we~teyn Augusta,
$75,000 in North Augusta, $40.0130in Barnwel1. and $60,1313fJin Aiken. ~dian h0usln9 values Wi11
reinainmuch lowr 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 demnd for housing in South Carolins, especiallY
around urban or grotih 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 soinsplumbing 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 predominantly

●
found in rural areas. .
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4.2.8 Transportation e

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, a“d 378,
parts of which are multilane. 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.

Fig. 4.5. Highway and road systems

In a 1978 survey, the highest traffic volums in the area were observed near Augusta, where

vehicles on select roads exceed 30,000 per day, Outside the Augusta urbanized area, 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 t,he SRP averaged fvom 2000 to 10,000 vehicles per day. Traffic generated

by the SRP itself was estitratid at approximately 6150 vehicle trips per day in 1980.

With no improvements to the existing road system, major congestion problems 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 ZOOO, and 13% of this network is projected to be severely
congested.

The primary study area is served by several b’ranchesof three mai” rail systems: the Seaboard
Coast Line Railroad (SCL), Ceotral of Georgia, and Southern Railroad (see Fig. 3.16). In addi-
tion, the SRP OW”S a“d operates a railroad system within the plant boundaries (see Sect. 3.1.7.1,
Fig. 3.15). Of four tracks operated by SCL in the study area, one extends westward from the
towns of Denmark a“d Bar”wel1, South Caroli“a, and provides services to the SRP along with
another conjoining SCL branch that parallels the Savannah River,

There are te” aviation facilities i“ the primary study area, o“e of which provides scheduled
P?sSen9er service. Within the primary area thet’eis a restricted air zone ~bOve the Fort Gordon

a

mllltary reservation.
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● The comercial 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 1isted in the National Registe? of Historic Places wi thin the six-
county primary impact area. (See Appendix E for a 1isting 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, Graniteville, Pinched Gut, Broad Street, Sumnh?rville,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 Barnwel1 County.

In the South Carolina State Archaeological File. 489 sites are 1isted in the four primary counties
of Aiken, Allendale, Bamberg, and Barnwel1; the Georgia State Archaeological Site File 1ists 811
80 sites in Columbia and Richmond counties.

4.2.10 Comunity attitudes toward nuclear facilities

Attitudes toward nuclear faci1ities expressed by local leaders in the impact area ren!aingenerallY

positive with the exception of Allendale County, where the majority of the leaders interviewed
have adopted an attitude of cautious concern and uncertainty. The economic benefits (jobs,
purchases, and taxes) of the existing nuclear faci1ities and potential new ones are generallY
seen by comunity leaders as far outweighing any potential risks; howver, both supporting and
0PP0Sin9 9rouPs in the ~OCal area appear to have 1ittle detailed information about the existing
and planned nuclear facl1ities at the SRP. The differences in attitudes between Allendale and
the other five counties contacted reflect in part the differences in benefits received by them.
Allendale County has fewer residents employed at SRP than any of the other primry impact counties.
Allendale, despite its proximity to the SRP, has received very 1ittle Federal paymnt because
payments are based on value of land purchased years ago.

4.2.11 ~

There are 39 jurisdictions within the primary study area that currently exercise the right to
levy taxes. These jurisdictions include 6 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 governwnt, 1icenses and permits, fees and fines, and charges
for services. The n!ajorsources of revenue are property.taxes and state, and Federal government
assistance (Table 4.10).

Real property consists of housing and connnercialestablishments, whereas personal property
includes such belongings as cars and boats. Within the impact region, property tax rates are
set by the state legislatures of South Carolina and Georgia. The 1979 personal property tax
assessment rate in the four South Carolina prin!arycounties was 10.5% of market value; in *orgia,
this rate was also 10.5% of mrket 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 assessmnt
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 also a n!ajorsource of revenue to local jurisdictions. City
governments received increased proportions of their general revenues fromFederal 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; howver, they are not included in Table 4.10.

Major expenditures in study area jurisdictions were ~de for transportation and public works,
public safety, health and welfare, recreation, tax administration, judicial service or the
judiciary, general administration, and cotnnunitydevelopment. Of these, the largest expenditures
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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 investn!Qntsfor roads, sewers,
and water facilities are more essential than they are in the rest of the primry impact area.

4.3 METEOROLOGY

The description of the meteorology of the OWPF site is based on data collected at the SRP site
and at nearby Bush Airport in Augusta, Georgia.

Wind data are measured at seven 62-m meteorological towsrs on the SRP site and at the 366-m
WJBF-TV tower located off site. Temperature data are also wasured at the TV tower and at one
onsite station that records continuous temperature, mximum and minimum temperature, daily
rainfal1, relative humidity, and barometric pressure. Rainfall is also Mnitored at the seven
meteorological towers at SRP.

4.3.1 Regional climate

The SRP is located in the Atlantic 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 prevai1ing in the Tennessee Valley. The terrain does not moderate the
surer heat. The SRP site and surrounding areas are characterized by gently rolling hil1s with
no unusual topographic features (except the Savannah River along the western boundary) that
would influence the general climatology significantly.

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

The fall season has many cool mornings and warm afternoons. About 18% of the annual rainfal1 is
recorded during the fall.

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 last long (more than three days of sustained snow coverage is very rare).
The winter rainfal1 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 Surer. Spring rainfal1
represents 27% of the annual total.5

4.3.2 Local clin?ate

The local climte 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 1ists temperature averages
and extremes.

The average winter temperature is approximately 9“C; the average sumner temperature, 27”C. The
annual average temperature is 18°C with an average dailY temperature variation of about i7”c.

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

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

9 4.3.2.2 Precipitation

The average annual rainfall at the SRP site is 120 cm 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. Approximate y 40 cm of the
total precipitation infiltrates into the soi1; of the remainder, about 40 cm is lost as runoff a“d J-28
a similar amount is lost as evapotranspiration.
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Table 4.11. Aver.W and extreme temperatures

at the sRP sire, 1961 tir.auqh 1976

Extreme monthly

Averm, daily temprat”r. temperature

Month (“c) (“c)

Max. Min. Monfhly M,.. Min.

January
Febru,,y
March

April
M,”

June
Julv

Aug.,,

3eDtemkr
October
N.av,,nkr

Decemk,

13 2 8 30

15 3 9 27

20 7 13 32

25 12 18 35

28 !6 22 37

32 19 26 41

33 21 27 39

32 21 27 40

29 18 24 38

25 12 19 33

19 6 13 32

15 4 9 28

–16

–10

–6
1

5
9

14

13

5
–2

–8
–9

akverage annual ,emwrat.re= 18° C

Source: EID.

Table 4,12, Precipitation at sRP,
1952 throuti 1978

Monthly rainfall

Monrh (cmI

Max Min A.

January 25.5 3.2 11.0
February 20.2 2.4 10.6

March 22.0 3.8 12.8

Ar,ril 20.8 3.2 8,7

Mw 27.7 3,4 10.3

June 27.7 6.3 11.5

July 26.7 5,0 12,1

August 31,3 2,6 12.0

Seotemler 22,1 2.5 10.1

October 15.6 0 6.2
Novem&, 18.4 0.5 5.9
Decemtir 19,1 1.2 9.1

—

A.era~ 8. ...1 ,einfa(! 120.3

Source: EID.

The plant sjte is protected to a great extent from flooding of the Savannah River by two upstream
dams. During the heaviest rainfalls some flooding does occur in low-lying 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 cat.01jna is struck by an avet.ageof 10 tornadoes per year.e Most
of the tornadoes OCCUr from March t,ht.oughJune and have maximum wind speeds up to 418 kmlh.

NO SRP faci1jties have suffered sig”ifjCant tot.”adodamage. Several tornado funnels have been 9
sighted but apparently did not touch ground. Studies covering a period from 1916 through 1975
were used to assess the risk of tornado damage to ttleOWPF and show that the probabi1ity for a
tornado striking a Iarge building is abOut I x 10-3 per year, compaved with 1 x 10-4 per year
for striking a single point.
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● Hurricanes and hiqh 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 stornIsmove over land, winds of 120 kmlh have
been measured only once during the history of the SRP.

An occasional winter storm may bring strong and gusty surface winds; wind speeds as high as
116 kmlh have been recorded. Ouring the smer the only strong surface winds are associated
with thunderstorms, during which winds up to 64 kmlh, with stronger gusts, ca” be generated.

4.3.2.4 Air pollution potential

hbient air quality
I

Aiken and Barnwell Counties in South Carolina, and Burke and Richmond Counties in Georgia have
been designated as attaining with respect to the national ambient air quality standards for total
suspended particulate, sulfur and nitrogen oxides, ozone, and carbon monoxide. In accordance
with the Clean Air Act Amen~ents of 1970, the States of Georgia and South Carolina each have

J-27

implemented air-sampling networks. Air quality 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 24-hour Georgia
standard for particulates.bi

Temperature inversions

T~erature inversion data are available from instruments on the 366-m WJBF TV tower appvoxi.

mately 24 km frm 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 height under adiabatic condi-
tfons).7 About 30% of the time, a temperature inversion (stable conditions) extended to or
beyond the 3- to 335-m layer. About 9% of the data showed an inversion developing at the lower
levels with an unstable layer above; this represents the transition period between the ““stable
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 1B2- to 335-m layer indicated that stable
conditions existed 30 to 32% of the time frm 1966 through 1968, in good agrement with the
analysis based on the 1974 data.

Mixinq depths

The depth of the nocturnal mixed layer at SRP fs measured by an acoustic sounder that has been
operated continuously since 1974.8 The average morning mixing depth is about 400 m in winter,
spring, and sumner, 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 sunsner,and 1400 m in fall. Based on these
data, an average annual mixing depth of 938 m was assmed for this study.

Wind and dispersion characteristics

Atmospheric diffusion estimates were obtained from meteorological data for a two-year period
from January 1976 through Oecember 1977. The data were obtainad from the seven meteorological
towers at SRP and the WBJF TV tower 15 km from the plant boundary (Fig. 4.6). Wind di~ection
and velocity at SRP were measured at 62 m above-groundto 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 general 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 calculate tha atmospheric dispersion are joint frequency
distributions of wind velocity and direction surmnarizedby stability class. These data for the
SRP are shosm 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 fran different directions at a height of 62 m at the offsite television tower. For the
period 1976 and 1977 the winds blw mainly from the west and southwest quadrant.
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4.4 GEOLOGY ANO SEISMOLOGY ●
Located in the A~ken Plateau physiographic division of the Upper Atlantic Coastal Plain, the
proposed OUPF s~te (S-area) lies about 40 km (25 miles) southeast of the fal1 1ine separating
the coastal plaln frum 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.q

,.

,.-
/.,’,,...~

Fig. 4.6. Atmospheric data sources for SRP. Source: EIO.

Table 4.13. Frequencies of wind diretiians and true.avetam wind spds

Wind $Reds for each statility class

Wind
Frequency (mlsl

Nom
ABCDEF G

SE
ESE

E

ENE

NE
NNE

N
NNW

NW

WNW

w
W3w
w
SW

0.074

0.066

0.049

O.ou

0.Oal

0,06s

0.052

0.029

0.014

0.021

o,0a5

0.G90

0.063

o.0a5
0.062

0,069

3,39
3.24
2.a5

3.17

3.99
4.25

3.76

3.02

2.98
3.49

3.s6
4,44

4.29

3.09
‘3.7$

3.57

3.42

3.24

2,60

2.99

3.51

3.71

3.a2

3.33

2.a3

2.64

4.02

3.a9
3.43

3.1a

3.51
3.19

3.5a

3,21

2.58

3,09

3,43

3.52

3.31

3.59

2,36
1.33

3.a6

2.98

3.5a

3,W

3.2a

3,23

3.41 3.96 4.28

3.43 4.23 3.71

2,97 3.3a 3.14

3.14 1.15 3.24

3.33 3.02 3,79

3.75 3.70 4.1a

3.24 3.03 3.71

3.33 3.29 3.90

2.55 2.64 2.55

2,49 2.87 3.45

3,42 3.54 4.22
4.26 4.99 4.24

3.24 4.32 4.40

3.2a 3.91 4.24

3.26 3.95 3.91

3.ia 3.71 4.21

4.10

3.16

2.40

2.75

3.a7

2.93

1.67

2.31

2,60

3.39

3.16
4.01

2.M

3.06
4.32

3.53
——



s
s3E
SE
ESE
E
ENE

NE
NNE

N
NNW

NW

WN W
w

Wsw

Sw

SW

0,106
0,103

0,148

0,212
0.216

0.196

0.212
0.146

0.109

0.109

0.109
0.113

0.156

0.163

0.116

0.06a

0.050
0.033

0,043

0,W4
0.0%

0,053

0,040
0.035

0.030

0.024

0,031

0,044

Ooze
O,w

0.041

0.CU13
0.037

0.M2
0..247
0.M6

O.wo
0.030

0.035

0.026

0,037

0.039

0.C47
0.0%

0.05s

0.262
0.207

0.242
0.206
0.170

0.166
0.163

0.146
0.156

0.179
0.161

0.204
0.213

0.245

0.297

0.227
0.336
0.319

0.331
0.296

0.276
0.290
0.336

0.356

0.422

0.387

0.314
0.275

0.266

0.282

0.220
0.192
0,161
0.134

0.177
0.205

0.206
0.233
0.246

0,167

0.225
0,194

0,161

0.156
0,1s0

0.092
0.092
0.M5

0.055
0.W9
0.070

0.06E

0.056
0.016

0.077

0.061

ES.5M7

Ulti sm. *wr5, *K

.2.0 2.0 to 6.0

Fig. 4.7. Wind direction frequency.near SRP from 1976 to 1977 (62 m above ground level
at WJBT-TV tower). - EID.



4-20

ES-5522

I

~:+~i”)’-’””’’” .,.,,
).”-.’ “~
) “-
. *..-,.,

Silo Stratigraphy and Ph~iwraphy

Fig. 4.8. Generalized northwest to southeast geologic

Plant.

.,” W*P

vrofile across the Savannah River

4.4.1 Stratigraphy

Atlantic Coastal Plain sediments in South Carolina range in age from Cretaceus to QUatepnarY
and form a seaward-dipping and thickening wedge of interstratified beds of mostly Unconsolidated
sediments (Fig. 4.8). At the SRP sites these sediments are approximately 300 m (1000 ft)
thick. The base of the sedimentary wedge rests on Precambrian and paleOzoic crYstal1‘ne 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. Immediate y overlying the basement is the
Upper Cretaceus, 180-m-thick Tuscaloosa Formation, composed of PVO1ific water-bearing 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 9ra~e~.
Four formations listed in Fig. 4.8, the Congaree, McBean, Barnwell, and Hawthorn, compose the
85-m-thick Tertiary (Eocene and Hi ocene) sedimentary SeCtion. These sediments consist predomi-
nantly of ClaYS, sands, clayey sands, and sandy marls. The near-surface sands of the Barnwel1
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● and Hawthorn forn!ationsare usually in a loose to medium-dense state. They frequently contain
sediment-filled fissures (elastic dikes) less than 0.3 m in thickness.

Quarternaryalluvium has been mapped at the surface in floodplain areas adjacent to the DWPF
site. Soi1 horizons at the site are generally unifom and relatively shallow, on the order of
1 m deep. They are characterized by bleached Barnwell-Hawthorn sediwnts, which results in a
1ight 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 pvovince within
30D km of the site. Northwest of the fal1 1ine are the Piedmont, B1ue Ridge, and Valley and
Ridge tectonic provinces associated wjth Appalachian mountain building. Several majov 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 G).lo Subsurface investi-
gations did not detect any faulting of the sedimentary strata in the DWPF site area. Several
surficial faults, generally less than 3D0 m in length and with less than l-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.10

4.4.3 Seismicity

The Savannah River Plant is located in a region where definite correlations betwen 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 (~1 ) of X, was located sok 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.11,12 An estimated peak horizontal shakin of 7% of
gravity (0.07 g) was experienced at the site during the Charleston 1886 earthquake.?0

Seismological studies indicate that the site is located in an area where moderate damage might
occur from earthquakes.13 The USGS has estimated that a maximum horizontal ground acceleration

~!c~~~~~ Z~nk5;fZ;;;.Y4
could be experienced in the area with a 90% probabilfty of not being

Additional information on stratigraphy, structure, and seismology is given in Appendix G

4.5 HYDRDLOGY

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. Approx?~ately 77% of the
27,394-km2 area drained by the Savannah River is upstream from the SRP;15 oberation of two large
upstream reservoirs has stabi1ized 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 m31s; minimum daily flow was 126 m3/s. The peak historical flood for the period between
1796 to the preSEnt – ID,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 8 waterway downstream of Augusta, Georgia, suitable for domstic
use after treatment, for propagation of fish, and for industrial and agricultural uses.16.17
The reach upstream of SRP supplies municipal water for Augusta, Georgia, and North Augusta,
South Carolins, and, downstream, for Beaufort and Jasper counties, South Carolina; it supplements
the water supply of Savannah, Georgia. 18,19 The s~p Wjthdpa~S ab~”t 26 m3/s f~Om the sa”an”a~

River, primarily for cooling water used in nuclear reactors and coal-fired power plants. Most
of the water WIthdrawn returns vla tributaries draining the plant.19 The Savannah River receives
sewage treatient effluents from the connnunitiesand 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.20 Dther “SeS of the Savannah River in this region are
navigation (barge traffic from Savannah to Augusta, Georgia) and recreation (primarilY boating
and sport flshlng).21 Upstream, recreational use of impoundwnts on the Savannah River, includ-

e

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 kmz); (2) Four Mile Creek (including 8eaver Dam Creek) (90 km2); (3) Pen Branch (90 kmz);
(4) Steel Creek (90 kmz); and (5) Lower Three Runs Creek (470 kmz). 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
sandy soi1s of the area Permit raPid infiltration of rainfall, and seePage from these soils

Q

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 Oam
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. Ouring periods of high water, river water overflows the levee and floods most
of the swamp.

Four of the five str~amS draining the SRP (al1 but Upper Three Runs Creek) have received inter-
mittent reactor coolIng-water discharges. Although effects on the Savannah River itself are
smal1, the large flow of hot water (many ti~s the natural flow of the streams) has altered the
characteristics of several SRP streams and sme 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.19 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.zz

Upper Three Runs Creek differs from the other major streams in several respects. Besides the
fact that it .is a backwater stream and the only major stream that does not receive cooling
water discharges, its headwaters and about 225 kmz (46%) of its watershed 1ie 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 National Hydrologic Bench-Mark Stream
(E1O). Streamflow and various water quality para~ters are routinely mnitored at a station on
U.S. 278 (Fig. 4.2).

In addition to the flowing stream, surface water is held in over 50 n!an-madeimpoundments on the
SRP site covering an area of over 12 km2. The largest of these, Par Pond, has an area of 11 kmz.
Surface water is also CO1Iected in about 200 natural depressions on the SRP site, called caroli.na,
bays.23 These wetlands are shallow (1 to approximately 2 m maximum relief) and vary in size
from less than 0.1 to 50 ha; the median size is 1 ha.23 They are precipitation dominated,
receiving no a preciable surface runoff and probably 1ittle exchange with groundwater during
most periods.zt The origin of the bays, though stil1 in doubt, is generally believed to be
surface.subsidence following solution of subsurface strata by groundwater.9 Most estimates of
their age fal1 in the range of 10,000 to 100,000 years.z+

The proposed OWPF site, S-area, 1ies‘in an upland area entirely within the Upper Three Runs
Creek drainage basin (Fig. 4.3). It is adja’ent to and northeast of H-area, about 1.5 km to the
east of Upper Three Runs Creek. The caster” half of the site is drained by a ‘smal1 unnamd
tributary to Tinker Creek, just upstream of its 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 1ie 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 1ies 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 m3[s with a“ instantaneous maximum of 11.9 m3/s and a minimm
of 1.9 m3/s. At a station about 7 km dovinstreamfrom S-area draina e (at road C, Fig. 4.3),
streamflow averaged about 7.5 m3/s. fThe S-area contains one smll about 0.5-ha) carolina bay,
Sun Bay, which has been partially drained.

The proposed saltcrete burial site (ZOO-Z) 1 Ies in upland areas wi thin the Upper Three Runs
drainage basin. It is at least 500 m f?om the nearest permanent stream.

4.5.2 Subsurface hvdroloqy

Three distinct geologic.systems underlie the SRP: (1) the coastal plain sedimnts, where water
occurs in porous sands a“d clays; (2) the buried crystalline wtamorphic bedrock, where water
occurs in small fractures in schist, gneiss, a“d quartzite; and (3) the Dunbarton basin, where
water occurs in i“tergra”ular spaces i“ mudstanes a“d 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 ZepO 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 s.suds.~0 The sandier beds form aquifers and the clayier beds form con-
finin9 beds. The coastal pl.?,i”sedin!entsconsist of the Hawtho~n Formation, which is successively
underlain by the Bar”well, McBean, COngat.ee,Elle”to”, and TUSCalOOSa for~tions (Fig. 4.9).

e
The Barnwell Fovmatio” CO~Only 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 Bapnwell Fo~atjO” and percolation downward to the Congaree Forn!ation.
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Fig. 4.9. Stratigraphic column at the SRP site

The “tan clay” diverts sme 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 forn!ationsare hydraulicallY separated from the Congaree Formation and are not
recharged near S-area.

The observed potentiowtric contours near S-area indicate that (1) flow in the Barnwel1 Forn!ation
generallY follows ground surface contours and drains toward Upper Three Runs Creek and an unnamd
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 Formtion 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 Barnwel1,
McBean, and Congaree formations are 1 to 1.5 mfyear, 2 to 4 mlyear, and 14 mlyear, respectively.10
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The water in the coastal Plain sediments i5 generally of good quality and suitable for municipal
and industrial use with minimal trea~ent. 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
unique opportunity to launch ~his program because of its large buffer zones. Natural resource
inventories and characterizations of the site were sumarized by Brisbin et al.25

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. governmnt 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 large, is topographically variable, has a diverse vegetational
history, and human access iS limited, its floral and faunal diversity and abundance have high
ecological value.

4.6.1.1 Vegetation

Although the whole SRP is ecologically valuable, the proposed OWPF site is not ecologically
unique within the SRP. Table 4.15 1ists estimates of areas by habitat type for the proposed
S-area. Loblol1y 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 smal1
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 h.bimL. Wtontially

dirruptod by DWPF (baa)

H,bt,t type

S18shpine

L.blcly pine

L.nqleaf pine
Kne-oak.hi,kor”
Turkey oak

UDIand h,rdwoods

B.tt.mland bardw.acd$

Wetlands

~,,u,tid areas

Tor,l

Sarea

81

29
16

3
7

4
16

1

3

K

al hd = 2,47 acres.

Source: DatalromH.Mackey(SRL]and
C, Wescbrlv ISRL).Memorandum of
Jan. 17, 1980 to W. Holmes ISRL),
J.Caldwell(SRELI,J.McBraverIORNL),
andP.Mulholland(ORNLI.

●
A site for disposal of decontamj”at~d salt mjxed with COncpete has bee” pi-oposedfor the north-
east side of the i“tersectio” of plant roads F a“d L1. Plant cOm”ni ties affected are slash and
loblolly 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 bottomland
hardwood forest.
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●
4.6.1.2 Wildlife

The SRP contains considerable wildlife diversity because of its range of diverse habitats and
its protection from the public. The proposed DWPF area has been extensive y surveyed for wild-
life. Identified insect speciesnumbered 262, one-third of which were aquatic insects that were
CO1lected at Sun Bay. Seven lizard species, 11 snake species, and five turtle species Wre
identified. One snake species and four turtle species are aquatic and were also 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 enteri09 Sun Bay in 1979.
Eighty-one species of birds and 21 species of mmmals 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 OWPF.

4.6.1.3 Rare and endangered species

Four species listed as endan ered or threatened by the U.S. Fish and Wildlife Service26 have
been identified on the SRP:1~ bald eagle, red-cockaded woodpecker, Kirtla”d’s warbler, a“d
American alligator. Only the red-cockaded woodpecker possibly could find suitable habitat in
any of the areas to be affected by the OWPF. 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 OOE finding of no impact (Appendix C).

The State of South Carolina has a Nongame and Endangered Species Conservation Act (550-15, 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 PrOte.tiO. liStin9s
may be made by the Wildlife and Marine Resources Commission and would probably be taken from
species 1ists compiled for the First South Carolina Endangered Species Symposium.27 Although
these species do not now enjoy legal protection, they warrant consideration both because they
are perceived by experts to be in need of protectionze and because legal protection could be
extended to them. One such species (the green-fringed orchid Hob.naria Za.era) has been sighted
in bottomland hardwood forest near S-area. Two have been found in Sun Bay, the creeping water-
plantain Echinodorus pnruutue and the spathulate seedbox Ludwig& suathulatu. These SpeCieS are
considered to be of special concern” (i.e., the species is either of undetermined status or is
vulnerable to loss if not now endangered or threatened).27

The eastern slender glass 1izard Ophdsaurus attenuates and eastern tiger salamander Ambystoma
t, tiqrinm have been CO1lected in S-area. Both have been 1isted as of “special concern.“27
Cooper’s hawk Accipiter eoo~erii, 1isted as “threatened,” and loggerhead shrike Laniis
Iudouietinus, 1isted as of ‘specialconcern,” have been observed in S-area.

4.6.2 -

4.6.2.1 Water quality

GenerallY, surface water on the SRP site and surrounding areas is very low in dissolved solids
and relatively low in PH (usually 5 to 7 PH units).19 All 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 volunk?sof heated effluent (Table 4.16).
Temperatures in these streams “canreach 50”C or more during periods when reactors are operating.
AdditionallY, al1 streams receive some level of wastewater discharge resultlng from SRP operations
(Table 4.16). Industrial effluents are authorized under NPOES 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 NPOES Waste Water Permit SC 0023710.
The NPOES permit authority has been transferred from the U.S. EPA to the South Carolina Depart-
ment of Health and Environmental Control (OHEC); SRP is in the process of reviewing its NPOES
permit with OHEC.

●
As wntioned 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. 17 Man’s activities have affected water quality in a number of ways.
Upstream dams have reduced silt load and turbidity. Wastewater discharges by municipalities and
industries, including the SUP, add organic wastes, nutrients, metals and other trace contaminants,
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and heat.20 Recently, improved wastewater treatment by municipalities has reduced nutrient and
BOO loading, but industrialization in the basin has resulted i“ 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 listed in Table 4.17. Upper Three Runs Creek
has a mdian pH of 5.8 and is ‘IOW in dissolved solids (rn?anof about 25 mg/L), characteristics
tYPiCal Of low-gradient backwater streams in the coastal plain of the southeastern United
States. In contrast, Four Mile Creek is of higher pH (wdian 6.4) and has higher levels of
total dissolved solids (Nan of 60.1 mg/L). Concentrations of chloride, nitrate, SU1fate,
sodium, and calcium are substantially higher in Four Mile Creek than in Upper Three Runs Creek
but are similar to those i“ the Sav8nnah River.

Of the major streams draining the SRp site, Upper Three Runs Creek has the highest water quality
and 1owest impacts from SRP operations. The only waste discharge from SRP upstream of its
confluence with TiresBranch (Fig. 4.2) is a small ash basin effluent from F-area of 0.5 L/s
(Table 4.17). The flowing streams laboratory, located on up~~ Three Runs Creek imdiately
UpStream of the confluence with Ti”S Bra”$h, has been the ~fte Of past aq”ati~ ecological

●
studies.zs
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4.6.2.2 Biological systems

The most complete data on the biological characteristics of the Savannah River and sow 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).30,31 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 floodplain 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 effluent discharges are extrewly impoverished; only a few species of thermphil ic bacteria
and algae are able to survive in SOM of the hotter areas.zz Som fish and insects are found in
the cooler portions of these streams (.40”C).
1968.

Heated discharge to Steel Creek ceased around
Initial recovery of its biota has been slow,32 but it has accelerated more reCentlY.

8iological communities of the Savannah 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, Qorgia, during the 1950s and completion of upstream reservoirs
(Clark Hi11 Reservoir in 19S2; Hartwell Reservoir in 1961) – have affected biota by reducing
shallow habitat and reducing transport of sediment and alIochthonous particulate organic mate-
rial. The flora of the Savannah River is dominated by diatoms although blue-green algae are at
times an important component if the assemblage. The most diverse algal flora consistently
occurs during sunaner,coincident with low flow and less turbid water when 1ight penetration is
greater. The abundance and species distribution of phytoplankton result, to some extent, from
overflow from upstream reservoirs. ticrophytes, most of which are rooted, are 1imited 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-dwel1ing invertebrates. The total number of
invertebrate species decreased sharply during the 1950s primrily 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.34 Seventy-nine species have
been found in the region near.the SRP site.35 Dredging and reservoir completion (and perhaps
water quality degradatlOn) may have been responsible for a gradual decline in the total number
of species present since 1960.35

The Sa{annah River supports both a commercial and sport fishery. Important commercial species
are the American shad Ato8a sapid<sstia, hickory shad Alosa mediooris, and striped bass Mot.one
ematilia, al1 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, backwater streams Of the southeastern United States. A diverse assemblage of attached
diatoms is resent; occasional mats of the yellow-green alga Vaucherti SP. occur during
summr. 36.3? Blue-green algae are rare. Shading by the dense hardwood overstory 1imits 1ight
penetration and algal growth during su~er. Where the forest canopy is open, rooted aquatic
plants, such as Val,lisnertia?nericanaand Potamogeton epihy&oua, 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 sumer) and low suspended
particulate load.37.30 It also contains many rare species and has been described as an outstand-
ing example of a relatively unpolluted, spring-fed, sandhi11s stream.38 Although the stream
bottom is most]y sand and soft silt with occasional rock outcrops, abundant subwrged logs and
tree limbs form excellent substrates for aquatic insects.

Fifty-eight species of fish have been reported from Upper Three Runs Creek, and although sow
evidence indicates that the total number of species now present may be somewhat fewer than in
the early 1950s, the fish comunity is still very diverse.15.36.39 Upper Three Runs Creek may
be seasonally important as a nursery habitat for a number of important species found primrily
in the Savannah River, including the Awrican shad A20sa saptiisstia, the blueback herring Alo8a
aestioal is, and the striped bass Morone saxatil ia. Upper Three Runs Creek may also be an
important spaming habitat for the blueback herring. Fish have also been repovted in the smal1
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 my be important as feeding areas or
refuges for the fish connnunity.

The floodplain swamp ecosystem bordering Upper Three Runs Creek probably plays an important role
in stream functioning. Exports of organic material to the stream via litterfall and fl”vial
transport support heterotrophic processes, thereby increasing stream secondary productivity. In
addition, the swamp 1itter layer seasonally supports large aquatic invertebrate populations that
may be foraged by juvenile o? 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 sediwnt
loads, particular-lyduring periods of high streamflow.

Four Mile Creek 1ies i“ a narrow, wooded, moderately sloped valley. The average flow upstream
of any plant discharge is less than 15 L/s a“d is increased by effl”e”ts from F- and H-areas a“d
natural drainage to about 550 L/s just above the confluence with C-reactor di5charge, about
10 km downstream frcm alternative site A.19 The natural stream channel downstream of its con-
fluence with C-reactor discharge canal has bee” scoured and widened considerably, and much of
the bordering vegetation has bee” eliminated as a result of the heated discharge from C-reactor.

Water quality characteristics of Four Mile creek upstream of heated eff1uent discharge are
presented in Table 4.17. Four Mile Creek has higher pH (Rdian 6.4), levels of total dissolved
solids (mean 60 rng/L),and conce”tratio”s of chloride, nitrate, sulfate, sodium, and calcium
than does Upper Three Runs Creek.

The flora a“d fauna of Fo”r Mile Cpeek downstream of the cooli“g water discharge from C-reactor
are reduced, reflecting the ove~viding influen’e 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 a“d blue-green algae compvise the flora of these waters,
filamentous $reen algae are abundant in COOler regions downstream where tempet.atuvesate CO~Only
30 to 37”c.2

●
An investigation d“ri”g the early 1950s indicated that Four Mile Creek had a

diverse fish a“d p~es”~~bly ~ div&~Se inve~teb~~te fa””a before ther~l impacts were felt.39
CUrVefltly,however, aquatic invertebrate pop”latio”s dow”stre.smfrom the thermal discharge at-!
very 1imited.

,* .
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With the exception of the mosquito fish, mbuaia affinis, which can tolerate temperatures up
to about 41”C, few fish occur in the thermally altered areas.35 During reactor shutdown,
heated effluent ceases, the stream returns to ambient temperatures, and fish, particularly the
spotted sunfish, Lepmi.s pwctatia, and the redbreast sunfish, Lepomi8 atit~, 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.35

Sun Bay, a carolina bay on the S-area site, was partially draised 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.19 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 low 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
importance of carolina bays to reptile. amphibian, and smal1 mammal populations in the surrounding
area.’”

4.6.2.3 Rare or unique biota

The South Carolina Wildlife and Marine Resources Department maintains a 1ist of confirmed
sightings and CO1lections of biota assigned as endangered, threatened, or of special statewide
or regional concern or unique aquatic species. Among the species 1isted, and occurring or
expected in the Savannah River Plant area (Table 4.18), only the American alligator Alligator
m<ssissipi.nsis is on the Federal 1ist of endangered species. Al1i9ators have been observed in
Par Pond, Lower Three Runs Creek, Steel Creek, and in the swamp bordering the Savannah River.41
It is estimated that approximately 100 adult alligators reside in Par Pond.41,q2 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, 1imited al1igator activity could occur in impounded portions
of the stream and areas downstream from Road A, particularly in oxbow lakes. No al1igators
were observed in Upper Three Runs Creek by Murphy;+1 however, nests have been reported Previously
near the creek.43 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.

Of the aquatic plants listed as being of special concern (Table 4.18), the pink tickseed Coreopsis
roses, spathulate seedbox Ldigia spathulata, 1ittle burhead Echinodoms paruulus, and green-
fringed orchid Habenmia Lacera have been CO1lected on the SRP site. Among the herpetiles, the
spotted turtle clennys guttita has been reported from Upper Three Runs Creek. The eastern
bird-voiced tree frog HyZa auivoca is locallY comon, largely in the river swamp. The eastern
tiger salamander Ambystoma tighm tigtinwn is found throughout the SRP area.43 The pine
barrens tree frog Hgla ande?soni has not been reported at the SRP site.
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Tau. 4.18, Ram or uniquewwti.Iwci., intievici.iv .1 h. SRP

%,.”,{s. “am, Gammon Name Ocmrm.c*invici.it# stat.,

Co,aopsi,ma

Ludwti;, wa,hu),,a

Echi”.d.r”, D.WU,U,

Haten,,;a l~n.

Ut,)cul.ri, Qli”x.a

Utric./ar;a florid...

MvriOphv//um laxum

Pti//,n”ium “Odoum

M.vsa flu”;a,;lis

Rhex;. a,{,,au

P,l,and,a W;ClwfO/;,

Mlcrwh”ul

Pink ,ickwed

Soathulate ,eedbax

ti !,1, b“rhedd

Green.fringti orctid

Dwarf bl,dderwc.rt

FIn ida bladderwort

Loom water.m ilfoil

Sa!ann.h M$hovweed

Stream b.m.s*

Awn.mtal,d meadow h,”lv

White arrow.erm

x

x

x

x

x

x

x

x

St.t.wih conmn
(Thmatmti)

statewideCOmrn
(Threatened)

Stamwide cam,”
(Threatmmd)

Statewide CO.*C.
(~mat.md)

Statewide cancarn
(Threat8n8d)

Statewide co”mrn
1E”dan9arti)

National concern
(Thr.atenti )

Statewide con-r.
(Endangerodl

Of -n*r.
(Unr,sol”dl

R@gion.1concern
IThre.lenti)

Regionalconcern
(Threate..d )

A//J@to, m;s;s;o,ien,{s American alligator x Federal ati,”yrd

C!mm”s g.t,ata Spotted tu,tle x Specialcon-r. in S,C.
Hvla ,ndenon; fine hrre.s ,,,, f,cq Endanwred in S.C.
AfnbYSm, ,igri””m ,fgr?n”m E,,?,,. ,:ger salamander x Sowial con-r. in S.C.
Hvl. ..;Wa ~hie”sis Eastern hrd.voiwd tree frcq %eeial con-r. in S.C.

8Conflrmed in Xke., Bar.w. !l, or Allendal. Counties,S.C,
SOurcn: Greeter, S, EndangefA spcie, information for %.th tirolina. %.lh Grolina Wildlife and Marine

R.murcu D.pammant, P.O. Box 167, Dutti P(aza, 8uilding D, til.mbia, %.th tir.alna 29202.
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5. ENVIRONMENTAL IMPACTS FRW IMMOBILIZATION ALTERNATIVES

●
Potential impacts to the environwnt of the three alternative actions are descri~d in this
section. Potential environmental effects for the reference imbilization alternative wil1
be used as the base for discussion. Potential environmental effects for the delay of reference
innnobilization alternative and the staged process alternative wi11 not be repeated unless they
differ from those given for the reference insnobiJization alternative.

5.1 REFERENCE IMMOBILIZATION ALTERNATIVE

5.1.1 Construction

5.1.1.1 Land use and socioeconomic impacts*”

For the reference itnnobilization alternative, the number of construction workers required wi,l1
approach 5000, including 4200 craft and 800 management+ and other workers.1 Oepending on the
schedule of the Vogtle Nuclear Power Plant, with a wrk force peaking in 1983 or 1985 (assuming
a two-year delay for worst-case analysis), the numbev of Potential in-movers* into the PrimaTY
impact area wil1 range from 87o 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 psak work force at Vogtle
in 1983, the projected 410 school-age children associated with the OWPF are not expected to
affect any of the primary impact area counties except Barnwel1 County, where enrollmnts in the
cities of Barnwell, Williston, and 81ackville may increase around 1.3%. If the peak work force
at Vogtle i“sdelayed two years unti1 1985, the projected in-migrant 700 school-age children
associated with the OWPF may have a significant impact in the city of Barnwel1, 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 BarnwelJ County relocate in the city of Barnwel1. AdditionallY, the
700 school-age children may have an impact on the school systems within Allendale and Bamberg
counties because in 1986 a shortfal1 in school capacity is expected to occur; however, the OWPF
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 19B3, the expected 2100 in-rover population attrib-
utable to OWPF peak construction in 1986 may increase the potential housing demand in 8arnwel1
County by 10%, adding to a Preexisting shortage of multifamilyy hon!esand mobile home units.
If the peak construction period at Vogtle is delayed until 1985, the expected 3500 in-movers
associated with the OWPF in 1986 wi11 increase the demand in Barnwell County for multifamily
and mobile home units by 15%. Additionally, the 3500 in-movers for the OWPF may also add to
the already significant shortfall in housing in Allendale and Bamberg counties, but the OWPF
contribution to this shortage wil1 be less than 0.5% of total demand.

*
Assessmnt conclusions in this section are based upon Socioeconomic Assessment of Defense

Waste ~ocessi~ Facility Impacts in the Savannah River Plant Reg50n by E. B. Peel1e, J. H. Reed,
and R. H. Stephenson, ORNL/TM-7893 unless otherwise noted.

‘The construction industry average of 16.5% overhead, and support staff for nuclear power
projects was used in calculating total work force for this project.1 Hence, it is estimated
that 800 management and support workers wi11 be required. Oifferent estiwtes utilizing 8%
overhead and support staff were presented by du Pent construct on departmnt, as shown in Figs.
3.11 and 3.19. The higher estimtes add conservatism to the socioeconomic impact assesswnt.

*
Because of model and data limitations, “in-movers” as used here also includes sornsmekly

travelers as wel1 as workers who move into the area. (Weekly travelers are those workers who
1ive near the work site during the week and travel how only on weekends.)

s-1
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T#bl@5.1. Socioeconomic impact.. Primary imPact area from the co.str.cxion of the reference immobilization almrn.tiv.,
V.amle . . schec!ule 1986 DWPF Peak ●

Baseline
Popu!ati.. schools

work force=
Cwnt”

Increase lncrea,eb Housing
.OOwl, ti.n

19s6
(0wP6\commute~s’ \n-miQ, antsd \DwPF) demand .,upply

No. (%) No, (%)

SOu*Carolina

A,ken

A(lendale

B,mberg

R.r”well

G..amia

Columbia

Richmond

Totale

115,650

11,550

23,050

46,625

193,250
——

409,400 3,900

425

25

25

150

40

200

1,040

60

55

360

100

870 2,100

(0.9)

(0,5)

(0.3)

(1.6)

(0.2)

(0.3)
.

(0.5)

196

13

11

73

20

96

(0.6)

(0.51

(0.3)

(1.3)

[0.2)

(0.3)

Adequate

Shovtqe ‘n single family units.
OWPF d,mand<O.1% of

tnca( demand

Shortme in single family units.
DWPF demand <0,1% 01
total demand

Shortage in mobile home and
multi family .nics, DWPF

demand = 2%.

411

p.b,;c .em;ms: NO n.timable imOaCC. . po(im #nd fire sew ices. Negligible warer and sewer demand increases.

Public finance: Mcderate impacts. NO DWPF proper?v tax paid to Imal jurisdictions, Additional tax revenue from new work.,

homes oromrtv twes, sales and use taxes mav not eaual cost of services.

ECO.Om;C ba,e: Significant impact o. area economic base from S65.8 million in direct salaries. Slightly fewer indirect and

induced jobs than for reference cam with Vogtle delayed. Some inflation in Iwal price!, increases i. local wage rates, and
,{* i“ con,”me, demand.

Roads and traffic: Minor imoacts OH the site. Major .n$ite congestion may occur during shift changes.

Land use change: NO n.ciceable imo.cts. Normal gfwlh .han~s will wershadw DWPF effects.

H;sror{ca/ and amheo/cgica/: N. impact. Five Barnwell historic $ites may be disturbed by commercial and residential de.eloPment.

‘Lmal movers (250) not included. T.f.l overall = 5000.

‘Entire increase assumed %. occur in one year. Peak in-migrant enrollment i$ divided by total St.de”c enrollment.

‘Jobs find by existing residents. lndivid.al county commuting tot,ls are .otgi,en because (1) 811will be @.isti”g resident! wh.se
road use in home areas is already felt, and (2) maximum traffic impacfs asw., kers converge . . the roads near the SRP were found not
to affect levels of gervice significantly.

‘Some weekly [,,”,1,,, i“cl”d,d. Most are )0,.1 “o”,, cdtegor”.

“N.mber$ may reflect rounding errors,

‘!rnDacts apoly to .(1 mu”tie% in orimary impact area.

Only minor impacts on fire and police services (up to a maximum of three additional pOliCe
officers and seven additional fire personnel per county) wi11 occur despite the peak construc-
tion period at Vogtle occurring in 1983 or 1985, The in-movers associated with the OWPF are
expected to have negligible impact on the demand for water and sewage services in relation to
the overall demand.

The OWPF construction work force wi11 contribute to the local economy of the area directly
through the payment of income and property taxes, 1icenses, and user fees and indirectly through
the purchase of goods and services in the local area. To the contributions of the z~nstruction
work force, particularly those who are in-movers, wi11 also be added the dire~t pUrctiaSe Of

goods and services within the area for the actual construction of the OWPF. The eccnomfc bene-
fits accruing to the primai-yimpact area wi11 be offset by increased local governmental 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 not.malgrowth and development in the area independent of the OWPF.
Construction of the OWPF wi11 not e“tai1 the acquisition by the Federal government of any
additional property.
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Table 5.2. Mmca.omi. imPmt on Primaw imPacl area of reference immobilization alternative wiIh Vcqtle

delayed – construction 1985 Vcqtie peak, 1986 DWPF Peak lmatiim. m Impact case)

Poo.latiOn

Co.”lv Population Work force” increase

1986 commuters’ I.-migrantd ~oflF)
(%I

%.th Carolina
K!ken 115,600

Allendale 11,550

Bam&rg 19,275

Ba,nm!l 23,050

Georgia

Columha 46,625

Richmond 193,260

Total’ 4G9,400

630 1,530

45 110

45 110

29a 6W

70 165

375 9cil

3,3m 1,4= 3,5W

[1.3)

(1 .0)

(0.6)

(3.01

(0.3)

(0.51

(0.9)

2chcalC
Increase Housing:

(DWPF) demandsuDPl”

No.

300

23

21

140

33

179

E

(%)

(1 .2)

(<0.81

(<0.5)

(2.6)

(<0.3)

(<0.5)

(<0.81

Sligh? shortage in multifamily

and motile homes

Shortage in sin91e.familv units;
DWPF demand, <0.5% of

total demand

Shortage in single-familv units;

OWPF demand, <0,5% Of

total demand

Shorta9e i“ mobile home,
DWPF demand = 10 + % 0{

total

Adequate

Ade.a”aKe

General impacts’
PuWic ewices: wknor impac% o“ police a“d fire services, Negligible imo~ts o. waler and sewer services because .f current e.cess

CaP,c, w.
tiMIc finance: Moderate impacts N. DWPF or.pertv tax paid to local g.vevnments. Additional fax revenue from oew pr.perw tax and

salesa“d use m.es may not equal .wst OFsewices.
Economic base: Significant impact from W6 million worker WIaries and ad~ti.na! in~,ect a.d ind.ced $~la,ies. ~me ‘nflation ‘n 10cal

uric.,. increase i. Iccal wage raw$ and $won9 cons. mr demnd.
Roads and traffic: Minor impac% of fsiw. Maim onsite congestion mw b crealed at shift cha”ws.
Land v= cII.”F: Minor impacts Normal gr.ti I overshadows DWPF impacts exmDt fw possible m.able home increases in Aiken e.d

Barnwell .wnties.
Histo,icai and.rchaeolog;cel: N. impact expected. Five Bar”wll National Historic Register sites may te affecred bv a.cillary r.side”tial

and commercial devel.pme”t.

e Local movers [2GQ) nor i“cludd. Total work force = ~OO.
b Entire increase assumed to occur in one year. Percentage is calculated w dvidng peak enrollment bv total st. den~ enrollment.

‘Job filled w local residents l.dvid.al co.ntv ..mm.ler totals are ..1 give” because [11 all will be existing res!de”ts whose road use in

home areas is already felt, a“d (2) maximum traffic impacti as workers converge . . the roads mar the SRP were found not to affect levels of

wwice significantly.

‘Some weekly travelers incl.~d in troth immigrant and Imal mover categories.
‘Discrepancies may occur as a result of rounding.
‘Impacts apply w all counties i“ primw imv%t area.

No direct impacts from the DWPF on area historical or archaeological sites are expected,
although the five sites in Barnwel1 1isted in the National Register of Historic Places COU1d
be disturbed by antinary comrcial and residential development in the area.

Additional traffic increases can be expected on roads leading to SRP, particularly fromAi ken,
Augusta, and Barnwell, because of increases in construction wOrker cO~utl f19. These maJOp rOads
are multilane highways; S’Onormal traffic congestion during periods of construction worker tom-
muting is not anticipated to reduce highway capacity below an acceptable level of service
(Appendix E.9).

The most significant econmic 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
input/output multipliers, might be created in response to the Payrol1 of $66 mil1ion in the peak ITC

year. These jobs will create additional consumer dzmand throughout the area and, in turn, create

a

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 OWPF.



5-4

5.1.1.2 Nonradioloqical impacts

Construction safet~

Construction of the DWPF is exPected to be the responsibility of E. 1. du Pant de Nemours &
Cmpany, DOE’S prime contractor for operation of the SRP. Ouring 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 Pent Construction at SRP
achieved eleven mil1ion man-hours of work without a lost-time injury. For that year, the
acc~dent rate for Du Pent Construction forces at SRp was 0.10 lost-time injuries per 200,000
exposure house, the normal units of the National Safety COunci1 (NSC). This rate is almost
forty-fold better than the 1980 NSC average of 3.89 for the construction industry overall.
Figure 3.14 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 OWPF
construction project at the 1980 rate, versus 500 for the project at the construction industry
average rate.

Terrestrial ecology

The OWPF wi11 require approximate y 60 ha of land to be comnitted for the 1ife of the project
and an additional 40 ha to be altered by construction activity. Up to an additional 40 ha my
receive some construction impact. Construction of the OWPF 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 carolina bay). The remaining area to be lost now consists of forests of
loblolly, slash, or longleaf pine.

Construction of the OWPF wi11 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
local1y important reproductive habitat (Sect. 4.6.1) that supports a much larger, but undefined,
area, which is characteristic of al1 carolina bays. The loss of Sun Bay would have an imps’t on
the local 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, however. A local population of the creeping
water-piantain Ech<mdom.s pmlu~ and the spathulate seedbox.Ludwigio spathulata WOU1d be
destroyed along with Sun Bay. The potential terrestrial ecological impacts of construction at
the S-area include removal of hardwood forest and the loss of Sun Bay as a breeding area for
upland species.

A 15-ha ZOO-Z site has been proposed for burial of salt adjacent to Road F imdiately north of
S-area. The entire area is forested in pine, approximately 20% loblolly, 27% longleaf, and 53%
slash pine. No terrestrialecological 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,

Wonradiological emissions expected to vesult from construction of the OWPF wil1 be similar to
those for construction of any industrial facility of comparable size. These would result pt.i-
marily from construction equipment, truck traffic, and site disturbance and consist of small
quantities of carbon monoxide and hydrocarbons from engine exhausts as wel1 as suspended partic-
ulate or dust from ground surface disturbance. Oust can be controlled during hot dry wsather
by wetting the ground surfaces.

Aquatic ecology

Aquatic ecosystems in the vicj”ity of the proposed DWPF site wil1 be affected by construction of
the (1) main facilities; (z) rai]mad 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 consty”ction activities are (1) increased erosion and subsequent
Stream siltation, (2) water chemistry cha” es and increased flow in streams receiving groundwater

?“during dewateri”g of excavated areas, and 3) disturbance or destruction of a carolina bay on
the construction sites (see Sect. 6 for ~eg”lations 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 a“d mitigating measures employed.

Whenever land is de””dad of vegetation, a potential for greatly increased rates of erosion
exiSts and, as a result, increased ~jltation can occur in streams drai”i”g the disturbed site.
Some of the factors that determj”e the extent of increased stream siltation resulting from
construction activities are the proximity of these activities to streams, land slope, SOil tYpe,
and rainfall.
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● The adverse effects of siltation on aquatic organisms and their habitat are wel1 docu~nted.
Increased siltation wi11 reduce primry productivity, reduce populations of benthic inverte-
brates, and eliminate som fish spawning and feeding habit downstream.2-11

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 backwater stream.
In addition, construction could significantly modify the valley and channel of a SIM11 pern!anent
tributary of Upper Three Runs Creek at the east end of the site, increasing the potential for
siltation problems in both streams. Increases in suspended sedimsnt concentration in Upper
Three Runs Creek or its tributaries could result in reduced prin!aryand 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 (ZOO-Z) 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 biota quickly
recolonize after the disturbance has ceased.s The adverse impacts from construction on Upper
Three Runs Creek and its tributaries my be significant but will be largely limited 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 Upper Three Runs Creek basin in the past (SRP facilities
at F- and H-areas), and the stream has recovered. However, because Upper Three Runs Creek is
the only stream at the SRP that does not have major disturbances, its degradation during con-
struction activities could adversely affect the fish connnunityto a greater degree than degra-
dation of one of the other SRP streams.

Excavation for the main process buildings will require local dewatering of the Barnwell Formation
and pumping to lower the piezowtric head in the McBean Fovmation (Sect. 4.5.2). 0ewaterin9
will be conducted at a rate of 12 to 65 11s 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 S-area,
increasing its 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 less than 6 mg/L, and tOtal,dissolved sO!ids
Of less than 30 mg/L (Appendix G. Table G.2). The McBean FOrmatiOn has twO dlstlnct s!bunlts,
an upper Eocene sand with water quality characteristics similar to the Barnwell FormatIon and a
lower Eocene limstone 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 unnawd tributary draining S-area to
which dewatering volumes will be released is similar to the groundwater of the Barnwell and
upper McBean formtions 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 unnamd 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 calcium concentration of about 2 mg/L and increases in total dissolved
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~imes occurs at the confluence with Upper Three
Runs Creek, effects on the latter stream will be negligible as w1l.

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 sediirentfences, 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 OWPF 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 ecological impacts of elimi-
nating Sun Bay (one of about 200 on the SRp site). IJOEhas requested SREL tO cOnd!ct comprehensive
ecological studies at Sun Bay and another similar wetland – Rainbow Bay (as.basellne fOr compapi-
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 ecological impacts
of constructing the proposed OWPF at the S-area. Reports will be published annually to documnt
the study results.
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Mitigation

An erosion and sediment,control Plan will be formulated to mitigate potential impacts from the
construction and OPer?tlo~s phases of the facility. Control methods will consist of two basic
types! namelY. stablllzatlOn and retention of materials in place and entrapwnt of transported
materials prior to dl:charge off the site. In situ erosion control methods will consist of one
or more of the followlng: (1) vegetative cover; (Z),mulches, including stone, wood chips,
fiber, straw or other.suitable materials; (3) tacklflers, including asphalt emulsions or chemical
stabilizers; (4) netting, anchors, riprap or similar physical restraints; and (5) controlled
surface flow by interceptor or diversion ditches, check dams or similar structures. Entrapment
of transported materials can be accomplished by the use of sediment basins, filters, flocculent
or similar measures.

●

5.1.1.3 Construction radiological impact

Because the proposed site for the DWPF is within and part of the DDE-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 construction site averaged 0.’23InR124h. 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 cotmnitwnt from the inhalation of radionuclides
released to the atmosphere from existing SRP operating facilities is estimted to be 0.4 millireml
year. Resuspension of previously deposited radionuclides is not a significant exposure pathway
as determined by radiological surveys. All doses are well below the standards established by
00E for uncontrolled areas (500 millirems per year);13 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 monitored not
only to preclude any exposure to personnel above existing standards for working in controlled
areas13 but also to maintain exposure levels to as low as reasonably achievable.

5.1.2 Operation

5.1.Z.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 enVOllment inCreaSeS are
expected to be minimal. These numbers, when distributed throughout the impact area,* are not
considered significant for public services or other factors. Sune econmic turndown can be
anticipated when construction ends and operation begins. Salaries of the direct workers amount
to $Zl million and will sustain only sme (about 2900) of the potential 15,000 indirect and induced
jobs created during the construction period. This decline in emplo~ent will have some impacts
on local commercial receipts if excess expansion of local econmies has occurred. However, the
decline in emplo~ent would have occurred earl~r, after the completion of the Vogtle project,
had OWPF not been built. Thus, opevation of the DUPF represents a net gain of 700 permanent
jobs to the area.

5.1.2.2 Nonradioloqical impacts

Terrestrial ecology

The major impacts to te~~estrial ecosystems wO”ld OCC”P d“~ing the construction phase (sect.

5.1.1.2) when the plant site will be converted fpo~ natut.al vegetation or pine plantation into
an industrial complex The ope~ation~l impacts discussed herein are less severe.

A small power plant [@O MW(t)] will burn 5300 kg/h Of coal. The plant will be equipped with
both electrostatic precipitators and scrubbers to e“s”re that all atmospheric emissions from
burning coal will be with+” regulated limits. Estimated releases are shown in Table 5.3.
Approximately 6.0 x 106 kg/year of ash will be generated from the burnin9 Of Coal, includin9 the
Particulate retained by the electrostatic precipitators. Ash will be sluiced to ash basins,
which have been designed for eight years’ service. Assuming that the oWPF will operate for
Z8 years, additional ash disposal capacity will be required. e

*
Unlike the co”str”ction work force, operational workers are expected to distribute them-

selves thro”gho”t the six ~o”nties in the saw patter” as do c“rve”t per~nent workers at SRP.
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TaM. 5.3. Estimated releas of ..anr.di.aactive Pollulane from tie Powerhouse t. tie atmosphere

Estimated
S.c.

Emission r,t,a
SC, air Annual average

M,teri81
Emission rate ,mi,, ion annual averaw

amben,

(kglh ) (lbll~ Bt.) standards co”ce”t’’t’o” a,’

(lb/l@ Btu)
,, ,,te toundar”

@g/m3)
qualiw standards

(u9/m3 I

Particulate 2.3 0.04

Sulfur oxides, SOX 20 0.32
Cartin men.. ih, CO 2.7 b

Organic, a, methane 2.7 b
Mtrogen oxide,, NOX 41 b
Aldehy d,, 0.01 b

Carkn dioxi&, C02 17,W0 b

SFrom the .om M$ti.n of 5,300 kg/h of ..81.

*NO emission standards for coal-fired P.-r P1anfs.

‘NO air qualiw !tandards.
5aurce: EID, %ctio” 3,

0.6

3.5
b

b

b
b

b

0.006 75

0.05 60

0.007 m

0.007 c

0.11 100

0.00003 c

44, c

Condenser cooling and air conditioning will be accomplished by mechanical-draft cooling towers.
Makeup water wil1 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 10-4 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 TOS) is not 1ikely to lead to ecological damage.

Chemical wastes that have the potential for degradation of the terrestrial environment wi11
arise from equipwnt wash down, coal pile runoff, ash basin effluent, and spills. These liquids
are to be directed to a chemical wastewater treatment facility and ultimately discharged to Four
Mile Creek. Oried 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 wi11 be treated in a package sewage treatment plant. Treated sewage effluent from the
proposed OWPF will be disposed of by mans 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 soi1 column. Saturated soils becom depleted
of oxygen and cannot support the kinds of upland vegetation found in the SRP. Once saturated,
added nutrients are no longer 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.

Nonradioactive solid wastes, generated at the rate of 340 m31year, wi11 be disposed of in an
existing landfi11 on the SRP. No significant increase in landfil1 area wi11 be required to
accommodate the waste load.

Atmospheric emissions wi11 com from the power plant discussed previotislY.diesel 9enerat0rS,
and from process gaseous releases. Gaseous releases from OWPF process operations are expected
to be 7.7 kg/h C02, 450 g/h NOX, and 23 g/h NH3. These releases are smal1 and are not expected
to have adverse environmental impacts.

Emergency power wi11 be supplied by diesel-powered generators. Testing of generators wi11
consume 18 m3 of diesel fuel annually, less than that used by one truck hauling comrcial
freight. Atmospheric emissions are expected to be proportional to fuel use.

Aquatic ecology

Principal impacts on aquatic ecosystems resulting from operation of the OWPF are wastewater and
stormwater discharges to nearby streams. Effluents from industrial wastewater treatm3nt faci1-
ities wi11 be piped and discharged to Four Mile Creek. Stormater wi11 be CO1lected and dis-
charged to tributaries of Upper Three Runs Creek.
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Sources and avera9e flow rates of nonradioactive wastewater to the industrial waste treatmsnt
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 wi11 be variable. *cause 95% of
the waSteWater flow wi~1 be effluent from the ash basin, comparison with ash basin effluents
from other SRP faci1itles with coal-fired powsr plants wi11 provide a reasonable estimate of
wastewater qualfty 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 sow times PH. chromium, iron, and zinc in the ash basin effluent exceed
water quality criteria. Dvorak et al. have indicated that barium, boron, chromium, n!ercury,and
selenium concentrations in leachates from the ash generated in coal combustion can exceed U.S.
Environmental Protection Agency drinking water standards and are of particular concern.lb
Although barium and boron concentrations we?e not wasured (Table 5.4), among chromium, mrcury,
and aluminum, only,chromium concentrations appear to be high in SRP ash basin effluents. The
effluent from the Industrial waste treatment facility wil1 be treated to comply with applicable
NPDES permit requirements.

Table 5.4. C.nmntration .f various parameters In ah basin effluents

frmn three fmilities on Um SUP site and c.mwrim. with water qualiw criteria

Drinking water Protection of
Parameter F-area H area P-area

$tandarfl freshwater hot?

Flow, L/,
PH. range

Suspended solids

Arsenic, pglL
Cadmium, pg/L

Chromium, gg/L

tipper. u91L
iron, PglL

Lead, UBIL
Mercury, Pg/L

Nickel, pg/L
Snlenium @g/L

Z.., pg/L

<1-35

4.1-7,5

mg/L 2–7
<10

<10

<1O-EU
<10-40

aO-250
<10
<0.2

<10-55
<10

<15-117

<1-22

4.8-7.6

1-10

<10-18
<10

<10-10

<10–40

80-W

<10

<0.2
<>o-za

<10

<10-40

<1-1s

a.5-7,9
3–27

<10
<10

<10-15

<10–14

1254W0

<10
<0.2

<10–55
<10

<1 0–32

6.5-6.5

50

10

50

low

300

50

2

10

5000

SW- 1d

0.4-12
100

aO-7ti
Im

Zn-ld

0.05

lW

Io-ld

‘Data from U.S. Environmental Protection Agency, Oualitv Criter;a for Water,
EPAd401!3.76a23, July 1976.

bL.awest range of values that have been shown 1. have an adversn effect on various aquatic
orgamim< in low elkaliniw watn,s similar to those .1 SRP (from US. Environmental Protection

4e.cv, O.aiirv Criter;a for Water. EPA44019 -76.023. Julr 197al.
Sour= NPDES Ois=harse Monitoring Reports covering pericds from Apr. 1, 1%0 to &pt, 1.

1960, Permit NumLwr SC W175 t. E.1. d. Pant de Nem..rs and CornWny for Owrati.ns at tia

SRP site.

Effluents frm the industrial and sanitary wastewater treatment facilities will be pumped and
discharged to Four Mile Creek. Average discharge frun the industrial wastewater treatment
facility will be approximately 0.7% of average strem flow, or 2.5% of minimum daily flow, in
Four Mile Creek just upstrem of the confluence with C reactor heated effluent. Thus, average
stream flow wi11 dilute wastewater effluents from DWPF operation to Four Mile Creek by about
100 times, and minimum flow wi11 provide about 40.fold dilution. Impacts on watev quality and
aquatic biota of Four Mile Creek as a result of this additional wastewater discharge from OWPF
facilities will be negligible, Four Mile Creek already receives large volaes of industrial and
sanitary wastewater (Table 4.16), which mount to more than 20 times the projected effluents
from OWPF Operations, and its water quality a“d biota are degraded (Sect. 4.6.2).

Oischarge of stornnvatercollected from the DWPF site during operation will have no significant
impact on Four Mi1e Creek a“d at most only mi“or.impact O“ Upper Three Runs Creek. Upper Three
Runs Creek currently recei!es stormwater drainage from part of A-, F-, H-, and M-areas via
tributaries.

There wi11 be negligible impact on aquatic ecosystems as a result of operation of salt disposal
facilities at the prOposed 2013-Zarea (seCt. 5.4).

a
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Monitoring12

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 wil1 continue for several years if significant construction impacts are observed.
Other monitoring wi11 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,
aPPrOPrlate mitigation wasures wi11 b taken.

5.1.2.3 Radiological impacts

The radiological impacts of the OWPF are assessed by estin!atingthe 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
faci1ity are represented schematicallY in Fig. 5.1. External doses result from imersion in
contaminated air, subwrsion in contaminated water, and exposure to contaminated ground surfaces.
Internal doses result from the inhalation of contaminated air and the ingestion of contaminated
food and water.

Where site-specific information is not available, conservative assumptions (which tend tO ~xi -
mize the dose) are used; for example, in calculating doses from atmospheric releases, the indi-
vidual is assumed to be exposed to contaminated air and ground surfaces for 100% of the time
with no shielding. Further, all food consuwd is assured 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 radioactive
decay. Thus, the dose calculated for an individual for one year of radionuclide intake repre-
sents the total dose he wil1 receive as a result of that one year’s intake integrated over the
next 50 years (his remaining 1ifetime), that is, a 50-Year dose co~it~nt. In this report, all
internal doses are given as 50-year dose commitments. The wthodology and assumptions for
estimating doses to man from airborne and aqueous releases are presented in Appendix J.

Maximum individual dose comitmnt from airborne effluents

The maximum doses to the individual (1iving 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 processin9 faciliti~s. TO accOunt fOr differences
in eating patterns, 1ife span, etc., doses an calculated for an Infant, child, teenager, and
adult when considering mximum dose conunitwnts. During the processing of 5-year-old waste, the
highest total-body dose (O.0083 mil1irem per year of operation) is to the “child” and primarilY

results from the Canyon operation (99%); the n!ajorcontributing 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 iodine-129 (97.7% of the
dose) released from the Canyon exhaust stack.

The doses resulting from processing 15-year-old waste are 1isted in Table 5.6. The highest
total-body dose (0.0062 mi1lirem per year of operation) is about 75% of the highest dose from
processing 5-year-old waste hcause of the decay of the shorter half-1ife 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-1ife of iodine-129. The contribution of major
radionuclides to dose is presented in Table 5.8.

The total body and organ doses of the n!aximallyexposed individual resulting from the processing
of both types of waste are only a sn!allfraction of the applicable 1imits established by the
Oepartwnt of Energy regulations (500 mi11irems per year to the total body, gonads, and bone
marrow and 1500 millirems per year to the other organs).13

Additionally, the total body dose to the maximallY exposed individual from the routine airborne

a

releases of the OWPF (0.0083 millirem per Year of operation) is only 0.007% of the norml back-
ground radiation to area residents of 117 millirems per year. Thus, the maximum doses to the
individual represent only a very smal1 increase in the radiation dose above background.
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Table5,5.Maximum5sYear dmo commitment to llm i.dividuap +rotn routine

annual aifb.ar.e releaaeYfrm the OWPF - 5.year.atd watie

Dose commitmanp (millirem)
Facility

Total bodv Bone Thvroid L“”,, Kidneys

canyon oDeratio”
Regulated chemical facility

Sal,crete plant

Total

canyon operation
Reg.lared chemical facilily

SaltCrete plant

Total

Canyon operation
Regulated chemical facility

Saltcrete plant

Total

Canyon operation
Regulated chemical facility

Saltcrete plant

Total

Infant

1.4 E-~ 4.OE-3
4.1 E-5 4.1 E-5

7.9 E-5 7.9E.5

1,5 E-3 4.1 E-3

Child

8,2E3 3.1 E.2
4.4 E-5 4.4E.5

8.5E.5 8.5E:5

8,3E3 3.1 E-2

Teen

5,2 E-3 1.9 E-2
4,5 E-5 4,5E.5

8,6E5 8,6E.5

5.3 E-3 1.9E2

Adult

4.4 E-3 1,5 E-2
4.4E.5 4.5E.5

8.6E 5 8.6E .5

4.5 E-3 1.5E.2

l.l E.1
4.1 E-5

7.9 E-5

1,1 E.1

1.3 E-1

4.4E.5

8.5 E-5

1.3 E-1

1,4E1
4,5 E-5

8.6 E-5

1.4 E-1

1.8 E-1
4,4E.5

8,6E5

1,8E.1

1.5 E-3

4.1 E-5
7.9E.5

1.6E.3

8.4E.3
4,4E.5

8.5 E-5

8.5E3

5.3 E-3

4.5 E-5

8,7E5

5.4E.3

4,3 E-3
4.4E.5

8.6E5

4,4E.3

1,5 E-3
4.1 E.5

7,9E5

1,6 E-3

9.6E3
4.4 E-5

8,5E.5

9.7E3

5.9E 3
4.5E.5

&.7E.5

6,0 E-3

4.6 E-3
4,4 E-5

8.6E.5

4.7E.3

‘Maximally exposed individual is assumed to be 81 the nearest bo..d8ry approximately

10,5 km downwind from the Plant effluent.
bper year of operation.

CReadasl.4 X 10-3.

Population dose commitments from airborne effluents

As described in Appendix J, al1 population doses are 100-year environmental dose conunitments
(EOC). Appendix J-3 presents a detailed discussion of the EOC concept. The 100-year EOC 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 radioactivity.

Population dose to the reqional population (within an ~-km radius of the OWPF)

The 100-year environmental dose commitments (EOC) for various age groups of the projected Popu-
lation for 1990 (reference-case faci1ity) during the processing of 5-year-old waste and 15-year-
old waste are 1isted in Table 5.9. The dose commitment for the total body from exposure to the
airborne effluents of processing 5-year-old waste is O.38 man-rem; the comparable dose from
processing 15-year-old waste is 0.25 man-rem, or about 66% of dose from the 5-year-old waste.
The highest organ dose – 11.O”man-rems to the thyroid – results primarilY from the ingestion of
iodine-129. Since 1291 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 CO1lective 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 OWPF

@

is estin!atedto be 7.1 x 10’Iman-rems (assuming an average background dose rate of 117 mil1iremsl
year). The highest total-body dose of 0.38 inn-rem is only 0.0005% of the background dose;
thus, the population environ~ntal dose coimnitmentsresulting from norwl operations of the OWPF
represent only very small increases in the population dose above background.
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Table5,6,Muim.m 50.y@ardom ..anmitme.tt.thei.divid.a~fromroutinea.rILul
airborne,de,IM9r.amtheDWPF - 15.”ee,+ld wwte

Dose commitment {milliraml

Facility
ToT,! btiv Bone Thyroid Lung, Kidoeys

Infant

Canyon operstion
Regulated chemical facility

Saltcrete plant

Total

Canyon .per*tiOn
Regulated chemical fa.iliw

SaltCrete plant

Total

Canyon okration
Regulated chemical facilily

Saltcrete plant

Total

8.9E.4’ 2.8E3
2.3E.5 2,3E.5

4 SE-5 4.5E.5
—.

9.6E4 2.9 E-3

Child

6.lE.3 2.3E-2

2.5E.5 2.5E5
4,8E.5 4,8E.5
—
6.2E.3 G

Teen

3.6E.3 1.4 E-2

2.5 E-5 2.5E.5
4.9E.5 4.9E.5

3,9E.3 G

Adult

3.2 E-3 1,2E.2

2.5 E-5 2.5E.5
4,9E-5 4.9E.5

K x

l.l E-1

2.3E5
4.5E.5

1,1 E-1

1.3E.1

2.55.5

4,6 E-5
—

1.3 E-1

1.3E-1

2.5 E-5

4,9 E-5

x

1.9 E-1

2.5 E-5

4,9 E-5

x

8.7E4

2.3 E-5

4.5 E-5
—
9,4E.4

6,1 E-3

2,5E.5

4.6E .5
—

6,2 E-3

3.7 E-3

2.5 E-5

4.9E.5

E

3.1 E.3

2.5E.5
4.9E.5

3.2 E-3

9,9E.4
2.3E.5

4,5E.5
—
1,1 E.4

6,3E.3

2.5E.5
4 .8E.5

6.4E.3

3.8E.3

2.5E.5

4.9E.5

3.9E .3

3.OE.3

2,5E.5

4.9E.5

G

aMaXimal\Y exposed individual is assumed to & at the nearest bundarv approximately

10.5 km dow.wi.d from the Planl effluent.

bper v,,, of OWration.

‘Read ,, 8.9 X 10–’,

~w Radionuc fide
Pe,mnt of dose

9r0uP Total wv Bone Thvroid Lunas Kidnev$

Infant ‘H
,.~,

!O. RU
,29,

,3, C,

Gild !H

‘%,
!068”
,29,

I,, c,

Teen 3H
,.~,

) ..Ru
129,

‘“CS

Adult 3H

‘“sr
!06RU

!29,

‘“c%

1,5 0.54
47.0 M.2
24,1 10,7
13,1 8,9

13.5 12.31

0,74 0.20

al .2 9D.6

5.6 4.4

2,6 1.4

3,2 2.9

1,2 0.33

m,z 90.6
7.6 4.4

6.7 1.4

5,8 2.7

1.4 0.42

74.9 90.2

9.5 4.5

6.5 1.4

7,9 2.7

0.02

0.62

0,26
96,9

0.14

0,05

5.4

0.30

9.,0

0.17

0.05

3.1

0.24

%,4

0,20

0,04

1,9

0.16

97.7

0,17

1,4

43.1

31.8

10,0
12.5

0.73

85,9

7.8

2,4

2,6

1.2

79,0

11.5
4,0

3,9

1,7

76.5

11.4

5.9
4.4

1,1
44.8

m. 1
15.7

16.0

0.04
14.1

16.7

3.7

3.6

1.1

71.5

18.2

3.9

4.6

1.4

71.8

16.9

3.5

5.3
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Tabla5.8.Contrituti.mtod- bvmajorrtim.ciidmr.1.-dInlh.
drborn.Ml M.taofti ~w.anaxha.$t,Uck-1 E-year4dwsm

As Radionu,!;de
Permnt of dow

9,.UP Total MY Bone Thyroid Lungs Kidnevs

Infant 3H
,.~r

,06RU

,.9,

,,7C,

Child ‘H
,.~r

,oi”Ru
,,9,
!,, c,

Teen ‘H
,.~,

,.6RU
,29,

[,?c$

3,0
58.3

O.w

20.9

17.0

0.57

92.1

0.01

3.8
3.5

0.93

86.2

0.01
6.4

6.4

1,1
72.0

0.02
12.4

13.6

0.15

94.6
0.01

1.9

3.0

0.25

94.5
0.0
1.8

2.8

0.03 3.9 3.3
0,49 w, 1 52.9

0.00 O.m 0.03
W,4 17,9 23.7

0.12 17.7 19.3

0.03 0.69 0.55
4.3 92.9 89.0
0.0 0.01 0.03

95.5 3.4 5.7

0.14 3.1 4.6

0.03 0.% 0.94

2.4 88.6 86.3

0.0 0.02 0.03

97.4 5.7 6.1
0.16 4.5 6.0

Adult 3H 1.1 0.31 0.02 1.2 1.2
,.~r 91.1 %.2 1.5
l..~u

85.3 96.0
0.01 0.01 0.0 0.02

1*91
0.03

9.0 1.9 99.4 9.4
137,-,

6.o
8.6 2.9 0.14 4.9 0.4

‘1
Tebla 5.9, One.hundrd.v.ar envir.mim.ml don wmmitnwnti for 1990

Pmiectad POwl.tio~ f r.m routine airbnrm relemes from the DWP F

Wste

dccw Aw 0.- lman.reml

Fri.d WOUP Toul MY Bone Thyroid Lunm Kid...,
(veara)

5 Infant 3.lE-Y 6.6 E-3 1,5E–1 3.1 E-3 2.9E–3

Child 1.2 E-1 4.2E-1 2.OEO 1.2 E-1 1,3 E-1

Tee” 3.6 E-2 l.l E-1 6.7 E-1 3,4E–2 3,6 E-2

Adult 2.2 E-1 6.2 E-1 7.6E0 2.1 E–1 2.1 E-1
—— —— —

Total 3,9 E-1 1.2E0 l.l E1 3.7E–1 3.8 E-1

15 Infant 1.7E–3 4.3E–3 1.5E–1 1.6E-3 1.6 E-3

Child 9,6 E-2 3.lE-1 2.OEO 8.OE–2 8.3 E-2

Teen 2.4 E-2 7.6E-2 8.7 E-1 2,3E–2 2.3 E-2

Adult 1.4E–1 4.5E–1 7.5E0 1.3 E-3 1.3E–1
—— —— —

Total 2.5E–1 8.4E–1 l.l E1 2,3 E-1 2.4E–1

‘Population do.ws within 90 km of tie plant fr.am a Im-yearexws.re Wricd to environmental media

c0nc8ntrations resulting f r.nn constant relemes over one year.
bProi~ted U.S. population from Bureau of Census, ~ries P.25 N.. 7W (J.ly 1977).

CTO be red as 3.1 X 104.



5-14

Population dose to the continental United States

of al1 radfOactive m?terials released by the DWpF which are susceptible to long-range traosport,
only,tritlurnand iodine-129 have a long enough half-1ife and a high enough I.eleaserate to be
cansldered In predicting dO$es tO the U.S. and ~rld populations. Table 5.10 1ists the 10o-Year
environmental dose co~ltme?t tO the Population of the continental United States frm routine
releases of tritium and fodlne-129 during the DWPF processing of 5-year-old waste and 15-year-old
waste. Total body doses for al1 age groups (0.009? man-rem per year from processing 5-year-old
waste) is an insignificant Percentage of the Population dose from natural background radiation.

,.,,., ,, t on..h”nd,ww”.n,,,o”mm,.,*O -“,,b,,..,,.
,.,“. ,090 m,.,.,,.” 01(h, . ...,”..,., U*,.,s,,,” a

(.,n,. .,00, ”.,...”,.,,“!,.,”m, ,*,* ,m
,,m *. OW.!=.

5 ,“,,., ,.6E-4C t .6E-4 ,.0.-3 ).s64
,,!1. ,7-3 >.7,-3 5.46-2 1.7E-3
T?!. 7.7,+ 7,7EA 2.5E-2 7.7s4
Ad”l, ,., s–3 7.16., 2.3-? 7.IE-,

~— _
To,. ,.7s-3 3.1E-? ,7, -,

,, ,“’,”, ,.0-, ,.OE.5 4.8,–, ,.0.5
ch,ld ,.6.4 9.6-. 5.2E-2 9.64
T,,” 4.4-4 44 E-4 2.5E-2 4.44
A,”), ,.! E-3 4.1E-3 2.3E-I 41E-3

—.
,.,,1 66E-3 56E-3 =~, 5.6E-3

.8,,.
.,,O1,.!,, “. s. ~.u, a!,.. from,Ure.” ., c,”, ”,, >,,.s ,.25 NO.

704(,”!, 1977,.
~R,,d.1.6x to-..

The 100-year EOC to the thyroid for the continental U.S. POPU1ation frm the release of iodine-
129 is 0.31 man-rem per year of operation and is only a sm.el1 percent of the comparable dose
frm other sources at present levels. Thus, the dose to the u.S. population frm 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 frm the releases of tritium and iodine-129 are shown in Table 5.11.
Any incyease to the world pop”l atio” dose above that, fr~ eXisting baCkg~O”~d SOU~CeS of t?iti”m

and .iodlne-129 is cons?,jered “egligjble. Oue to the long half-life and environmental transport
J-35 of iodine-129, this nuclide effectively becmnes a permanent addition to natural background

radiation.

,.,,. ,,,,,o.*h..*0em” .“.,m”mm,., do,. .mm,bn..,.
for. ,,q-iti wm,dww,fibnb-w,,m .,b.n ,,.””

,rm ,* .wPf “,.,,m.,mum”
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● Maximum individual dose commitment from 1iquid 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 1isted
in Table 5.12 for the processing of 5-year-old waste. The maximum dose to an individual is only
0.021 mi11irem per year of operation and results almost entirely from the tritium concentration
in the drinking water.

Table 5.12. maximum 50.year dole c.mmitmenta t. individuals from

liquid effluents of tie DWPF [processing 5.yesrold waste) released
into the 3a.ann@h River

Aw Aquatic Doseb (millirem)

9r0uP Pathwa”, Total bcdv Bone Th”r.aid Kidnev,

Infant Immersion in Waterc

Inges~ion of warerd

Ingestion of tishe

Toral

Child Immersion in water
lng%tion of water

I“gesrio” of fish

Total

Teen Immersion in water
Ingestion of water

Inge$rion of fish

Total

Adult Immersion in water

Ingesfion of water

I“qe,tian of fish

Total

0.0

2.1 E–2

0.0

2.1 E–2

1.2E–9

2.1 E–2

2.9E4

2.1 E-2

1.2 E-9

l.l E–2

3.6E4

l.l E–2

1,2E–9

1.6E–2

4,8E4

1,7E–2

0.0

2.1 E–2

0,0

2.1 E–2

1.3 E-9

2.1 E–2

2.9E+

2.1 E–2

1.3E–9
l.l E–2

3.8E4

l.l E–2

1.3 E-9

1.6E–2

4,8E4

1.7E–2

0.0 0.0

2.1 E–2 2.1 E-2
0,0 ~

2.1 E–2 2.1 E–2

9.2E–10 l.l E–9
2.1 E–2 2.1 E-2
2.9E4 2.9EA

2.1 E–2 2.1 E–2

9.2E–10 l.l E–9
l.l E-2 1,1 E–2

—e3.6E4

l.l E-2 l.l E–2

9.2E–10 l.l E–9

1.6E–2 1.6E–2
4.8E4 4,8E4

1.7E–2 1,7E–2

‘Internal doses are 50.year dose commitments for ..8 year of radion.elide inmke.
bper Y,,, of operation.

“Based on $wimmi.g i. the river for 1% of the year, except 0% for ,,infant.,,

‘Based on water intake .f 330 L/Yeer for ?.fant,,, 510 L/year for ,,child’, and ,teen,,,
,nd 730 Live,, for ,adult .,,

‘Based o. fish consumption of 0.0 kg/year for ,,infa.t,,, 6.9 kg/year for ,,child,,,
16.0 kglye,r for teen,,, and 21,0 kgl”ear for adult.,

The comparable doses fvom aquatic pathways resulting from the liquid effluents from processing
15-year-old waste are listed in Table 5.13. The doses are about one-half of those of the 5-year-
old waste because the additional decay tin!eresulted in the lower release rate for tritiurn,.
which contributed essentially 100% of the total dose from al1 pathways.

All doses from the processing of 5-year-aged or 15-year-aged waste are only a smal1 fraction of
the 00E standardsl3 for the maximum allowable exposure to the individual (500 mi11irems to the
total body, gonads, and bone marrow and 1500 mil1irems 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 ‘onunitmnts from 1iquid ef-

The Savannah River water is not known to be used for human consumption for a distance of about
160 km downstream from the OWPF effluent. Table 5.14 1ists the 100-year environwntal dose
conunitmentto the projected 1990 population within 80 km of the plant for the processing of

●
5-year-old and 15-year-old waste. The highest EOC (0.25 man-rem per year of operation) for the
CO1lective age-group population is only about 0.0004% of the comparable annual dose from natural
background (7.1 x 10U wn-rems). At about 160 km downstream from the plant effluent, a total of
69,5oO persons (estimated average for the years 1990 through 2020) wi11 take their drinking
Water from the river. At this distance, cmplete dilution by the river is assumed. Tables 5.15
and 5.16, respectively, 1ist the 100-year dose comitmnt for the population drinking river
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Table 5.13, Mwimum SO.ye.r dose c.ammitma.~ t. individuals from

tiquid effluents of the DWPF (pr-ssing 15.year.old w~te) released

into he %a..ah Rirer

Aw Aquatic Doseb (millirem)

9r.. P pathway, Toml bodv Bone Th.roid Kid.,,,

I .fa\t Immersion in Waterc

Ingestion of walerd

Ingestion of fi$he

Total

Child Immersion in water

Inge$ do” of water
Ingestion of fish

Total

Teen Immersion in water
Inwtion of water

Ingestion of fish

Total

Adult Immersion in weter
ingestion of wale?

Ingestion of fish

Total

0.0
1,1 E-2

0.0

l.l E-2

6.7E-10

l.l E-2
1.6E4

l.l E-2

6.7E-10
6.1 E–3

1,9E+

6.3 E-3

6,7E-10
8.3E–3

2.5E4

8,6 E-3

0.0

l.l E–2

0.0

l.l E-2

7.9E–10

l.l E-2
1,6E-4

G

7,9E–10

6,1 E–3

1.9E4

6.3E–3

7.9E–10

3,3E–3

2.5E4

8.6E -3

0.0 0.0

l.l E–2 l.l E-2

0,0 0.0

—G1,1 E-2

5.2E–10 6.1 E–10
l.l E-2 l.l E-2

1.6 E-4 1,6EA
——
l.l E-2 1,1 E-2

5.2E-10 6. IE–10

6.1 E–3 6.1 E–3

1.9 E-4 1.9E4
—.
6.3E -3 6.3E -3

5,2E–10 6.1 E–10

8.3E–3 6.3E–3

2.5 E-4 2.5E4

—G8,6E–3

aln?ernal doses are 50-year dose c.ammitmenG for .me vear of radionuclide intake.

~ P*, year of OPerali on

‘Based o. swimming in the river for 1% of the year, except 0% for ,,iof ant.,,
‘Based on water intake of 330 L/Year for ,?nfant,,, 510 Llyoar for ,,child,, and ,,reen,,,

and 730 Llyear for ,,ti.lt.,,

‘Based on f,sh consumption of 0,0 kglyear for ,,i”f ant,,, 6.9 kqlyear for ,,child,,,
16.0 kgl”ear for ,,%,, ”,’, and 21.0 kgiy,ar for ,,adult,,,

Wasts

dwa” AW Dose Wr year of operation (mml.rem)

P8riod group To*, I bdy Bone Thvroid
lveam)

Wdn,y,

5 Infant 0 0 0 0
Child 3.6E–~ 3.8E-2 3.6E-2 3,6E–2
Teen 1.9 E-2 2.1 E-2 1.oE-2 1,9 E-2
Adult 1.9E–1 1,9 E-1 1.9E–1 1,9 E-1

—— —
Total 2,5 E-1 2.5 E-1 2.5 E-1 2,56-1

Ii Infanl o 0 0 0
Child 1.9 E-2 1.9 E-2 1,9 E-2 1.9 E-2
Teen l.l E-2 l.l E-2 1,1 E-2 l.l E-2

Adult 1.OE-1 1.OE-1 l,OE-1 1.oE-1—— —.
Total 1,3 E-1 1,3 E-1 1.3E–1 1.3 E-1

‘Population d.a$~ within W km of the @a”\ from a tmyaa, ax~.ra

writi to environmental mtia concentrations resulting from constant felea=
over one year. No irrigadon or drinking water is fake. fr.m the rive, within

this 80.km ,,0,.

bRead as 3.6 X 10-2.
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Table 5.15. O.a.h..dr.d.y ear enviro.mentil dam commitment to

199-2U20 Wp.lation= from liquid effluents of the DWPF 1pt.a_lng

Svoar.old w.,*oI releaaod into the %v.nnah River

Point of usage A9. Dose per year of operation (m#n-remlC

9m. P’ Total M“ Bon, Thv,old Kid”,.,

Be8”f.art-Jaspe, Infant 1.4 E-p 1.4 E-2 1.4 E-2 1.4 E-2

Child 1.7 E-1 1.7 E-1 1.7 E-1 1.7 E-1

Teen 4.8 E-2 4.8E–2 4.8E–2 4.8E–2

Adult 4.6 E-1 4.6E–1 4,6E–1 4.6E–1

Port We”lwOrth Adult 4.8 E-1 4.8E–1 4.8E–1 4.8 E-1—— ._

Total 1.2E0 1.2E0 1.2E0 1.2E0

“Population usage is based .wn the population average for the years 1990–

2020 of 40,300 ..an$umer$ for the EIea.fon-JasPer supply and 29,200 (adults only)
for the PorI Wen?wonh !nd”strial COmPleX.

‘Age distribution for the Beaufort-Jasper m$..lati.an is 1.6% for ,,inf ant,,, 19.4%

,,child,,, 10% ,,?., ”,,, and 69% ,,adult .,,
CD.,, include, doses from the Pathway, of inge,tio” of water and fish and

immersion in water. Water intake paramter$ are 260 L/year for ..i.fant,,, ,,child,,,

and ,.teen,, and 370 Llyear for ,,adult.,, Intakes of fish are 0.0 kglyear for ,,infant,,,

2.2 kglyear for ,,clild,$, 5.2 kglvear for ,,teen,,, and 6.7 kglvear for ,adult.,,
Immersion in waler (swimming) excerIt tir the ,,inf,nt,, is for 1% of tie year.

‘Read as 1.4 X 10-1

T,U. 5.16. Om.hundti.”eu an,l ,c.nmenml do,, commitment to

1960-2020 Wpulatio.a f rmn liquid effl.ens of the DWPF [pmcmsing

15.y-r.c.ld wrote ) relemd into the Savannah River

Point of “sage ~~
00,, m, “,,, of operation (Illan.rem)c

9r..ff Total tidy Bone Thy r. id Xidney,

Besufort.J&Pe, infant 7.3 E-@ 7.3E–3 7.3 E-3 7.3 E-3

Ctild 9.OE-2 9.oE–2 9.OE–2 9.OE-2

Teen 2.5 E-2 2.5 E-2 2.5E–2 2.5E–2

Adult 2.5 E-1 2.5 E-1 2.5 E-1 2.5 E-1

Porl Wmtwollh Adult 2.5 E-1 2.5 E-1 2.6 E-I 2.5E–1
—— ._

Total 6,2 E-1 6.2 E-1 6.2 E-I 6.2E–1

*POpulat;on “Sage i, Lla,e’i “pan the population me,we b, tie years 1990-

27220 of 40,3W cansumer, for the Beaufon-Ja,wr ,UPOIY and 29,2w2 (adult, ..1”)

for the Port Wenr,vor,h industrial complex.

bAge distribution for the Bea.foti-J% per Fop.laden !s 1.6% for ,,infant, f, 19.4%

,“tild,,, 10% ,,:,,”,,s and 69% ,,,dult,’,
‘Dc.se includes dines from the pathwa”s of ingesfion of Water .nd fish ,nd

immersion in water. water intike paramters are 260 L/ye,r f., ,.infant,,. ..chi Id,.,

and ,<teen,, and 370 L/year for ,,,dult .,, Int,k,s of fish ,,, 0.0 kg/year for ,,infant,,,

2.2 kgivear f.r ,,fiild,,, 5.2 kglyear for teen,,, and 6.7 kglyear for ,,gdult.,,
IInmef lion in water (Swimming) except for tie ,,infanl,, !, far 1% of tie “ear.

‘Read a, 7.3 X 10-?



5-18

water for the processfn9 Of 5-year-old and 15-year-oldwaste. Because tritium contrfbutes ●
essentially 100% of the dose, drinking,water is the PrlmarY pathway. The highest EOC to the
entire population is 1.2 man-rems. Whl!e this dose (1.2 man-pems Per Year of DWPF operation)
to the population drinking river water IS almost 5 tiws that to the regional population, it is
stil1 only about 0.015% of the comparable annual dose from natural background. The population
dose connnitm9ntsas a result of normal operations of the OWPF represent only very sn!al1 increases
in the population radiation dose above background.

Occupational dose

The DWPF wi11 be designed and built to minimize radiation exposure of plant workers and the
general public. In addition, occupational exposures for workers wi11 bz monitored and kept
below the 00E 1imits, in accordance with the requirement of maintaining such exposures as low as
is reasonably achievable.

Although no facility quite the same as the OWPF 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 immobi1ization alternative

The radiation-induced 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 OWPF is trivial. The best estimate is that 0.0003 premture 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
cancers.

Based on the assumption that these impact rates continue throughout the 28-year operating 1ife
of the OWPF, 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, O minimum,
0.03 maximum), It is important 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’anyone
wi11 ever die of cancer as a result of the operation of the OWPF is remote.

Table 5.17, S.mmar. of radiation.indud health effects mmmimed o.er *. 28.vear routine

Prwe!si.g $year..ld waste ProcessingI>year. old wa$fes
Health effect 0 rg,n

Probable Mnimum Maximum Probable Minimum Max;m.m

Commi, ted genetic
diSwd,,$i28 ,,.,,
of opera,,..

Committ4 prema
,.,, .,..,,
d,,,h, /28 Y,,,,
of operation

CommiTtEdge.e,ic
disorders/28 years
of .per#tion

Cammi rted prema.
,.,, cancer
d,, th,128 “,,,s
0{ OWrati.n

Bon,
Thyroid
Lungs
Kidneys
0 the,

Total

sm.
Thyroid
L“ “g,
K,dn,”,
Other,

Total

19- pvpul.ti..

1,3 E-2 3.1 E–3 5,6 E-2 l.l E–2 2.7E–3 4.9 E-2

1.5 E-3 3,4 E-3 1.2E–3

2.5E–3
2.7 E-3

8,9E –3 2.4 E-3 8.9E -3
1.4E-3 5.OE–3 1.2 E-3 4.4 E-3
1.6E–4 6.2 E-4 1.4E4 5.3 E-4
3,1 E–3 1,1 E–2 2.8E–3 9.8E -3

a.7E–3 o 2.9E4

2000 Powlatic.o

1.4E–2 3.2E–3 5.9 E-2

1.6E–3 3,8 E-3
2.7E–3 9.aE-3

1,5E–3 5.3E–3
1.7 E-4 6.4E–4
3,4 E-3 1.2E–2

9.3 E-3 . 0 3,1 E-2

7.7E–3 o 2.6 E-2

1.2 E-2 2.8E-3 5.1 E-2

1.3E–3 2.8 E-3
2.7 E-3 9,6 E-3
1.3E–3 4.5 E-3
1.4E4 5.3E4
2,8 E-3 1.oE-2

8.2 E-3 o 2.7 E-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 0.01 genetic disorders (range 0.003 to 0.06) could be caused
by the normal operation of the oWPF over an operating 1ife of 28 years. It is unlikely that any
genetic disorders wi11 be caused by OWPF operation.

Impacts on biota other than man

Ooses to biota other than man have not been estimated in this report. The radiosensitivity of
organisms other than man may be generally assured to be less than that for man; therefore,“if
man is protected from the potential1y harmful effects of radiation, other organisms wil1 be
protected.15-19 Effluents of the faci1ity wi11 be monitored and maintained within safe radio-
logical protection limits for mn; thus, no adverse radiological
expected.

imDact on resident anin!alsis

Mitigating measures

Although the dose estiwtes for man resulting from the potential airborne and 1iquid releases of
radionuclides to the environment are quite low and wel1 below existing standards for safe opera-
tion of the OWPF, every effort wi11 be made to minimize these expos”t.esthrough proper design
and operation as well as a quality assurance program. Also, the objective of keeping radiation
exposure as low as reasonably achievable wi11 be emphasized, and an environmental sampling and
monitoring program wil1 be maintained to provide an early alert for potential problems.

5.1.3 The lonq-term effects of salt disposal

The long-term effects of salt disposal for the reference case are presented in Sect. 5.4 Salt
Oisposal Alternatives.

5.1.4 Impacts of normal transportation of reference waste

Both radiological and nonradiological impacts of norml or accident-free transportation of SRP
HLW were calculated for four different mixes of rail and truck shipments. In each case, OP 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 radiological and nonradiological
impacts of normal transportation are very smal1 and are wel1 within established 1imits.

Table 5.18. De flnltlon of

railtbuck mlx~ {or

cases 1, 2, 3, and 4

Can isters
shipped

Case (%)

Rail Truck

1 100 0

2 70 30
3 30 70
4 0 100

The impacts at’e based on shipments of 8176 canisters over the 28-year operating period of the

OWPF. Each rail shipment wi 11 contain five canisters, and each truck shipment wi11 contain one
canister. Each shipmnt is assured to be 4800 km (3000 miles). This is a reasonable estin!ate
of the shipment distance from SRP to the State of Washington, which would be the greatest dj~.
tance possible for shipwnt within the continental United States. The selection of 48OO km as
the shipment distance is not an implication of a policy decision in any way. It mrely serves
as a conservative estimate that will yield maximum consequences. lnforn!dtionon shipment mode
and kilometers shipped is shown in Table 5.19.
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Table5.19.Annual,hiPment data b, four ,hiDment C,WS

Total number of
shipment

Numhr of shipment
Canisrersshipped shipment, mad,

case
(106 km)

Rail Truck Rail Truck Rail Truck

1 5c01 0 100 0 0.48 0

2 35a Im 70 Im 0.34 0.73

3 150 3W 30 350 0.15 1,7

4 0 500 0 500 0 2.5

5.1.4.1 NonradiologicaI consequences

Nonradiological consequences are calculated for diesel tractor trailer rigs and locomotives pass.
ing a point 500 and 100 times a year, respectively. The primary pollutants from diesel fuel

J-36 combustion are particulates, S02, NO*, hydrocarbons, and carbon monoxide. The OWpF truck
shipments account for 0.0001% of the pollutants ~itted 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 tra”sportatio” Of peference ~a~te

Radiological impacts that result from normal transportation were calculated using RAOTRAN 1120
to generate population exposure. The exposure to various population groups was calculated in
man-remfkm 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 CanCeP death~. These unit consequence
factors were then multiplied by the appropriate number of kilomters 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 “umbev of ship~”ts made. Al1 Other
population group consequences are based on number of kilon!etersshipped.

TaMe 5.20. Normal ,,a”mo,titi.n COmWuenm, gi,en a, Pr.abM mm., deati, PO, “e,, and tiximu.n cam,, dd,ti, PO,Y,,,

occ. pation.1~ General 0.0”[,,;..
Shinmen, ~r,wmen Total,

case
On link Off link Stem

Rail Truck Rai[ Tr.Ck Rail Truck Rail Truck “i’
Truck overall

1 0.0 0.0 3.5 E-5 0.0 9.2E4 O,o 1.2 E-2 0,0 1,3E–2 0.0 1.3 E-2
[0.0) (0.0) (1.2E+I (0.0) (3.16-3) (0,01 (3,8E–2) (0.0) 14,1E-2) (0.0) (4.1 E–21

2 0.0 4.7E–3 2.4 E-5 3,8 E-3 6.7E4 ?,9E–3 B.6E-s 8,8 E-3 9,3E–3 2.5 E-2 (3.4E-21
[00) (1.5E-2) (7.9E-51 (1,3E–21 12.lE-31 (2,7E-2) [2.7E–2) (2.SE-2) (2,9E-2) (8.3E-21 ll.l E-1)

3 0.0 l.l E–2 1.OE-5 9.2 E-3 2,8 E-1 I,3E–2 3.6 S-3
(0.0)

2.oE-2 3,9 E-3 5.8E–2 6.2E–2
(3.7E-2) (3.5E-5) [3.1 E-2) (9.2E-4) (6.lE–2) (l.l E-2) [6.7E-21 11,2E-2)

4 0.0

(2.OE-1) (2.1 E-11

1,7E–2 0,0 1.3 E-2 0.0 2,6E–2
(0.0)

0,0 2.9E–2 0,0 6,SE-2 S.5E-2
(5.4E-2) (0.0) 14,3E-21 (0.01 19.2E-2) 10.0) 19.sE-2) (0,0) 12.9E-11 [2.9E-1)

SHLW casks will be loaded on ths carrier vehicle a! the SRP by DWPF Mmo.nel ..d unloaded ,, its des!inati.. by re~sit.ry F4monnel, There will
be no reloading in transit and, therefore, no r8di8tio. expmure to transpon8tion workers acc.untnble to cask he.dli.g will occur.

One other type of radiological impact was calculated: exposure to a mximum individual who sat
30 meters away from every single truck Or I.ai1 shipment. This impact is shown in Table 5.21.

Further disc”ssio” on the ~th~d~l~gy ~“d assumptions “Seal for these ~alculatiO”S ca” & fO”nd

In Appendix O.
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Table5.21.Maximum annual
dose(mlllbem)toIndlvldual
f,.am‘“omal trafuporliitlon

of w08ti canistem

Shipment
Rail Truck

case

1 O.w 0.0
2 0.04 O.m
3 0.02 0.21
4 0.0 0.30

5.2 DELAYEO REFERENCE ALTERNATIVE

In the analyses given, the differential effects estimated for the delay of the reference alterna.
tive are applicable also to delay of the staged process alternative.

5.2.1 Construction

The reference imnobi1ization 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 wi11 exist,
as in the Vogtle delayed scenario, the nmber of in-movers is less (around 1100) than the refer-
ence imnobilization alternative in which Vogtle is delayed (1450 in-movers) but more than the
reference imnobilization alternative in which Vogtle is on schedule and Vogtle’s work force is
gradually released, becoming available for OWPF 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 imnobilization alternative in which both projects are on schedule,
despite the higher rate of in-movers (22% for the delayed reference imnobi1ization alternative).

5.2.2 Operation

5.2.2.1 Land use and socioeconomic imPacts

The impacts of operation of the delayed imbil ization alternative are expected to be the same
as those of other reference ionnobilization alternatives: insignificant for population growth or
public services, but providing around 700 permanent jobs after the significant employment
declines following the completion of OWPF construction.

5.2.2.2 Radiological impacts

The environmental assessment pathways, methodology, and assumptions discussed in
applicable to this alternative.

Appendix J are

Maximum individual dose coinnitmentfmm airborne releases

The doses to the maximally exposed individual from exposure to airborne releases during nomal
operation of the delayed imnobilization alternative are about the same as for the reference
innnobilizationalternative and are discussed in Sect. 5.1.2.3 and presented in Tables 5.7 and 5.8.

Population dose coinnitments from airborne releases

AS described in Sect. 5.1.2.3, all population doses are 100-Year environmental dOse cO~itments.

Population dose to the regional population (within 80-kInradius of the DWPF1. The 100-year
~ected year 2000environmental dose commitments EOC
(delayed imnobilization alternative during the processing of 5-year-old and 15-year-old waste
are listed in Table 5.23. The total-body dose comnitinents,of 0.43 man-rem per year of opera-
tion and 0.28 man-rem per year of operation, respectively (smed for all age groups), fm
exposure to the effluents of processing 5-year-old and 15-year-old waste are only S1ightly
higher than those for the reference imnobilization alternative. This is a result of the



Powlat(On School,b

Powlatio” Work force’ !..,,,,, ,“,,.,,, Hm, i”q:
Cw.r” 7996 C’.mlm”tets’In.migra”tsd (OwPFl (OWPF 1 d,ma”d.,”PPl”

No. (%1 N.. (%)

SWIII Ca,dina

Aiken

Allend ale

Barnw<ll

Geor%la

Columbia

Richmond

Total’

129,600 500 1,134 (0.9) 217 (0.8) Aaequar,

12,725 35 79 (0.6) 16 (0.5) Shortage in ?ingle family units:
DWPF demand <0.1% of

1.,,1 demand

21,550 m 66 [0.31 14 (0.31 Shortage in sinqla family .ni,s:
DWPF d,m,”d <0.1% of

,01.1 demand

26,700 210 463 (1.7J 92 (1 .41 Short%. in mobile home tnd

multifamily units, DWPF
demand ‘-2%

59,400 60 185 (0,2} 26 (0.2) kde~. ate

216,000 280 623 (0,3) I 23 (0.31 Adequate
—— .— .— —

468,000 3,680 1,120 24500 (0.5) 486 (0.5)

General ,mpa.ts’

Public semica: NO notim able impact o. pof ice and fire mwices. Negligible water and sewer demand in.r.ases.

Publ;c finance: Mcderate impacts. No DWPF oroperly tax p~id to (..21 iurisdi.ti.a”s. Addi?ion&\ tax revm.e i,om nw worker
homes ~r.pertv tax, salesand use taxes may not equal cost of *ernices.

Economic ha-: Sqnificanr im~act from $65,8 million in direct $aIaries and additional indirect ,“d induced salaries.

Some inflation i. Iwal prices, and increases in local wage rates and consumer demand.

Roads and rraff;c: Same as Rsterence Alternative with Vqtle delayed. Minor of+site impacts. Major onsite con~stion may

occur d.rio~ 3h\ft change>.

Land.= change; Minor impact%. Normal growth cha;ges werih adow DWPF imDacts except for possible mobile home increases-

B,rnw,ll end Aike”,

H;scor;ca/ and axhzdog;c,l: NO imPact,

‘Lccal movers (200) no? i“cl. ded. Overall total = 5000.
0 Entire increase assumed to occur in .ne year, Peak i.migrant enrollment is di. ided by total student enrollment.

CJ.’m filled w existing residents. Ind,.idu#l county commuting totals are not given tics.se (1) all will be existingresidents ti. se

road use is alreati felt. and (2) max; m.m tr, ffic imP,cr$ a, workers ,0...,9, 0. *. ,0.ds near the sRp ~re found not to affect
Ievds of service signifimntlv.

‘Some weekly tra.eler$ included i“ bolh in-migrant aod Iwal mover category.

“Number, may re+lecr round;”g ,,,.,,.

‘1moacts apply to al! counties ,“ Orimary impact area.

increase in population during the 10-year delay period (about 70,000 persons). Similarly, the
highest organ dose, to the thyroid (12 man-rem ner year of operation), represents an increase
over the reference inmmbilizatio” alternative related to the population increase; other param-
eters used in dose determination remain unchanged.

The annual total-body dose to the regional population from natural background (assuming an
average annual dose rate from natural background to be 117 mi11ii-ems) is 7.9 x 104 man-rems.
The highest total-body dose (O.43 man-rem per year of operation) is only 0.0005% of the back-
ground dose.

Population dose to the continental United States. The 100-year environmental dose commitments
to the continental United States from the po”ti”e airborne release of tritium and iodine-129
during the processing Of 5-yea~-Old a“d 15-Year-old waste are 1isted in Table 5.24. The doses
are only slightly higher than thO~e for the reference immobilization alternative (see Table 5.10)
because of the projected increase i“ pop”latfon. The highest total-body dose (0,011 man-rem per ●
year of operation processing 5-year-old waste) is only a very small fraction of the comparable
background dose.
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Table 5.23, One.hundred.y.ar e.vir.nrmntal dose commitmentti
for a projected Wp.lati.an for the year 20W from routine airborne

r.1.a$e, from the DWPF

waste ~w Dose per year of omr,t[on (man.r,ml
decay

wriod ““UP Total My 80”, Thyroid L“.* Kidney,

5 vears Infant

Child

Teen

Adult

Total

T5 Year, :;:t

Teen

Adult

Total

2.9E–3b

1.3E–1

5.3E–2

2.4 E-1

4.3E–1

1.6E–3

6.SE –2

3.4E–2

1.6 E-1

2,6 E-1

6.6E–3

4.3 E-1

1.6E–1

6,9E–1

E

4.3E–3

3,1 E-1

1.2E–1

5.OE–1

9.3E–1

1,5E–1

2.OEO

1.3E0

8.4 EO

1.2E1

1.5E–1

2.OEO

1,3E0

6.2E0

1.2E1

3,1 E-3 2,8 E-3

1,2E–1 1,4E–1

5,2E–2 5.4E–2

2.3E–1 2.3E–1

4,1E–1 4.2E–1

1.5E–3 1,6E–3

6,4E–2 8.6E–2

3.IE–2 3.3 E-2

1,4E–1 1.4E–1

2,6 E-1 2.6E– T

‘Population dews within 60 km of the plant from a 100.y ear expo!. re period

to enviro”menfal media co”cen?rations res.lti”g fvom co”sta”t releases over one

veaf.
bRead as 2.9 X 10-3.

T.Me 5.24. Ono.hu.dr.d.y ear environ~nml d.w commitment

m dm population .f tie c.mtinentil U.imd Slatmb for tie

veal 2000 f.f tie airbarw release of witi.m and
iodine~ 29 from tie DWPF

waste

decay Age Dose per year of .aperatio” (man-rem)

Period ‘rouP Toc,l body Bon, Thyroid Kidney,

5 vears 1nfant 1.4E4C 1.4E4 4.7 E-3 1.4 E-4
Child 1.7E–3 1.7 E-3 5.5 E-2 1,7E–3
Teen 9,6E4 9.6E 4 3,2 E-2 9,6EA
Adult 7,7E–3 7.7 E-3 2.8 E- I 7.7E–3

——
Total l.l E–2 l.l E-2 3.7 E-1 l.l E–2

15 vear, Infant 8.2E–5 8.2E–5 4.7 E-3 9.2E –5
Child 9,5E4 9.5E 4 5.4 E-2 9.5E+
Teen 5,5E4 5.5E4 3.2E–2 5.5E–4
Adult 4.4E–3 4.4E–3 2.7E -1 4.4E–3

Total 6.OE –3 “~6,0E–3 6,0E–3

‘poDulatio. doses from a 100-vear e.o.as.re period to
l:r,v,,onment,l media con., ntr,lion, ,,,UIIC”9 from .Ofl,t,n, ,,,,,=,
(,”’,, “., ye,,.

‘Proiticttid U.S. D.apulation from Bureau of Census, Series P-25 No.
7C4 (July 1977).

“R’,,,) a, 1.4 X 10-4.
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The thyroid doses to the continental United 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 smal1 Percentage of the existing background dose from al1 other sources.

Population doses to the world”. The world population doses from the release of tritium and 1291
are l!sted In Table 5.25. he doses are higher than the comparable doses for the reference
Twobl llzat~on alternative (Table 5.11) due solely to po~ulation increases, and represent a
negligible Increase over that from existing tritium and 291 background sources.

,.B1. 5.2S.On..hun&.& y.,, ●N”mm.”til dm. C.arnmllrn.”la10,. wc4-t.d
wMd POW,.,,.. b 1- lho y..r -,ou,I”o

altim. mbm” (ran t- DWPF“s .11OIW ,nufc”

Radion.cli& Dose Per year of operation (manreml

and organ
5-”es,.old wa,te 15-vea,-old waste ~a~h~;jna

3H (total body) 7,9E–p 4,7 E-2 7.7E5

‘ 1’ I (thyroid) 8.2E0 8.2E0 4.2E6

‘9ased on .ne.hundred.y ear exposure Perid to environmental mdia
concentrations resulting from co.*tant releases over one vear.

bWorld population figures based . . United Nations reoc.rt N.. 56,
Rep. 57tE5A/sERIA.56 {1974). Population considered t. b made .0

entirely .f adults.

cReada,7 .9X 10–2.

Maximum individual dose comitmnts from liquid effluents

The doses to the maximally exposed individual from 1iquid releases to the Savannah River are
the same as those for the reference imobi 1ization alternative and are 1isted in Tables 5.12
and 5.13 and discussed in Sect. 5.1.2.3.

Population dose comitment

The 100-year environmental dose comitmsnts for the year 2000 are 1isted in Table 5.26. The
highest total-body dose (sumd for al1 age groups) is 0.28 inn-rem per year of operation
(processing 5-year.old waste) and is approximately 10% higher than the similar dose for the
reference imbi 1ization alternative because of the increase in the exposed population. The
dose is a very sn!al1 fraction of the comparable dose from natural background sources (7.9 x 10’I
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 imsnobi1ization alternative

Radiation-induced health 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 operatiOn~ of the referen,-ei~Obil i~atjO” alt~rnatjve, These predicted health
effects are very smll.

5.3 STAGEO PROCESS ALTERNATIVE (PREFERREO ALTERNATIVE)

5.3.1 Construction

5.3.1.1 Land use and sociwconomic impacts

Having 0“1y 60% Of the ~ximu~ WOrk farce Of the reference alteymatiyes pveviously considered,
the staged prOCeSS alternative has markedly fewer in-migrants and produces correspondingly
SMalIer population or school enrollment incPeaSeS. Only 465 of the 3000 workers aw expected to
move into the area (bringing with them abO”t 215 children), p~Oducing a population increase of
1130 (Table 5.27). Because this increase is less than 1% of the totals even in BarnWll , the
MOSt affected awa in previo”s ~lternative~, pOtential i~acts are considered to be insignificant
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Tat& 5.2%, Otiundmd.ymr #nvir.a.men*l do= Commimmns”
for a vraiwd wpulati.. for the Y-. 2QW from routine liquid

mlemm hom the DWPF

waste
d,.,”

A* Dose vu year of .wratio” lma..rem)

~ricd ““”P
Total bdv Bone Thyroid Kidnev,

5 v.,- I“fa”t

Child

Teen

Adult

Total

15 year, Infanl

CMld

Teen

Adult

TQtal

0

3.8 E-#

2.9 E-2

2.1 E-1

2.8E -1

0

2.1 E–2

1.5 E-2

l.l E–1

1.5 E-1

0

4.OE–2

3.1 E–2

2.1 E–1

Z.SE–l

0

2.1 E-2

1,5E–2

1,1 E–1

1,5E–1

o
3.8 E-2

2.9 E-2

2.1 E-1

2.8E–1

0

2.1 E–2

1,5E–2

l.l E-1

1.5 E-1

0

3.8E–2

2,9 E-2

2.1 E-1

2.8E–1

0

2.1 E-2

1,5 E-2

l.l E-1

1.5E–1

aPop.l ation doses within ~ km ,of the plant from a lW-Year exwsure

pnriod to environmental media concentrations resulting from mnstan?
releases over . . . year. N. irriwtion or dri”ki”g water is taken from tie

river witiin this 80.km area.
bR,zd as 3.8 X 10-2,

in al1 public service, land use, traffic, housing, and historical and archaeological impact
areas. Minor impacts will be sustained in public finance which my 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 mil1ion
and $148 mi1lion, respectively, and their corresponding effect on the regional economic base.
Overall, the staged process alternative has minor to negligible impacts and som economic bene-
fits from the 3000 jobs it will create; it has the lowest offsite land use and socioeconomic
impact of the three alternatives considered here.

5.3.1.2 Nonradiological impacts

Aquatic ecological impacts from staged construction n!aybe lesser in degree but persist for a
longer period of time than those described for the reference im~bi 1ization alternative (Sects.
5.1.1.2 and 5.1.2.2). Staged construction wi11 involve site clearing and excavation in two
phases, each of which wil1 involve less land area than for the reference iimnobilization alter-
native. Consequently, stream siltation impacts resulting from construction my be lowr in the
staged procesc because of the smaller area on which construction activity occurs at any one
tire. However, stream impacts wi11 occur over a 1onger period of tim for the staged process
compared to the reference imobi 1ization alternative.

5.3.1.3 Radiological impact

The radi01ogica1 impacts and recommended controls for the staged process alternative construc-
tion activities am about the sam as for the reference imbi lization alternative (see Sect.
5.1.1.3). However, stage 2 construction activities would be expected to involve exposures mre
nearly like those found for construction workers in the chemical separations areas with average
exposures of 0.35 remlyear from 1973 through 1978.21

5.3.2 Operation

5.3.2.1 Land use and sociwconomic impacts

The impacts of operation of the staged process alternative are similar to but less than those of
the reference imbilization alternatives: insignificant effects upon population growth or
public services, but provision for around 530 permanent jobs after the significant declines in
emplo~nt entailed by completion of DWPF construction.
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TeMe 5,27. %i.econ.mic impact of !taged promss .Imrnati.e on orimafv impact area - consttucti.an:
1987 DWPF Peak rnti V.gde on Wh,d”le (Peak in 19831

POo”latian’ Schoolsb
Powlatia” Work fo,c,~

co” nt”
,ncreaie ,ncream Housinq:

1987 Commit. <,= l-migrants” (DWPFI IDWPF 1~ demati,uml”
No. (%)

Swth Carolina

Aiken 117,000 240 5s!3 (0.5)

A[lendale 11,675 10 30 (0.3)

B&mbe7q 19,500 10 30 10.1)

B,r.well 23,425 75 185 (0,8)

Georgia

Columbia 47,900 25 55 (0. 1)

Richmond 195,600 _ ~ 250 (0. 1)——

To,al~ 415,100 2,360 465 1,130 (0.3)

Genera! impacts’

Public ser.!ce.: NO impact o. fire, Police, water or sewer services.

110

5

5

35

10

50—

215

(0.4)

[0.2)

(0.1)

(0.7\

(0.1)

(0.1)—

(0.2)

Adequate

Shortage in single family units;

OWPF demand <0.1 %

Shortage ,. single family .nit$:
DWPF demand <0.1%

Shortage in mobile home and multi.
fam,l” “n,,,; DWPF demand = 1%

Adea”ale

Adea. ate

Public f;.ante: Minor impacts, No OWPF prowrty tax wid 10 local i., isdictions. Addiliona! lax revenue from properly, sales

amdu,, ,,..s Paid by worker, may “.1 equal cost of services,

Ec.nom;c &m: Significant impact from W8 million in dir~ and additional indiren #nd induad worker salaries.
Some inflation in local prices, and increases in Imal wage rates and consumer demsnd.

Roads a.d rraff;c: Minor .Jff$ile im~c~s, Mode, ale o..site con.3e$ti0. may recur during shill Chanqe!.

Land use change: Negligible impact,

H;sfor;ca/ and ,,chaeolqical: No imPac,.

‘Local rnover$ (1501 not included. Total .verall = 3000.

b Ent, re increase assumed to occur in one year. Peak immigrant enrollment is divided IN total student enrollment.

‘Jobs filled by existing residents. Individual CO.ntv commuting totals are not 9i.en because [1) all will h exisling residents
who= road use in home area is already felt, a“d [2) maximum traffic imDact$ 3$ workers converge .m the roads near the

SRP were fo.”d not t. affect levels of servim significantly.

‘Some weekly travelers incl.~d.
‘Totals may not agree with s. b.items because of r.au”ding.
‘Impact, apply to all CQunciesi“ p,imav impact,,,,.

5.3.2.2 Nonradiological impacts

Terrestrial a“d aquatic ecological impact from operation of a staged DMPF wi11 be less than
those for the refeve”ce immobilization alternative (Sects. 5.1.1,2 and 5.1.2,2) due to elimination
Of tt,ecoal-fired power plant.

5.3.2.3 Radiological impacts

The environmental assessment pathways, methodology, and assumptions discussed in Sect. 5.1.2.3
and Appendix J are applicable to this alternative case.

Dose connnitmnts 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 UOco”pled stage 1 are al1 through the sand-filter stack. The sand-filter
stack measures 43 m high a“d 3.7 m in diameter; the effluent velocity is 16.1 mfs. The annual
releases of radio””~lides for ~~uplpd operation are from the sand-filter stack, the regulated
chemical faci1ity, a“d the saltcrete plant.
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Dose conznitmentsto the maximal lY exposed individual The maximum doses to the individual
living 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 comitment (0.063 mil1i-
rem per year of operation) occurs to a chiId during the Sta e 1 operation (Table 5.28) as does

?the highest organ dose (O.25 milIirem per year of operation to the bone. The dose (total-body
dose to “child,) ~rimarily is from ‘oSr (+100%) for the Stage 1 process (Table 5.30) and from
9osr (g~~) and 3 cs (2.0%) fOr the stage 2 processes (Table 5.31).

Table 5.m. Maximum 5GYear dose wmitme.t t. the individual’ from

rout{., annual airborne ,aleasm from the DW? F – $ta@

alternative: Staw 1, wnd Itlmr stack releaw

Dose Commitme.p (millirem)
Age 9r0.D

Total tadv Bone Thyroid LU.W Kidney,

I “fan, 5,9E< 2,3E–2 2.oE–2 5.9E–3 5.9E–3
child 6.3E–2 2.5 E-1 7.9E–2 6.3E–2 6.3E–2
Teen 3.7 E-2 1.5E–1 5.4E–2 3.7E–2 3.7E–2
Adult 2.9E–2 1.2E–1 6.1 E–2 2.9 E-2 2.9 E-2

aMax!mally expo=d ind.idual is .1 the neere$r boundaq approximately
10.5 km downwind from the plant effluent.

bPer year of .Deratioo.

cRe,das 5.9 X 10-’.

TaUe 5.29. ~ximum 5&Yeat tis c.mmirnmnt t. the individua~ from routine a.n.ti
airbarne relearns from tie DWPF - Stared almrnatim: co.Pled 15.vear-dd W.SW

A.2e 9r0uP Dose commitme”~ (millirem)

and facility Total badv 0.”, Thyroid Lung Kidney,

1nfant
Sand filter stac~

Regulated chemical facility

Saltcrete Plant

Total

Child

Sand filter stack”
Regulated chemical facilitv

Saltcrete plant

Total

Teen
Sand filter stack’

Rw.lated chemical facility

Saltcrete plant

Total

Adult

%nd filter stackc

Regulated chomicil facility

Saltcreto k,la”t

Total

2.3 E-5

2,2E–5

5.1 E–3

4.8E–2

2.4 E-5
2,4E–5

4.8E–2

2.9E–2

2.5E–5

2,3E–5

2.9E–2

2,3E2
2.5E 5
2.4E 5

5.3E 2

1.9E–2
2.3E–5

2,2E–5

1,9E–2

1.9E–1
2.4E–5

2.4E–5

1.9E–1

l.l E–1

2.5E–5

2.3E–5

l.l E–I

9.OE 2

2.5E 5
2.4E 5

9.OE 2

1.5 E-2
2.3E–5

2.2E–5

1.5E–2

5,9E–2
2.4E–5

2,4E–5

5.9E–2

4.1 E–2

2.5E–5

2.3E–5

~.l E–2

3.9E 2

2.5E 5
2,4E 5

3.~E 2

5.2E–3
2.3E–5

2.2E–5

5.2E–3

4.8E–2

2.4E–5

2.4E–5

4.SE-2

2.8E–2

2.5 E-5

2.3 E- 5

Z.SE-z

2.2E 2

2,5E 5
2.4E 5

2.2E 2

5.3E–3
2.3 E-5

2.2 E-5

5.3E–3

4.8E–2

2.4 E-5
2.4E–5

4.8 E-2

2.9E–2

2.5 E-5

2.3E–5
. .—
2.9 E-2

2.3 E-2
2,5E–5

2.4 E-5

2.3E–2

● The total-body and organ doses are only a smal1 fraction of the applicable Federal regulation of
500 mi11ireinsto the total body. gonads, and bone marrow and 1500 mil1irems to the reference
OrganS.13 The highest total-body and organ doses are OnlY about 0.01% and 0.05%, respectively.
of the established limits.
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Percento% of dose
Age group Ra40”.elide

Total b~y BOW Thyroid Lungs Kidneys

Infant ,o~r 98,8 98,4
,2,, 0.4 0,2
23SPU 0.1 1.2

Child ,o~r 99,9 99,6
!,9, <0, T <0.1
,3, PU <0.1 0.4

Teen 90 S, S97 982
!28, <0.1 <0,1
238PU <0.1 0.7

29.4
70.4

0.0

79,4

20.5

<0.1

68.1

31,8

<0.1

98.1

0.3

0.8

99.7

<0.1

0.1

99.5

<0.1

0.3

98.5

0.5

0.4

99.7

<0,1

0.1

99.7
<0.1

<0.1

Adult ,0*, 99.7 99.1 %.0 99.5 99.4
129, 0,1 Q.1 43,9 0.1 <0.1
23SPU 0,1 0.8 <0.1 0,2 0,4

Perce”ca% of do,,
Age group Radiofl.elide —

Total bed” Bone Thyroid Lunw Kidneys

infant ‘H 0.5 0.1
90~, 85.4 89.5
129, 0.3 0,2
),, c, 13,2 8.9
!s. E” 0.3 0.1
2%sp“ 0.1 1.1

Tee”

Ad”It

‘H
90$,
,29,

137C,

,5. EU

23s p“

3H
,o~r

,29,

0,1

97.9
<0,1

1.9

<0.1

<0,1

0.1

95.9

0.1

3.7

0.1

0.1

0.1
94,3

0.1

5.3

0.1
0,1

<0.1

97.9

<0.1

1.7
<0.1

0,3

<0.1

97,7

<0,1

1.5

<0,1

0.7

<0,1

97.5

<0.1

1,6
<0.1

0.6
—

0.2
29,4

66.5

3.7

0.1
<0.1

<0.1

79.2

19.4

1.4

<0.1

<0.1

0.1
67.8

29.8

2.3

<0,1

<0.1

0.1

55.7

41.3

2,8
<0.1

<0.1

64.7

0,3
13.2

0,3

0.7

0.1

98.0
<0.1

1,7

<0.1

0.1

0.1

%.9

0.1

2.6

<0.1

0,3

0.1
96.5

0.1

3,0

0.1

0.2

82.4
0.4

15.9

0,2

0,4

0.1

97.0

0.1
2.6

<0.1

0.1

0.1

s. 1

0.1

3.5

<0.1

0.1

0.1

95.6

0.1
3.8

0.1

0.3
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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 nonnsl background radiation to area residence of 117 mi11irems per year.

The maximum total-body dose from the staged process alternative (coupled operation) is more than
7.5 times the comparable dose resulting from the reference-process release rate. The higher dose
for the staged alternative primarily results from the increase in the 90Sr released in the
Stage 1 process.

Population dose consnitment. As described in Appendix J, al1 population doses are 100-year
environmental dose comnitn!ents(EDC).

Population dose to the reg<onal POPUZation (w<thin 80-ti radius of the DWPP). 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 al1 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 104 man-rems (based on an average background dose rate of 117 mi11irems/year).
The annual total-body dose from Stage 1 operation (1.6 man-rems per year of operation) is only
0.002% 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 stil1 represents only a small increase in the pOpulatiOn dOse from background
radiation sources.

Population dose to the continental United Stutes. 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 (couple

is lower than the comparable dose from the reference faci1ity (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 al1 age groups. The
population thyroid doses are a very small fraction of the comparable dose from al1 other sources.

!d),

PopuZatiw doses to the oor.Zd. The 100-year EDCS for the world population from releases of
tritium and ‘1 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 1291 is considered negligible.

Maximum individual dose commitment from 1iquid 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 mil1irem per year of operatjon, about 45% of the comparable
dose for the reference alternative. As in the reference alternative, almost al1 Of the doses
result from the tritium released to the stream. The doses represent only a smal1 fraction of
the ap 1icable Federal standards (500 mil1irems to the total body and 1500 mi11irems to the

Yorgans ~3

Population dose commitments from 1iquid effluents

The 100-year EOCS to the projected 1990 population within 80 km of the OWPF are 1isted 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 104 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 is 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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TaMe 5.32 One-hundrad.year anvir.ntwntal do= commitments (EDCla for a
1990 Proi.ctad mpulatio~ f r.m routine ai,bo f.. taleases trom the

DWPF - ,Mwd ,Ite,r,ative, Stag. 1, sand fitter suck relearn

Age

9ro.P

Infant

Child

Teen

Ad”It

Total

DOE per year of operation (man.rem)

Total body Bone Thyroid Lungs u,dneys

6.2E–Y 2.4E–2 2.iE–2 6.2E–3 6.2E–3

8.4E–1 2.6E0 8,3E–1 6.4E–1 6.4E–1

1.5 E-1 6.4 E-I 2.5 E-1 1.5 E-1 1.5E–1

8.2E–1 3,5E0 1.6E0 8.3 E-1 8.3E–I
—.
1,6E0 6.8E0 —-G2.7 EO 1,6E0

‘Population doses within 80 km OFthe plant frcin . 100.vear exposure period

to environmental media concentrations resulting from constant releases .ver one

“ear.
bProjected u.S. population from Bureau of Census, Series P.25 No. 7M (July

1977).

‘To & read ,$ 6.2 X lU’.

Table 5.33. One.hu.dmd.ymr environme.til tim .ommibnen% (EDCla for a proimmd 1996

W.lationb from rmtine airbcfne releases Wom the DWPF-Stamd almrnative: .ouoled

~~e9~..P Dwe Per “ear of operation Iman’rem)

and facil if” Total body B.”, Thyroid Lungs Kidnevs

Infant

Sand filter stack’

Regulated chemical facility

SaltCrete plant

Child

&d filter ,t=k’

Reg.laled chemical facility

Saltccete 01.”[

Teen

. Sand tilt,, ,tackc

Regulated chemical faciliry

salt.,,,, plan,

Ad”It

%nd filter stwkc

R*.lated chemical facility
Saltc,ete plant

6.1 E–~

3,2E–5

3.OE–5

4,9E–1

4.4E+

4.2 E-4

1,3E–1

1.9E+

1,8 E-4

7.OE-1

1.5 E-3

1.4 E-3

2,1 E-2

3.2 E-5

3.OE -5

1.9E0

4,4 E-4

4,2E4

4.SE-1

1.9 E-3

1.8E4

2.6E0

1.5 E-3

1.4 E-3

Total 1,3E0 5,2E0

1,7E–2 6.2E–3

3.2E–5 3.2 E-5

3.OE–5 3.OE–5

6,4E–1 5.1 E–1

4.4 E-4 4.4EA

4,2 E-4 4.2E–4

2.OE-1 1,3E–1

1,9E4 1.9 E-4

1.8E4 1.8 E-4

1,2E0 6.9E.t

1.5 E-3 1.5E–3

1.4 E-3 1.4E–3
——

2.1 Eo 1,3E0

6.1 E-3

3.2 E-5

3.OE-5

5.1 E-1

4.4E4

4,2 E-4

1.3 E-1

1.9E4

1.9 E-4

7.OE-I

1.5E–3

1.4E–3

1.4E0

aP.pulatio” doses within W km of the plan! from a 100.y ear exposure period to e“vir.am

mental media c.”ce”tr,i;on, re,ulti”g from constant ,,1,,s,, 0“,, 0“, “,,,.
‘Projected u.S. population <rum Bureau of Cens.S, Series P.25 N., 704 (July 1977).

CComtined St8ge 1 and Stsge 2 operations.

‘Read as 6.1 X 10*.
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T*U.6.34.on..hunb.d.vaar envit..rmnml do- .c.mmimm.8 (EDCr t.a the
1880 Population of tie c..timnml U.imd StatOSbfrom tie airbmne

dean of Witi.m and iodin..l 29 from tie DwPF

Aw 9,.UP
Doss per year of operation (man.rem)

Total body Bone Thyroid Kidneys

st8s01

I“f,”! 1.7Ed 1,7E–6 4.6 E-4 1.7E–6
Child 1,8 E-5 1.8 E-5 4.9 E-3 ),6E–5

Tee” 8.3E -6 6.3E–6 2.3 E-3 8.3 E-6
Aoult 7.7E–6 7.7E–5 2,1E–2 7.7E–5

Total 1.1E4 1.1E4 2.9 E-2 1,1 E–4

tiuDled

lnfa”c 3,9E–5 3.9 E-5 3.7 E-4 3.9E–5
Child 4.2 E-4 4.2E+ 3.9 E-3 4.2E–4
Teen 1.9E4 1,9EA 1.6E–3 1.9E–4
Adult 1.8E–3 1.8E–3 1.7 E-2 1.8E-3

Total 2.4 E-3 2,4E–3 2.3E–2 2,4E–3

‘Pooulatio” do*$ from a lW-Vear exposure pried to environmental media

co”centratians resulting from constant releaws over one year.
bProjected U.S. nop.lation from 6ureau of Gns.s, %rie$ P-25 N.. 7W (July 19771.

‘Read,, 1.7x 10-”.

T.bl. 5.S6. Om-h..drtiy-r .nvlrmwn.ntal -
commmnwt (EDC]a lot. prd-t,d ?sS0 w*M

populmlonb-rtiltm r- Irmi Ih8
Dww swti dl.rmtw. w ●ll oth.r scumu

RaUio”uclide
Dme per year of operation (man. rem)

ad organ St,* 1 &uPled E. isti“g
background

3H (total tad”) 7,1E-4C 1.6E–2 6.5E5
1291 (th”roidl 6.5E–1 4.6 E-1 3.6E6

●Ba9ed . . o.e.h.ndred.yeav exposure pericd to environmental
rn.d,a wnce”trations resulting from c.nsta”t releases over one year.

bw.arid population figures hti on United Nations rewrt N..
66, UN Reo. ST/ESA/SE R/A-55 11974). P.P.l ation ax.med to M
mah up entirely of adults.

‘Read as 7.7 X 10–4.



Dose p, year ofoperation(millirem)

A98 ~IOuQ Aquatic Po,htiay, To,., b% Bone Thyroid Kidneys

1“font lmm.rsion in wate+ 0.0 0.0 0.0 0,0
Ingestion of Wate? 9,5E–? 9.5E4 9.5E_3 9.5E–3
Inge,ti.n of fishd 0.0 0.0 0.0 0,0

Total G— 9.5E–3 a— 9.5E–3

Child Immersion inwate+ 4.7E–14 5,4E-14 3.8E–14 4.1 E-14
l“gestion of Watef 9.5 E-3 9.5E –3 9,SE–3 9.5E–3
(nge,tion of tishd 1,3E4 I,3E4 1.3 E-4 1.3E4

—_
Total 9.6E–3 9.6E –3 9S 9.6E–3

Teen Immersion i. wate$ 4.7E-14 5.4E–14 3,8E-14 4,1E-14
lo~stion of watef 5,2E–3 5.2E–3 5,2E–3
Inp$ti.an of fi$hd

5.2 E-3
1.5E4 1.5E4 1,5E4 1.5E<

Total 5Z 5,4 E-3 z 5.4E–3

Adult Immersion !. wate? 4,7 E-1’l 5.4E–14 3.8E-14 4.1 E-14
1.9s,;0. of W,tef 7.3E–3 7.3 E-3 7.3 E-3 7 .3E–3
Ingestion of fired 2.1 E+ 2,1E4 2.1 E-4 2.1E4

Total
—_

G 7.56–3 7,5E-3 7.5E–3

CInternal do!es are 50.year dow .ommitment$ for one ye?r of rfldionuclide intake.
6Ea@ . . !wimmin~ i. the river for 1% of the year, Infant is assumednot to $wim.
CB.sed . . water intake (moxim.m values] of 330 L/year for ,,infant,,, 510 L/year for ..&i Id,, and ,,teen,,,

#nd 73a L/vear for ,,ad”lt.,,
‘Based o. fish consumption (maximum values) of 0.0 kglyear for ,,inf ant,,, 6.9 kglyear for ,,tiild, ” 16.0

kgl”ear for ,,teen,,, and 21.0 kq/year for .,adul,.,s
‘Read .,9.5X 10-3,

Table 5.37. On..h.mdred-yeaf environmental dom Unnminnants

(EDCY for a vroiectad 1990 population frmn rN1ina liquid
releaw$ from tie DW F-smwd alternative (cmI@ledI

Do- per year of operation IIna”.rem)

Age ~r.uP Total body Bone Thyroid Kid,,eys

I“fant 0 0 0 0
Child 1,4 E-~ 1.4 E-2 1.4 E-2 1.4E–2
Teen 8.4 E-3 t .4E–2 8,4E-3 8,4 E-3
Adult 8.4 E-2 8.4E –2 8.4 E-2 8.4E–2

T.a=l l.l E-1 1.lE–? 1,1 E-1 I.l E-I
—

aPOp.lation doses with,. ~ km of ii>. UIO!)I Iru!l, . 100.,,;.!! L>x,,L,s,!!,.;M!!itml t,,

en.iroomental media cor!ce,~tr~tio,,! rcs.lfi,~ f,.,,, co,,s!it,!t !i:l,,tsos s,.,., ,,,,t. y,:.,, . N,,
irrigation or drittkir(g w~!cr is (~kc,t Irc,n! c!!. ! iv. ! Wi!l! i!! ,!1!s80 k,,, .!!!;.!.

bRead a, 1.4X 10- :
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Table 5.39. Ona.h.ndrd.y.ar ..vir.mmontil dmo mmicn.nt

IEDC) w 1990-~20 population’ frm liquid
affl.a.m & tie DViPF r.demnd into tie

Savannah Riyer-9tan8d alwr.ati~e l~pl.dl

Dow per year of operation (man.rem~

Pol”t of “we Asn grouob Total bd” Bone Thyroid Kidneys

Beauf.rtJasPer Infant 6,2 E-# 6.2 E-3 6.2 E-3 6.2 E-3

CMld 7.3E-2 7.3 E-2 7.3 E-2 7,3E–2

Tee” 2.1 E-2 2.1 E–2 2.1 E-2 2.1 E–2

Adult 2,1 E-1 2.1 E–1 2,1E–1 2.1 E–1

POrI Wentworth Adult 2.1 E–1 2.1 E-1 2.1 E–1 2.1 E–1

Total 5,2E–1 5.2 E-1 5.2 E-1 5.2E–1

“Population “saw is based upon the POP. I.1:0” average for the years 1990–2020 of
4D,300 consumers for the Beauf0rt4asvr SUPPIY and 29.zca (adults ..IY) for the port

Wentworth Industrial complex.

bAw distrikdon for the Bea.fofl-Jaswr oop.lade.n is 1.6% for ,,inf ant.” 19.4%
,,child,:, 10% ,,teen,,, and 69% ,,ad.lt.,,

‘Dow includes doses from the pathwavs .f iwestion .f water and fish ad immersion i“
~at,,. water iotake parameters (maximum valued a,, 2~ L/v,ar for “infant.” “child,” and

,,tee”,, and 370 L1’iear for ,,adult~ Intakes O* fish (maxim.m values] are 0.0 kg/vear ‘or
‘,i”f~nt:t 2.2 kglyear for .,tiild;’ 5.2 kglvear f., “teen” and 6.7 k9/vear ‘or “~ult;

Immersion in water (Wimmlw) except for the ‘infant,, is for 1% of the year.
‘Read as 6.2 X 10–’.

Radiation-induced heal th effects – +outine operation of staqed-design DMPF

The radiation-induced health effects that might be caused by a staged design DWPF are reported in
Appendix J.4.2 and sumrized in Table J.8. The results are similar to those for the reference
design: 0.0003 predicted cancer deaths (range O to 0.001) and 0.0005 predicted genetic disorders
(range 0.0001 to 0.002) per year of operatiOn. For the ful1 28-year operational 1ife of the
facility the cancer risk is estimted 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 OWPF are
insignificant.

5.4 SALT OISPOSAL

5.4.1 Introduction

As noted in Sect. 3.1.1.7, a slightly radioactive salt solution is one of the processing effluents
of defense waste iimnobi1ization. The actinide radioactivity 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 OWPF salt is NaNOs, which together with NaNOz accounts for approximately 53% by
(dry) weight. Mercury is the most chemically toxic trace constituent (4.4 x 10-4 g of wrcury
per gram of salt).

Environwntal lY, the most significant impacts resulting frOm the disPOsal Of OWpF decOntam~nated
salt solution woul~ be associated with the possible contamination of the groundwater of the
8arnwel1 Fomtion 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 saltcrete
at an intermediate depth in an engineered, landfil1 to bQ constructed In the Z-area (see Figs.
3.6, 3.7, and 3.8). The decontaminated salt solution will be mixed with Portland cewnt and
poured in place by conventional methods to form saltcrete mnol iths.

Oisposal 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

a

water infiltration, the potential long-term environmental consequences from saltcake disposal in

●Some downward movewnt of salt into the W8ean aquifer will occur. This wi11 tend to
reduce the concentration buildup calculated for the Barnwel1 aquifer.
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tanks are unacceptable because sodium hydroxide, mercury, nitrate, and nitrite might contaminate *
SRP surface streams and groundwater.zz The disposal of saltcrete in Type 111 tanksi$ 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 1andfi11 design shows that water that enters the engineered landfi11 as infil-
tration wi11 become contaminated by permeating the saltcrete monoliths in the following manner.

A smal1 mount of the total rainfall on the burial site wi11 enter the containment system by
permeating through the clay cap. Once inside the landfill, some of this water will migrate
downward through the $altcrete monoliths, dissolving salt from the saltcrete. The salt solution
and associated radionuclides, after permeating the monolith, will pass through the basal clay
1iner 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 nitratelnitrite combination in OWPF
salt is about 2.7 ppm (N). The calculations of the radionuclide concentrations in the groundwater

B-1, at the bo””dary of the saltcrete 1andfi11 (Table 5.39) were based on the conservative assumption
E-9, that the radion”clides would leach from the landfi11 at the same relative rates as sodium nitrate
& and sodium nitrite. The landfill design criterion is to limit the nitratelnitrite to <2.7 ppm.
J-37 Research is underway to develop a disposal system that will meet al1 radioactive and nonradioactive

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 calculations were
based on leach data from saltcrete samples made from both actual and simulated OWPF salt solutions.*

Once in the groundwater, N, Hg, 12SI, and ~the~ species having no potential fOr retardation by
ion exchange (i,e., K - O) move with the groundwater at its flow rate. Laboratory and field~-
tests show that groun water velocities are 1ikely to be less than 12 m/year between the base of
the landfi11 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
Barnwel1 Fot.mationwould be about 25 years. Table 5.39 1ists 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 outfal1* 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 Maximum quantity
Species concentrateon discharged per year

(ppm) [kg)

Nitrogen 2.7
Mercury

1.6 X 102
<0.002

salt
1.2 x 10-1

29 1.7 x 103

Maximum doses would occur from releases of radio””clides that migrated thvough the soil at the
same rate as the groundwater (K = O). Based on an annual river flow of B.9 x 10’ m’, the related
individual dose connnitientsared resented in Table 5.40.

!
The maximum individual dose consnitments

are approximately a factor of 10 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-
rsm, as shown in Table 5.41.

The EOCS frm the salt disposal area are lower than those from the reference DWPF by a factor of
4000. The resulting health effects frm salt disposal wi11 also be lower by a factor of 4000.

TEI *Extraction procedure tests are being performed’on saltcrete. Preliminary results indicate
that Saltcretc is “ot a hazardOu~ waSte and that the mercury iS bo””d in the concrete. Leachability
of mercury is typically a factOr of 300 to 1000 less than that of a material that is not bound,
such as nitrite. *

‘The outfal1 is estimated to consist of 5.g x 10* ms of groundwater that is discharged from
beneath the landfi11 each year. The transit time for this groundwater to reach the outcrop is
estimated to be 25 years.

,
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Table5.39. Radl.n.elide COnrnnhatl.n at tho b...daw of the Iandll!l and dlsch.rge qu..tltlw
to the Savannah RIver (tom-v.dl”g to 2.7 PV N In the gro..dwatm)

concentration
Maximum Transit lime Maximum

N“cl!de co”centr.!lon ‘“nexchange ““: ~u~a~lv’e
,.1..,,

in ,altcrete
(“cvg)

[n gr...d~ater” (Kd)
to Savannah River

(C?L) (years) (Cvvearl

2.2E1
6.7 E-5
3.6E-4
l.l E-5
2.9 E-6
8.8E- 5
7.7E-2
7.8 E-4
4.9E-4
5.8E-2
66E-7
2.1 E-1
1.4E-4
5.7 E-5
4.3E-5
l.l E-3
6,6E-6
5.2E-9
64E-15
6.7E-15

3,8E-9
<3.7E -14

3.7E-12
1.4E-11
5.6E- 11
3.5E-12
3.7 E-9
9,1E-13
5.4E-13
2.9E- 13
1.4E-11
1.2E-14
2.9 E-9
3.3E-10
4.3E-9
1.3E-14
7.OE- 14
2.1 E-15
5.6E-?6
1.7E-14
1.5E-11
1.5E-13
9.5E- 14
1.1s-11
1.3E-16
4.1 E-11
2.7E-14
1. IE-14
8.5E-15
2.lE-13
1.3E-17
1.oE- 18
1.2E- 24
1.3E-24

.
1.oE2

c
c

c
c

7,3E2
7.3E2

c

6.;E1
6,0E 1
6,0E1
6.OE1
6.0E2
1.4E3
1,4E3
1.4E3
1.4E3
1.4E3
1.0E3
1,0E3
1.0E3
1,0E3
1,0E3
1.0E3
1.0E3
1.0E3
1.0E3

2.5E 1
2.5E1
2.5E1
2.5E1
1.0E4
2.5E1
2.5EI
2.5E 1
2.5E1
2.5E1
2.5E1
7.3E4
7.3E4
2.5E1

,..

5.4E-2
2.1 E-6
2.1 E-4
8.OE-4
o
2.OE-4
2.IE-I
5.4E-5
2.2E-5
1,7E-5
8.2E-4
7.OE-7
0
2.4E-5

2.5E1
6.0E3
6.0E3
6.oE3
6.0E3
6.0E3
1.4E5
I,4E5
1,4E5
1.4E5
1.4E5
1.0E5
4,0E5
1.0E5
1.0E5
1,0E5
1.0E5
1.0E5
1.0E5

2.oE- 1
0
4.oE-6
1.2E-7
3.3E-8
1.OE-6
0
1.5E-7
2,3E-12
o
5.9E-9
n
;
5.4E-I 1
0
0
2.2E- 13
2.5E- 17
7.OE- 17
62E-17

‘Maximum .O.cen[ ration associated with 2.7 ppm N.
b Transit time to Upper Three RU“S Creek and the Savannah River.
‘value unknown: Kd assumed 10 be 0.

The DWPF decontaminated salt fixed in saltcrete and buried in an engineered landfi11 results
in exposures to an individual from well-water (groundwater) consumption of less than 0.1 mi11irml J-n
year when the nitrogen concentration is 2.7 ppm. This value is less than 0.4% of the dose rate ~
limit currently being proposed by NRC for incorporation into 10CFR61, which regulates the dis-
posal of commerc!al low-level radioactive waSteS.7T J-38

5.4.3 Oose commitwnt to intruders

Reference 25 indicates that 10 CFR 61 wi11 require low-level waste repositories to be designed so
that the waste wil1 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
mintained for 100 years. The saltcrete disposal technology presented here aPPears nOt tO subject
the hypothetical intruder to undue risk.

5.5 ACCIOENT ANALYSIS

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 spi 11s of oi1, gasoline, and
diesel fuel. Spil1s of these types would be relatively smal1 and localized and are not expected

●
to have significant ecological consequences. The SRP Spill Prevention Control and Contingency
Plan wi11 be used to minimize these types of accidents. In case of an oi1 or hazardous substance
spi11 corrective action wi11 be taken to protect personnel and to contain and clean up the spi11.



ha. Aquatic Dose (millirem)

QrouP Pathways low) bodv Bone Th”roid Kidne.s

Infant Immersion in ware?
Ingasti.a. of watef

Ingestion of fi,hd

Total

Child Immersion in water
Ingestion of water
Inge, don of fish

Total

Teen Immersion in water
1w,%!.” of w,%,,

In@tion of fish

Total

Adult Immersion in water

1ngestion of water

Ingestion of Fish

Total

0.0
5,0E -6e

0.0

5.0E4

1.2E–10

4.OE –6

1,4E<

5.4E4

1.2E–10
1.6 E-6

1.2E-6

2,8E +

1.2E-10

2,1E4
1.2E–6

3,3 E-6

0.0
1.8E–5

0.0

1.8 E-5

1.9E-10

1.8 E-5

2.2 E-5

4.OE -5

1.9E-10

3.9E 4
1.5E–5

1.9 E-5

1.9E–10

6.9E 4
1.5 E-6

2.2E–6

0.0 0.0
4.3E4 9.4 E-5

0.0 0.0

z— 9.4E–5

1.2E–10

2.6 E-4

5.6 E-5

z

1.2E–10

2.3 E-4
1.OE-4

3.3E4

1.2E–10
4.9E4

2,1 E4

7.0E4

5.1E-10

8,5 E-5
1.9 E-5

z

5.1 E-10

4,2E–5

2.OE–5

z

5,1E-10
4.3 E-5

2.OE–5

6.3 E-5

‘Internal doss are 60.year dose commitments for one year of radionuclide intake.

‘@as& on $Wimmi”g in the river for 1% of the year. except O% far ,,infant.,
‘Based on water intake of 300 L/Year of ,,infant,,, 510 L/year for ,,child,, and ,,teen,,,

and 730 L{”,,, for ,,adult’, (from Reg. Guide 1.109).

‘6ased on f,sh caos.m Dtion of 0.0 ka/vear for ,,infsnt.,r 6.9 ko/vear for ,,child.’,
16.D kgly~ar +., ,,1.,”/ and 21,0 kgl”ear fir” ,,adul t,, (from Req. Guid~ ‘1.109),

‘Read as 5.0 X 10+.

Age 0.s. Fr year of operation (man.ram)c

9r..P Total bodv Bone Thvroid Kidnevs

1“fant 5,1 E -6d 2.1E4 4.4E–3 9.2E4

Child 3.8E -4 2.3E –3 2,4 E-2 7.6 E-3

Tee” 7.7E -5 5.2E4 1.OE–2 1.9E–3

Adult 7.1E4 4.2 E-3 1,6 E-1 1.4 E-2

Total 1,2 E-3 G— 2,0E–1 2.4 E-2

OPODUlatiOn dose with,. 60 km of the PI*.1 from a 700.year

exposure @riod to environmental media C.ncentraci.n$ resulting

from c.an,zant ,,1,,,,s over 1 v,.,. Releasm from the saltcrete

bur,al faciliw will continue i.to the f.mre; relea=s from tie

Pr.xessi.g facilities cease tie. .Perarion$ end.

‘Based on projecdo. of population growth for area equal to

that for u.S. in general (see Bureau of Census, Series P-25 No.

704, 1977), Wthi. 60 km The infants Powlation is Stimated

to k 11 ,672; ,,hild,,, 154,W: ,,1,,.,,, 66,272; ,.adul t,,,

5D2,878.
cBased o. water and fish intake for tie average individual

within the appropriate age group (see Req. Guide 1.109) and

swimming in the river for 1% of the year,

‘Read as 5,1 X 10-6.

-9
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5.5.2 Operational accidents

The Department of Energy and the du Pent Company, OOE’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 OWPF wi11 be designed and constructed to mitigate the occurrence and consequences of
accidents. Operation of the ONPF wf11 be”carried out in accordance with procedures developed
to minimize the possibility, number, and severity of accidents and injuries.

IT,

5.5.2.1 Nonradioloqical accidents

Nonradiological operational accidents having ecological consequences are primari1y fires, chemical
spi11s, and ash basin failure. Oepending on the area burned and the fire intensity, wildfire
wi11 have varying ecological effect. Wildfire is anticipated to be controlled quickly and to
have 1ittle ecological effect. Spills in chemical unloading and handling areas will be contained
by curbing, collected, and treated; thus, these spil1s 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 low PM and relatively
high concentrations of son!.eheavy metals jn ash basin waters (see Table 5.4). Impacts on the
Savannah River are expected to be smal1 due to di1ution.

5.5.2.2 Accidents involving releases of radioactivity

Occasionally, minor incidents wil1 occur during plant operation because of operator error or
failure of a plant component or system. Such events wi11 result in the release of 1ittle or no
radioactivity to the environment and are, therefore, not discussed in this report.

Major accidents are those postulated events in which significant amunts of radioactive materials
could be released into the environmnt; accidents in this category are discussed in Appendix L,
and the impacts are sumrized in this section. Most of these accidents would have minor effects
on the environment; however, a few accidents my have a substantial impact.

In the postulated accidents, radionuclides are released into the environment through the DWPF
stack. The 99 radionuclides 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 wre 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 maximll y exposed individual from the released radionuclides
were computed using the AIRoOS-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. kny 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 sn!al1. The largest single release
was calculated to be 0.12 Ci of cesium-137 from the burning of the cesium ion exchange mterial
(reference alternative). Most other source terms are n!anyorders of n!agnitudelower than this.
For those accidents that could occur in both the reference and staged alternatives, the source
terms for the staged alternative were S1ightly higher than those for the reference alternative
because of minor differences in assured component design and operation.

Radiation doses from accidental releases of radionuclides

Radiation doses to ~n were calculated for each of the postulated accidents. Fifty-year dose
connnitmentsto the maximally exposed individual located approximately 9.2 km downwind of the
process butIding on the nearest road accessible to the public are presented in Tables 5,42 and
5.43 for the reference- as wel1 as staged-design operations. The 9.2 km location was selected to
provide a conservative (high) estimate of mximum accident doses. Even the doses calculated with
the conservative assumption are very low. Maximum dose is obtained using atmospheric dispersion
values determined from onsite meteorological data at the 50% probabi1ity level.

● Ooses were estin!atedfor radionuclide releases from the ventilation stack of the process building
by the AIROOS-EPA computer code.26 All radionuclides were assumed to be released to the environ-
mnt from an 84-m stack in the reference designand from a 43-m stack in the staged clesign

alternative. Ooses wre calculated for total body, bone, lungs, and the thyroid for four age
groups: infant, child, teen, and adult.
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Table5.42.Flfsv-Y*O,dosecommitmentstothemaximallyaxpoac.dindlvidun~fromPOtaMialaccidental ●
releawsofradionuclldastothe.tmosphar&- rafaren=ealternative

Dose commitments(millirem)c
Mapr mntribution E$iimmed

Age radion.clidrn to probabilii

Accident decryption group Total body Bone Lungs Thwoid :otal-tody h= pm year

1. Failure of centrifuge

s“spansion swem

2. Er”ctation of the

orocrn$ and filters

3. Burning of process
sand filter material

4, Explwion i“ the

recycle evaporator

5. Burning of cmium

ion-exchange mmerial

6. Burning oftirontium

in-exchange mmerial

7. Breach of ~lciner

by explotion

8. St-m explosion i“
a glasm*lter

9. Braachofwaste
canister

Infant
Chtid
Twn
Aduh

Infant
Child

Adult

Infant
Child
Twn
Adult

Infant
Child
Tee”
Adult

Infant
Child
Tem
Adult

Infant
Child
Twn
Adult
Infant
Child
Tee”
Adult

Infant
Child
Tnen
Aduil

Infant
Child
Twn
Aduh

6.4E.9d 4.5E-8
1.5s9
7,BE.9
7.8E-9

2.OE.9
2.lE-9
2.3E.9
2.3E-9

1.2E-3
1.2E-3
1.2E.3
1,2E-3

1.4E-7
1,4E-7
1.4E.7
1,5E-7

7.2E-4
7.2E.4
7,2E4
7.2E.4

3.5E-6
8.7E-6
8.7E-6
7.9E.6

7,4E-3
9.3E.3
9.9E-3
9.3E.3

4.1E-4
5.2E.4
5.2E-4
5.2E4

1.7E-6
2.lE-6
2.2E.6
2.2E-6

6,ss-6
l,IE.7
1.13E-7

1.2E.9
1.s-9
1,3E.9
2.3E-9

3,2E.3
3,3E-3
3.4E-3
3,3E-3

5.3E-7
5,6E.7
6.4E-7
6,1E.7

1.4E-3
1,5E.3
1.5E-3
1,5E.3

l,lE-4
2.6E4
2.9E-4
2.6E-4

l,lE-1
2.6E.1
3,2E.1
2.9E-1

5,3E-3
1.2E-2
1.4E-2
1,4E-2

2.7E.5
5,9E-5
7.1E.5
6,BE.5

2.4E-9
1,4E.8
1.5E.B
1.lE.8

2.1E-9
2.3E.9
2.5E-9
2.3E-s

3.6E-3
4.OE-3
4,2E-3
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,~$1(55%),*11P”(11%)
‘*S,(5%),,H(24%)
‘“CS (3%)

~H (22%1, ‘“I (13%)
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‘Read8S6.4X10-,.

In general, doses in the st.sged alternative are higher than the doses in the reference alternative.

However, the maximum dose in the staged design is less than the rraximum dose in the reference
design.

Dose by organ. In five out of nine accjde”ts analyzed for the refe~e”ce design, the ~OSe 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 I“”g dose was highev 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 Postulated accident.
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Table5.43.Flftyveardosecommitmentst.th.maximallyexposedindividual’from potentialeccid.ntal

releasesofradionuclidestotheatm.spherd -stagedalternative

Dose commitments(millirem).
Major co”trib.!ing Estimated

Age radion.elides to adult probabiliw

Accident d-riplion 9r0.p Total tidy Bone Lungs Thyroid total-body dose per ynar

Stage1
1. Spill frc. msl.rfy

r-eipt tank

(unrn.pl~ o~rnn)d

2. Eructafioninsl.rrv
mixevapormor
(couPI&oparmion]d

3. Spillfrommelter
feedtank(coupled
operation)

4, Explosio”offiquid
ftigle-melter
(coupledovrmion)

5, Cani9terr.pt.re
(uncoup!ecowrationl

Infant

Child
Tmn
Aduli

Infant
Child
T-n
Adult

Infant
Child
Te6n
Adult

Infant
Child
Teen
Ad”It

Infant
Child
Twn

Ad”It

I“fa”l

Stage2

6. Fireincesi”m
ion.exchange Child

Tmn
Ad”It

7, Firei”*rOnli.m Infant
ionexchange Child

Teen
Ad”It

8, Sur”ingof.sand Infant
filtermatetial Chi!d

Twn
Adult
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strontium Child
concentrmor Teen

Adult

10. Erumationofcesium Infant
cOncO”trtiOr Child

Twn
Aduk

1.2E-3e
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1.6E.5
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8.5E-6
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4.4E-3
4,6E-3
4.4E-3

6.6E-4
8.9E.4
1,OE.3
6,0E-4

3.2E-2
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Oose by age 9rouP. In 9eneral. teen and adult groups would receive higher doses than the infant ●
and child age groups in the reference as WI 1 as staged alternative.

In reference-design Operation, bone dose to the teenage group was higher than bone dose to adults
in six of the nine accidents. In two accidents, teen and adult age groups received the sam 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 sam bone dose. For this reason, the discussion of impacts fOcuSes on bone dose to
the teenage group for al1 accidents in the reference as WI 1 as staged alternative.

Dose by accident. Among al1 potential accidents analyzed for the reference design, the mximum
dose Table 5.42) would result from an explosion in the calciner. For this postulated accident,
the largest dose would be 0.32 m~llirem to the bone of a mximally 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 explosion in the glass ml ter 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 wes
0.097 mil1irem 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
exct!anger. Other accidents analyzed would yield much smiler mximum doses.

Impact of radiation doses to individuals. As discussed above, the highest individual bone dose
received from an accident at the DUPF is calculated to be 0.32 millirem. (For most postulated
accidents, the doses would be much smaller.) The predicted nbsximumbone dose is nearly two
orders of mgnitude less than the individual internal dose of 18 to 24 mi11irem per year
received from natural terrestrial radiation by al1 individuals. By comparison, the average
external individual dose received by the airplane-travel1ing public is about 4 mil1irems per
cross-country flight.27

Because the probability of .smjor accident at the OWPF is smal1, the chance that an individual
would receive even O.32 mil1irem is remote. Therefore, the impact of the postulated OWPF acci-
dents on human health is expected to be extremely smal1 for either the reference or staged
alternative.

5.5.3 Impacts resultinq from transportation accidents involving reference waste

5.5.3.1 Nonradiological impacts

Nonradiological transportation accident impacts wre calculated for two categories, injuries and
fatalities. The risks of these impacts were calculated using accident probabi1ities for truck
and rai1, probabilities of injury and death if an accident occurs, and the number of kilomters
travelled annually. The expected values are about one to two injuries per year of shipwnt and
about one fatality for every ten years of ship~nt as shown in Table 5.44. Further discussion
on these impacts is included in Appendix D.

Table5.44.ExPeti4.Onradtoloqicali“iuriesandtiulitie,
pervmrfmm transpmution=cidants

Shipme”l Injuries Fatalities

C,,, Rail Truck Total flail Truck Total

1 1,2 0.0 1.2 0.09 0,0 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 0,11
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 mre considered: (1) a particulate release accident,
wherein the shipping cask is subjected to severe impact and fire, and sow 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 gatmnaradiation 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
particulate and exposure to ganunaradiation from particulate 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 mil1irems 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.

TaMe 5,4S. Accident co~quem maximum individualexp.nureresultingfrom patial I-s

of .Onmne or 10ssof!hielding.i.millimm

Relem EXDMUr,a

TYm ofaccident (0) 1“f,., Child Adult

R*;I Truck R,;, Trwk Rail Truck Rail Truck

Lossof contents

Ground,h i., 9.4 E-1 1.9E-1 7.5E0 1.5E0 5.5E0 l.l EO 4,0E0 8.OE–1

Inhalation 1,eE4 3,2E–5 2.5E–3 4.9E4 5.3E–3 l.l E–3 3.5E–3 6.9E4

Lo,, of shieldi”f 7.8E0 1.8E0

‘For reference, the m~im.m individual expmure to average background radiation i. the United States

isap$.roximater” 1m millirem, per yea,.

‘Gamma exposure onlv.

T.bla5.46.Annualrisk t. m=imum irdivid.al(millirem)fromp.~latedtiident

Stipment
Particulatereleax

Lo,, of shielding
Adult Child Infant

case
Rail

Rail Truck
Truck Rail Truck Rail Truck

1 3.7E-6 0.0 4.!3E-6 0.0 6.7E-6 0.0 3.5E4 0.0

2 2.6E4 9.2E–7 3.4E-6 1.3E–6 4.7E-6 1.7E+ 2.4E4 1,9E-3

3 l.lE–6 2.2E–6 1.5E-6 3.1E-6 2.oE-6 4.OE-6 1.OE–3 2.6E–S

4 0.0 3,1E+ 0,0 4.3E-6 0.0 5.6E-s 0.0 6.IE–3

5.6 UNAVOIDABLE AOVERSE ENVIRONMENTAL EFFECTS

Measures to mitigate potential environmental impacts include an effective quality assurance pro- ITC
grm and administrative controls as well as engineered systsms. These measures will alleviate
sane of the adverse envirownenta1 effects caused by construction and operation. However, certain
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 b like those of other large industrial projects. They include
increased noise levels near the site, increased air pollution caused by earth-roving 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.

Approximately 140 ha, including a carolina bay, will be removed from wildlife habitat during
construction. Although animals wi11 lose some habitat, the losses wi11 be insignificant because
extensive areas of similar habitat exist throughout the,site region. A 10SS of individuals of
the more sedentary species (e.9., rodents, lizards) dur?ng construction will have an insignifi-
cant impact on the population of these species in the area.

The influx of construction workers may exceed Barnwel1 County(s available housing, particularly
multifamily units. The PrimarY impact is predicted to occur in Barnwell City, with a 10%
shortfall of multifamily units. Additionally, during the peak construction period, local wage
rates and retail prices will increase. It is likely that ]ncreases in local tax revenues will
not fullY offset the increased demands for government services caused by the influx of construc-
ton workers.

The impacts caused by construction of the reference innnobilization alternative and staged process
alternative are sumarized in Tables 5.47 and 5.48. A comparison of imgacts for the three
alternatives is given in Sect. 5.9 and Table 3.1.

5.6.2 Operation

Ouring the operation phase, approximate y 80 ha of land wi11
habitat. The impacts of this removal are discussed in Sect.

remain unavailable for wildlife
5.1.2.2,

Unavoidable radiation exposures wil1 include occupational 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
5.3.2.3. All the offsite exposures are very small compared to those from natural radiation.

Unavoidable nonnuclear events include occupational lost-workday injuries and fatalities during
construction and operation of new facilities. On a statistical basis, these events can be
expected to occur; however, the trend of industrial accident rates has been downward, which
indicates that safety programs wi11 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 in Sect. 5.9 and Table 3.1.

5.7 IRREVERSIBLE ANO/OR IRRETRIEVABLE COMMITMENTS OF RESOURCES

Numerous resources are used in construct ng and operating major plant faci1ities. Some of the
resource cwi tments are irreversible and irretrievable. Irreversible commitments are changes
set in motion which, at sme later time, could not be altered to restore the present order of
environmental resources. Irretrievable connnitments are the use or consumption of resources that
are neither renewable nor recoverable for subsequent uti1ization. Generally, resources that may
be irreversibly or irretrievably comnitted by construction and operation of facilities for any
of the alternative plans are (1) biota destroyed in the vicinity, (2) construction materials
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 preconstruction uses and/or potential
postconstruction uses.

Implementation of a“y of the alternative plans would involve co”str”ction activities on less
than 0.1% of the land on the.Savannah River plant site. Although there would be an irretrievable
10SS of a previously disturbed caroli“a bay and of some individuals of the site biota during
construction of faci1ities for any alternative, minimal adverse effects would be expected on the
structure or stability of the plant and animal populations inhabiting the plant site. The
prin!aryt.esou~cecomitme”ts are shown in Table 5.51.

●

For each alternative, the faci1ity construction would be similar to the two chemical separation
facilities currently in “Se at SRP. At the end of the useful life of the waste itmnobilization
facility, it would have to be decommissioned. It is expected that deconunissioningthe waste
iImnobilization faci1ity would require about the saw degree of effort as decommissioning one of
the chemical separation faci1ities, and it wi11 be addressed in the environmental review for the e
D8D of the SRP. D&O was discussed in Sect. 3.1.8.

Most of the disturbed area wi11 be restored to its original contours, reseeded, and permitted to
revert to its “at”ral state after p)a”t decommissio”i”g.
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Table5.51.PrlmarYre8curcecommltmenta

Resource ReferenceDesign Stage Design

Constructionstage

Concrete 2.5E5m, 1.5E5m3
Steel 3.6E4t 2.3E4t
Gasohol 8.7E6L 3.6E6L
Dieselfuel 6.7E6L 3.6E6L
Propane 7,5E4L 3.0E4L

o perat Ion 5t0ge

Electricity 1.7E4 kw 1,3E4 kw

Water 3.7E6 L/day 2.7E6 L/day

coal 1.2E2 Uday 8.4E- 1 Vday

Cement 1.1E2 Vday 1.1 E2 Vday

G laSS frit 2.OEO Vday 2.oEoVday
Processchemicals 15.OEOVday 5.oEoVday

5.8 SHORT-TERM USES ANO LONG-TERM PRODUCTIVITY OF THE ENVIRONMENT

This section compares the short-tern and long-term environmental gains and 10SSeS of fmplem”tj”g

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 faci1ities. Long-te~ ~ffect~
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 p16ns is to remove the SRP
defense high-level waste (HLW) from interim storage and place it in environ~ntal ly acceptable
long-term storage or disposal.

5.8.1 Short-term effects

The positive short-term effect of any of the OWPF alternatives is that the HLW wi11 be placed in
a solid, leach-resistant form that will enhance its isolation from man’s environment particularly
during transportation and storage.

Implementation of any of the alternative p16ns wil1 consume som depletable resources, such as
cement, steel, and lumber; howver, these are al1 comnon industrial products, and SRP consumption
would not significantly affect their supply. Also, implementation of any of the alternative
plans wil1 require short-term dedication of land for construction and operation of the facilities.

5.8.2 Long-term effects

Even though the defense HLW is stored safely in waste tanks, any of the alternative plans will
in!mobilizethe waste in a form that would give great,er assu~a”ce that it will pe~aj” jSOlated

from Mn’s environment.

Oisposal of the immobilized waste in a geologic repository will comnit the subsurface area to
that purpose indefinitely”and will restrict the developwnt at that location of potential mineral
resources by drilling or mining. (These considerations would be addressed fully in the programs
and environmental evaluations that lead to the selection and development of the repository
site.)

6urial of the residual salt onsite will restrict indefinitely the potential developwnt of the
surface above the 20-ha burial area.

*
5.9 COMPARISON OF IMPACTS 8Y 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 implewntation of any of the immobilization alterna-
tives. However, in general, the adverse effects of the staged-process alternatives are antici-
pated to be sonk?whatless than those of the other alternatives.
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Table5.52. C0mP4rimn ofimwctsbi.Itm.ativesforkeyenvironmentalwramaters

..
Key environmental

parameters

Normal operations
So.iceco.omit

Effects

Maximum of fsite i.d.idusl exposure
from gaseous releases (millirem/year)

From liquid releases (mi!liremlyear)

Total (mill iremly ear)

Maxim.m .affsite individual health

effects (cancer deathsly ear)

N.nnal transwrtati.n
Maximum indvid.al

exposure (millirem/year)

Maximum individ.81 health effects

[cancer deathsly ear)

tistulated accident
DwPF maximum off site

individual exposure (millirem)

Transportation
Radiological

Msxim.m individual exposure (millirem)
Nonradiol.qical

Maximum inj.riesly ear
Maximum deaths/year

.,-.,., ,
Reference

reference
StWed

immotili.ation processimmobilization
alternative

alternative
alternative

Minor Impacts due to

increase in work force

mitigated by release of

worker, from Vogtle
Plant Co”,! r”., ion, 0“,

county ma” have school

and housing impacts.

8.3 E-3

l.l E.3

1,3E.1

3.4E.2

3,2 E-1

4.3 E-3

1.6E0

1,OE-1

lmPact, 9,,,,,, than Imoact, 1,$s than other
Reference DWPF due to #alternatives;work force

sharp increase in work is ,oughly 60% of other

force without mifigatian alternative,,

by VOgtle work force
release.

8,3 E-3 6.3 E-2

a
2,9 E-2

~
7.3E.2

1,1 E-3 9,6 E-4

1,3E-1 1.3E-1

3.4E-2 3,4E.2

3.2 E-1 4.2E.2

4.3E.3 4,3 E-3

1.6E0 1.6E0
1.OE-1 l,OE.1

5.9.1 Socioeconomic effects

Potential socioeconomic impacts of the proposed action are regional and are associated prin!arilY
with the construction phase parameters (i.e., the size of the construction work force and the
timing,of the co”structjon). The alternatives can be ranked as to their socioeconomic impact
potential from most to least as follows: (1) reference imobi 1iz.stionalternative with Vogtle
delayed, (2) reference inmuzbiliz.stionalternative delayed te” years, (3) veference j~Obil izatjon
alternative with Vogtle on schedule, and (4) staged innnobilization alternative. O“ 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 co”stru~tion Of the
staged-process OWPF requires a sml ler maximum work force (roughly 60% of the reference OWPF
work force), this alternative is expected to cause the least impact on services and housing.
The 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 my be expected under
al1 alternatives, the effect is graduated and diminishes with a decreasing number of in-movers.
A monitoring program wi11 be established to monitor key socioeconomic parameters for determining
the severity and location of impacts. Mitigation was”res, such as p“bljc aid, if needed, ~jll
require additional authorization before implementation.

5.9.2 Health risks

Protection of human health, both now and wel1 into the future, is the primary consideration in
Proposing the innnobi1ization and permanent geologic disposal of the SRP defense waste. The
calculated radiation-induced regional or public health risks associated with the OWPF are extremly e
Small. Routine release$, i“tegpated Ovev a loo-year pe~jod, Will re~”lt i“ exposures amo””ting

to only a very smal 1 fractjOn of those obtained from backgro””d radiation. Co”seq”ently, “O

Significant health effects are anticipated as a result of routine radioactive releases from the
OWPF. The probability of an accidental release of radioactivity from the DwPF is very smal1.
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●
However, as with routine releases, calculations of exposures from postulated accidents that
could result in radioa’tfve releases show that regional or public health risk from accident.
related releases is expected to be small NO substantial diff~re”~~~ in health ri~k~ are
evident among the alternatives.

5.9.3 Ecological effects

The ecological impacts of the DMPF are expected to be nonradioloqical, site-dependent, and
primarily construction-related. Construction wi11 probably disturb about 140 ha of wildlife
habitat and temporarily affect a po~tion of the 10cal aquatic e“yironment. RecovevY j~ ~“tjcf-
pated when construction is complete, although about 80 ha will remain unavailable to wildlife
and one carolina bay will be eliminated. The OWPF wil1 occupy only about O.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 wi11 be conducted during both DWPF construction a“d early opevation to ensure
minimum ecological impact.

5.9.4 Transportation

Transportation of the immobilized waste to a geologic repository has the potential for causing
higher environmental risk than DWPF construction and operation. Neve~theless, radiological
calculations of maximum population exposures during routine transport and maximum individual
exposures in the event of an accident, mde o“ the basis of conservative assumptjo”s, show that
exposure risks are very smal1 compared with exposures from background radiati~n. Calculations
of nonradiological transportation risks, based on the statistical incidence of injuries and
fatalities i“ ordinary transportation accidents, show that this could be an impO~ta”t SOU~Ce Of

risk. Because impacts wi11 depend on a number of factors, such as mode of transportation and
distance travelled, mitigation measures may be possible. Oisposal of the imnobilized waste at
SRP has been excluded as a“ alternative, necessitating the selection of another site. Final
Selection wi11 be preceded by an environmntal review, which “ill include an assessment of
transportation effects and mitigation n?easures,if necessary.

5.10 CUMULATIVE EFFECTS

A review of existing a“d known-planned facility operations in the vicinity of the proposed OWPF
was made to determine potential cumulative effects and to p~ovide an understanding Of the sensi-

tivity of the analyses presented in this EIS to synergistic effects fr~ othe? facilities. The
potential for cumulative effect exists mainly in the socioecononticarea during the construction
period for the proposed OWPF; howevet-,these impacts are expected to be small. Radiological
impacts from current and pla””ed nuclear facilities are also small a“d 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 Carolina 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 operating reactors
(Plus two on standby), two chemical separations facilities and associated waste managemnt

operations, one burial ground, and process developwnt laboratories. Present employmnt at the
SRP is more than 8000 people.

Projects ongoing at the SRP include the upgrading of all SRP facilities to replace obsolete
equipment and the preparation of a standby reactor (L-Reactor) for operation starting in October
1983.

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 Voqtle Power Plant

The Vogtle Power Plant is a nuclear power plant under construction within 20 km from the proposed
DWPF by the Georgia Power Company. As discussed in Sect. 5.1.1, the socioeconomic impacts of
Vogtle construction and operation have been considered in the analysis for the proposed DWPF.
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The Vogtle POWeP Plant is 1icensed by the Nuclear Regulatory Comission, and its emissions wil1
also be 1imited to the as-low-ai-reasonably-achievable level.

@

5.10.1.3 Chem-Nuclear Systems, Inc.

The Chem-Nuclear SYStemS operates a low-level radioactive waste burial ground less than 20 km
from the proposed DWPF under 1icense from the South Carolina Department of Health and Environ-
mental Control. No interaction between the proposed DWPF and the Chem-Nuclear burial ground is
exDeCted.

5.10.1.4 Barnwell Nuclear Fuel Plant

The only other major faci1ity in the innnediatevicinity of the proposed OWPF with potential
synergistic effects is the Allied-General Nuclear Services’s Barnwel1 Nuclear Fuel Plant.
Future status of this facility is unknown, but at present tiw it is not operating.

5.10.2 Cumulative effects

The cumulative potential radiological effects of the proposed OWPF 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 to different individuals at the site boundary of the SRP, including SUP, the
proposed OWPF, and the Vogtle Power Plant; these doses are sml 1 for al1 three imnobilization
alternatives and less than 2% of the doses from natural background radiation.

Table5,53,C.mP.niQrdidogicalimpact$ofmaiornuclearfacilitiesintherici.icvoftie
Drc.oos.dDWPF* (milliram/ve=)

DWPF alternative, N earbv nuclear facil itie

0,[,” of
EXDOYJ,, Reference Staged Seva”nah Vogtle

refer, ”.,
Pathway immobilization

immo Mli2ati0n ‘r”m’s
River POW,

alternative ~l,e,”a,i”e alternative Plan$ .Ia”te

Gawus 8,3E4 8.3E -3 6.3E –2 ,.7,0 E-1 1E–1

Liquid 2.1 E–2 2.lE–2 9,6E–3 2.2E–1 4E–1

Total 2.9 E-2 2.9E –2 7.3E–2 —=9,2E–1

C.amposited 1,45E0 1.45E0 1.49E0

Natural

Back. 9.oE 1 9.OE1 9.OE1 9,0E 1 9,0E 1
round

ISRP
Area)

“Maximum individual dose from each faciliW. Radiation doses are .ot t. the same individual.

bC, A$hley, E.v;ronmenta/ monitoring in tie v;.;nity./ the Savannah R ;ver PI.. c–A nnua/

Reno,f for 1%0, DPSPU 91.30.1 (Mw 19a1 ),

CVogtle EIS.

“C.rnw$ire = DwPF + SRP + Vogtle.

The principal known, potentially significant cumulative impact of the proposed OWPF project
is in the socioeconomic area. There are three major construction projects in the area: the
two-unit Vogtle nuclear power plant in Burke County, 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 wj11 result frOm ~ompetitio” fOr very Sjmi la~ labO~ Skil 1S if the prOje~ts
peak during the same period aS the proposed OWPF alternatives. For instance, the number of
in-movers to the Six-co””ty impact area doubles if both Vogtle a“d OWPF peak in the seineperiod,
and the socioeconomic impacts increase accordingly. If both Vogtle and OWPF stay on schedule
(Vogtle peaks in 1983 and OWpF peaks i“ 19B6 or 19B7), however, the OWPF serves to minimize ●
cumulative socioeconomic impacts by preventing a sharp decli“e in emplo~ent as VOgtle releaSeS
workers; the OWPF rising dsma”d acts t,o stabilize and maintain the high employment levels in the
area.



5-53

●
The effect of other simultaneous SRP projects, such as the restart and upgrade programs, wil1 be
to increase impacts by increasing the work force. The combined construction and operating
workers fop these two projects total more than 1000 for six years (1983-1988), creating a
cumulative total about 30% greater than the DWPF staged process case for three years (1986-1988).
The cumulative socjoe’onomic effects due to the demand for construction workers for the preferred
staged process alter”ative would still 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 pemits, certifications, 1icenses, and other approvals from the Federal
government or the State 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 CU1tural resources
Table 6.1).

Tab!e 6.1. Req. iredreg.latory permits .nd.otificatio.$

F,>c,l,,,,,ct, v(l, Reouiremen? A9en.~

DwPF ,,, o,,:c,

DWPF s,,,!

Coa<frr.d steam
ge.erat,.q I,la.t

Eme, qcnc” d!,,,t!t

~ene, ,10, s
Cl>em,cal,“d
,,ld.s,!!,lwaste
t,ea, menr f,c!l,l,

Dome, t,c w,,,,

SL,,,,,l,,Y,tem

surface !““off

SaltcrEte ,>tan,

EIS ,equ,,e,l{or

ma,., Fe<leral ac,,o),
H,,,.,,. ,“d ,rch,eo(oq, c,l

$1,, ,.!.,,

S,,,“sepermit
En(lan9ered SP,C,I,,

Au,,,.,,,,,,.” for .,>,. [,u,n, ng

COQCrete batch ,]1,”,
Pe,nl, ( (Oconstr.ct (ai, )

Perm,, ,Ocon,,, uc, (wat, r]

Perm, t ,Oop,r, te[, <r)

NPDES permit !. d<scharqe
PSD ,,e,m,, ,0 ,0”,,,”,,

PSD uerm, t too~e, a,.
PSD ,,erm,, [ocon$, rue,

Pso ,,erm,, ,0 OWrate
Perm(f ,O..”s {,..,

NPDES ,>,rm, t ,. d,,,harge

P,, m,, ,Ocons, r.c, qro”nd.

W,tcr wells, I,catm en, and
d,,, !,!,,,,,.. ,ys,em,

Petm, t ,0 .0”,,,”,,
NPDES P,, m,t ,. d,,ch, rge

Not, fic, t,L’n of stack 61 87,[200 (, I
Permit ,0 construct

Permit r. operate
Pe, m,, ,0.0. s,,,,.,

NODES,>,, m8, tod,,ch, r~,
?trm, ?toto”,truct

Permtt tocoll,t,,,c,
Pe,m,, ,00,>,,.,,

SPCC,,,..

CEQIEPA

SoL,lh Caroli..3 State
H!sror Ic Preservation

officer
DOE,SR0
US. F8,h and Wildlife

DHEC. BAOC

DHEc.BAOC
DHEc. I AWD

DHEc. BAOc
DHEC. IAWD

OHEC. BAOC

DHEC. BAQC
OH EC. BAQC

DHEC.BAOC
DHEC. (AWD
DHEC. IAWD

DHEc.wSO

DHEC.l AWD

OH EC. IAWD
FAA

DHEc-BAQC
DHEC.BAOC
OHEC. IAWD

DHEC. IAWD

OH EC. IAWD

DHEc.8AOC

OHEC. BAQc

Oti EC. IAWO /EPA

~NPDES = National Pollutant Discharge Elimination Sy%,em, PSD = Pre.e”t ion of Significant

Deterioration, SPCC = Spill Prevention, Control, and Contingency.
bcEQ=cou.cilo.Environment810. ality, GPA=E.vironmenlal Protecti on Age”cY, OH EC=

DeDt. of Heellh and Environmental Control, BAOC = Bureau of AIr Quality Control, IAWD=

l“du,tr’al and Agricull”r.l Wastew,ter Divi,ian, WSD =W,Cer SuoPiy Divi,;on, 8”d FAA= Feder,l
Aviation Admi”ist, ation.
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The health and safety aspects of the handlin9 of radioactf~e materia~s, the transport of radio-
active materials, and associated activities governed by the At~lc Energy Act (AEA) of 1954 a: ●
amended (40 USC 2011 et seq.) and related legislation are outside the scope of this section and
are discussed in Appendix O and ref. 1.

The 00E, as a Federal agency, is required to ccfnplywith a number of environmental requit.eme”t=,
under various Federal 1aws. The Federal requirements include, but are not 1imited to, those
outlined in the six laws and three executive orders described herein.

National Environmental Policy Act of 1969, as mended (NEPA) (42 uSC 4321 et seq.). This Act
requires “al1 agencies of the Federal Govermnent10to prepare a detailed statment on the environ-
mental effects of proposed “major Federal actions Significantly affecting the qUality of the human
environment.” In accordance with the requirements of NEPA, the DOE is fi1ing with the Environ-
mental Protection Agency (EPA) and circulating to the public this environmental impact statement
(EIS) on the OWPF. This EIS has been prepared in accordance with the Counci1 on Envirofnnental
Quality (CEQ) Regulations on Implementing National Environmental PO1icy Act Procedures (40 CFR
1500-1508) and OOE Guidelines for Compliante with the National Environmental Policy Act.z

Executive Order 12088 (October 13, 19781. 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.

2.

3.

4.

5.

6.

The

Toxic Substances Control Act (15 USC 2601 et seq.),

Federal Water Pollution Control Act (33 USC 1251 et seq.),

%1 ~~ Health Service Act, as amended by the Safe Orinking Water Act (42 USC 300 (f) et

Clean Air Act (42 USC 7401 et seq.),

Noise Control Act (42 USC 4901 et seq.), and

Solid Waste Oisposal Act (42 USC 6901 et seq.).

Executive Order also requires Federal compliance with radiation guidance pursuant to
Section 2174(h) of the Atanic Energy Act of 1954, as mended [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 tierever there is a practicable alternative. The 00E
has issued regulations 10 CFR Part 1022 for cmpl iance with these Executive Orders.

Clean Air Act (42 USC 7401 et seq.)
Q

as mended by the Clean Air Act hendments of 1977 (PL 95-
Section 118 provides for the control of air PO1lution by Federal facilities. It requives

tha; each Federal agency, such as the oOE, having.jurisdiction over any property or facility that
may result in the discharge of air pollutants ccinplywith “al1 Federal, state, interstate, and
local requirements,,with regard to the control and ab{tament of air pollution. Authority for
regulation of air emissions has been delegated by the EPA to the South Carolina Department of
Health and EnvirornnentalControl (OHEC), Bureau of Air Quality Control.

Federal Water Pollution Control Act, as mended by the Clean Water Act of 1977 (33 USC 1251 et seq.~.
This Act requires all branches of the Federal government engaged in any act1vity that may resu1t
in a discharge or runoff of pollutants, excluding materials regulated under the Atomic Energy Act

~-1 of 1954, to cmnply with Federal, state, interstate, and local requirements. Authority for imple-
Smentation of these requirements has been delegated to OHEC and to the U.S. Army Corps of Engineers

H-2 for dredge and fill OPerations-

Resource Conservation and Recovery Act (RCRA) of 1976 (42 USC 3251 et seq.~. This Act governs
the generation, managmentv transportation, and isposal of solid hazardous wastes. It does
not apply to source, by-product, or special nuclear material that ~ regulated by the AEA of 1954
(42 USC 2011 et seq.). 00E has also taken the position that hazardous waste generated by OOE
activities p“rs”ant to the AEA are subject to 00E standards and, therefore, “at subject to
regulations under RCRA.

Noise Control Act of 1972 (42 USC 4901 et seq.). Section 4 of this Act direct$ all Federal
agencies ‘“tothe fullast extent within their authoritylnto carry out progrms within their
jurisdiction i“ a manner that furthers a national policy of promoting an environment free from
noise that jeopardizes health or welfare.
fullest extent possible.

The 00E will ccanplywith such requirements to the

@
Endangered Species Act of 1973 (16 USC 1531 et seq.). The Endangered Species Act of 1973, as
mended, is intended to prevent the further decline of endangered and threatened species and,
also, to bring about the restoration of these species a“d their habitats. The Act, which iS

.
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●
jointly administered by the Departments of Comerce and Interior, does not require a petmit,
certification, 1icense, or other formal approval. Section,7 does, however, requfre 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 al1 necessary precautions
to ensure that its proposed action wi11 not jeopardize the continued existence of any threatened
or endangered species andlor their critical habitats.

The sections that follow sumarize the Federal and South Carolina applicable requirements with
which the OMPF project wil1 comply.

6.2 FEOERAL ANO STATE PERMITS AND APPROVALS

6.2.1 Historic preservation

No particular petmits, certifications, or approvals are required relative to historic preserva-
tion. However, the 00E must provide an opportunity for cement and consultation with the
Advisory Council on Historic Preservation as required by the Hfstoric Preservation Act of 1966
(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 cement 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
nontinateproperties under their jurisdiction or control to the National Register of Historic
Places if the properties qualify. Until this process is complete, the agency must provfde the
advisory council an opportunity to comnent on the possible impacts of proposed activities on
eligible properties.

An archeological and historic survey of the OWPF site was completed in 1979 and that of the salt
burial area in 1980. The surveys revealed no sites that meet the criteria for eligibi1ity for
inclusion in the national register. The OWPF site survey results were reviewed by the South
Carolina 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 OWPF process and operations, in addition to the immobilized high-level waste containerized
for dfsposal in a Federal reposftory, wi11 produce the following types of solid waste materials
containing radioactivity:

1. salt (or saltcrete),

2. low-level waste (LLW) from itmnobilization operations, and

3. contaminated equipment.

The disposal of all these materials is governed by the AEA, as amended, and related OOE require-
ments. As described in Sects. 3.1.2.2 and 3.1.3.2, the salt will be disposed of in a burial
faci1ity that is designed and constructed to comply with the 00E, EPA, and OHEC guidelines and
regulations applicable to both low-level radioactive and hazardous wastes. OOE regulations for
the disposal of the radioactive wastez govern the disposal of the salt in accordance with the
AEA; thus, no specific petmits are rquired. Other solid radioactive waste fwm the OWPF wi11 be

appropriately packaged and tFanspOpted fOr disposal to a currently operating onsite radioactive
waste burial area at the Savannah River Plant (SRP).

The

1.

2.

3.

4.

5.

OWPF 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

industrial and chemical waste treatment sludge.

fly ash, bottom ash, and scrubber sludges will be disposed of in an ash pond near the OWPF.
pther nonradioactive solid wastes wi11 be transported from the OWPF to existing storage or

disposal facilities at the SRP and wi11 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 1ist 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).

6.2.4 Water quality

Industrial and dmestic water for the DWPF wi11 be provided from new water wells constructed for
that purpose at the DWPF site. Before wells are dri1led, the DOE wj11 obtain a peymjt to ~on~tr”ct
a noncommunity public water supply system from the Water SuPplY Division of DHEC.

Section 402 of the Clean Water Act as mended is the basis for controlling “point-source” discharges
of pollutants into the navigable waters of the United States through the National Pollutant
Discharge Elimination Systsm (NPOES) 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., wil1 be CO1lected
by the chmical 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 wi11 be discharged separately. The DOE wi11 obtain a permit to construct the
discharge facilities fran the Industrial and Agricultural Wastewater Oivision (IAWO) of DHEC.
Six months before startup, DOE wi11 request from OHEC an mentient to the NPOES permit for the
overal1 SRP operations to include discharges frm the OWPF.

Section404 of the Clean W star Act,as amended, isthe basisfm requi~ m entscontrollingdredge
and fin operations.Thisact give the CCWPSof Engineersthe broad authtity to regulateacti-

D-1, vitiesin wetlandsof g~atw than10 acres(33 CFR 323). Because of Sun Bay’ssizeof about1
H-2 hectwe (2 acres),00 E has determinedthat a Section404 permit willnot be requtid.

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 nation frm the degradation of air quality, The PSO require-
ments are based on the 1977 amendments to the Clean Air Act. The act establishes .sclassifica-
tion syst~ for areas where air quality is better than that requived by the “atio”al ambient
air quality standards and 1imits the permitted incremental increases in pollutant concentrations.
Authority to apply PSO 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 DDE will obtain from OHEC a permit to construct
the coal-fired boiler that satisfies the PSO requirements and conforms to the New Source Perform-
ance Standards established by the USEPA. Before the beginning of normal operation OOE wil1
submit to OHEC an application for an operating permit. OHEC wi11 then evaluate the instal1ation
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) oHEC wi11 issue 00E a Permit to Operate.

The concrete batch plant used d“ri”g OWPF construction and the saltcrete plant wil1 each require
a pe~it to construct from the OHEC.BAQC a“d a Permit to Operate fvom the same regulatory agency,

1.

2.

3.

REFERENcES FOR SECTION 6

US. Department of Energy, 00E Manual, chap. 0524.

U.S. Department of Energy, “Guidelines for Compliance with the National C“viro”me”tal
PoTicy Act,” Fed. Regist, 45(62): 20694-20701 (Mar. 28, 1980).

Savannah River Ecology Laboratory, University of Georgia, A Biological InVento~ of the 9
fiopo8ed Site of the Defewe Wa8te Proce8.si~ Facility on the .saoanmh River Plant in Aiken,
South Caro Lina, AWUU1 Repo~t October 1, 198o, DE-Ac09-76SRO0819, 19B0.
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Leonard A. Abrams
NUS Corporation

B.S., Metallurgical
Institute

Graduate courses in

Engineering, Virginia Polytechnical

metallurgy, ORINS

EXPERIENCE, TECHNICAL SPECIALTY Experience –30 years (Publications). Nuclear technology
background; nuclear fuel cycle waste processing,
packaging, and transportation; facility safety
analysis.

EIS RESPONSIBILITY Assisted S. C. Allen in preparation of Sect. 3.

NAME and AFF1L1ATION

EOUCATION

S. Clark Allen
NUS Corporation

Ph.O., Chemical Engineering, U. of Missouri
M.S., Chemical Engineering, U. of Missouri
B.S., Chemical Engineering, U. of Missouri

EXPERIENCE, TECHNICAL SPECIALTY Experience – 16 years [Publications –6). Ma”ageme”t
responsibilities –multi-disciplinary environmental
baseline studies, trace metal analysis; EPA technicel
advisor.

EIS RESPONSIBILITY Lead responsibility for preparation of Sect. 3.

NAME and AFFILIATION

EOUCATION

Linda G. Berry
Oak Ridge National Laboratory

Ph.O., Sociology, U. of Tennessee
M.A., Sociology, U. of Tennessee
B.A., Sociology, U. of California, Riverside

EXPERIENCE, TECHNICAL SPECIALTY Experience –6 years (Publications –16).
Demography, social impact assessment, evaluation
research.

EIS RESPONSIBILITY Assisted in preparation of Appendix K.

NAME and AFFILIATIoN

EDUCATION

John W. Boyle
Oak Ridge National Laboratory

M.S., Chemistry, Enmry University
B.S., Chemical Engineering, EMry University

EXPERIENCE, TECHNICAL SPECIALTY Experience –38 years (Publications –25). Chemical
effects of ionizing radiations and photons; management
responsibilities multidisciplinary enviromnental
impact statements.

EIS RESPONSIBILITY Project manager for preparation of EIS; prepared Sect. 1.

NAME and AFFILIATION Robert B. Braid, Jr
Oak Ridge National Laboratory

EDUCATION Ph.D., Political Science. University of Tennessee
M.A., Political Science, University of Tennessee
B.s., Political Science, Lambuth College

EXPERIENCE, TECHNICAL SPECIALTY Experience –10 years (Publications –25). Political
science, energy policy, social impact analysis.

EIS RESPONSIBILITY Assisted in preparation of Appendix K.
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Helen M. Braunstein
Oak Ridge National Laboratory

Ph.O., Physical Chemistry, University of Maine
M.S., Chemistry, University of Maine
B.A., Chemistry, University of Maine

ExPERIENCE, TECHNICAL SPECIALTY Experience –lo years (Publications –29). Environ-
mental health, trace elements in the environment,
coal conversion, biomass, thermodynamics of
solutions.

EIS RESPONSIBILITY Prepared sumnary, Sects. 5.6, 5.9, 5.10, glossary,
index, and assisted in revisions.

NAME and AFFILIATION Lois M. Bronfman
Oak Ridge National Laboratory

EDuCATION Ph.O., Political Science, University of Oregon
M.A., International Relations, Johns Hopkins University.

School of Advanced International Studies, Washington,
O.c.

B.A., Political Science, Michigan State University

EXPERIENCE, TECHNICAL SPECIALTY Experience –7 years (Publications –15).
Social impacts and policy analysis; management Of
radioactive and hazardous wastes.

EIS RESPONSIBILITY Assisted in preparation of Appendix K.

NAME and AFFILIATION Stephen K. Breslauer
NuS Corporation

EOUCATION Graduate courses in Nuclear Engineering, University of
Cincinnati

B.A., Physics, Cornell University

EXPERIENCE, TECHNICAL SPECIALTY tiperience –23 years (Publications). Management in
environmental pngrams, nuclear-plant siting studies,
multidisciplinary studies. Reprocessing Of nuclear
wastes and storage. Safety evaluation of nuclear
facilities.

EIS RESPONSIBILITY Manager for NuS Corporation OWPF related activities
Prepared Sects. 2, 5.7, 5.B, and 6. Assisted in
revisions.

NAME and AFFILIATION

EOUCATION

Samuel A. Carries
Oak Ridge National Laboratory

Ph.O., Political Science, Northwestern University
M.A., Political Science, University of New Mexico
B.A., Chemistry, University of New Mexico

EXPERIENCE, TECHNICAL SPECIALTY Experience –6 years (Publications – 15). Social
impacts and policy analysis, land-use, hazardous and
radioactive waste management.

EIS RESPONSIBILITY Assisted in preparation of Appendix K.
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Sherri J. Cotter
Oak Ridge National Laboratory

M.S., 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.

David K. Dougherty
NUS Corporation

B.S., Biochemistry (Honors and Distinction), University
of Oelaware

Experience –8 years (Publications). Pathway and
radiation dose assessments, radiological impact
analysis, environmental monitoring.

~jor contributor to Sect. 5 and Appendices J and L.
Prepared sections on radiation health effects from
routine and accidental releases; 100-year environ-
mental dose commitment; accident scenarios.

Gerald J. Edgley
NUS Corporation

Master of Urban and Regional Planning, George Washington
University

B.s., Conservation and Resource Development, University
of Maryland

Experience – 9 years (Publications). Urban and regional
planning, socioeconomic, fiscal analysis, transpor-
tation analysis, community development and land use.

Assisted in the preparation of Appendix K

NAME and AFFILIATION Peter H. Feldhausen
NUS Corporation

EOUCATION M.S., Geology, University of Wisconsin
B.S., Geology, University of Wisconsin

EXPERIENCE, TECHNICAL SPECIALTY Experience –13 years (Publications –21), Registered
geologist, registered geophysicist; In>ultidisciplivlary
enviwnmental projects, oceanographic and continental
shelf studies, siting of high-level radioactive waste
repository.

EIs RESPONSIBILITY Prepared Sect. 4.4 and Appendix G.
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Robert 0. 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
analysis, public policy analysis, assessment of
nuclear waste policy options, assesswnt of energy
related programs.

Prepared Appendix H.

Gonnan S. Hill, Jr.
Oak Ridge National Laboratory

M.S., Zoology, University of Tennessee
B.S., Zoology, Lincoln Memorial University

Experience – 35 years (Publications –20). Certified by
U.S. Board of Health Physics. Radiation bioTogy and
health physics, environmental impact assessment,
radiation dose assessment to maximum individua~ and
regional population.

Prepared Sect. 4.3. bjor contributor to Sects. 5.1,
5.2, 5.3, 5.5 and Appendices J and L. Responsible
for radiological impacts including radiological doses
frm routine liquid and airborne releases and
accidents involving radioactivity.

Elaine G. Llewellyn
Oak Ridge National 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 James F. McBrayer
Oak Ridge National Laboratory

EOUCATION Ph.O., Ecology, University of Tennessee
M.S., Entomology, Purdue University
B.S., Biology, Miami (Ohio) University

ExPERIENCE, TECHNICAL SPECIALTY Experience – 9 years (Publications –30). Research
and assessment on environmental consequences of energy
production, utilization, and waste disposal, ecosystem
ecology, cycling of radionuclides.

EIS RESPONSIBILITY Prepared SeCt. 4.1. 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, TECHNICAL SPECIALTY Experience – 2 years (Publications –8). Socioeconomic
impact analysis, cost/benefit economic analysis,
energy systems, regulatory, and urban impact analysis.

EIS RESPONSIBILITY Prepared Sect. 4.2.

NAME and AFFILIATION Patrick J. Mulholland
Oak Ridge National Laboratory

EOUCAT10N Ph.O., Environmental Biology, University of North
Carolina

M.S., Sanitary Engineering, Cornell University
B.S., Civil and Environmental Engineering, Cornell

University

EXPERIENCE, TECHNICAL SPECIALTY Experience –3 years (.Publications–9). Aquatic
ecology, environmental impact assessment of nuclear
fuel cycle facilities and coal-fired plants, nutrient
spiraling in stream ecosystems, wetland ecology.

EIs RESPONSIBILITY Major contributor to Sects. 4.5, 4.6, 5.1, 5.2, 5.3,
5.5 and Appendix N. Responsible for impacts to
aquatic ecology.

NAME and AFFILIATION Joseph F. O’Brie”
NUS Corporation

EouCATION M.E., Water Resources Engineering, Clemson University
M.S., Chemistry, Lehigh University
B.A., Chemistry, Lehigh University

EXPERIENCE, TECHNICAL SPECIALTY Experience–32 years (Publications –17). Hydrology,
land-use and water-use analysis, nuclear weapons
effects, new materials development.

EIS RESPONSIBILITY Major contributor to Sects. 4.5 and 5.4. Prepared
Appendix F. Responsible for ground water hydrology.

NAME and AFFILIATION Ellzabeth B. Peelle
Oak Ridge National Laboratory

EOUCATION M.S., Sociology, University of Tennessee
B.A., Chemistry, Western College

EXPERIENCE, TECHNICAL SPECIALTY Experience –12 years (Publications -22). Comunity
impacts of energy facilities; mitigation of social
impacts; institutional analysis of siting.

EIS RESPONSIBILITY Contributor to Sects. 4.2, 5.1, 5.2, 5.3, and 5.9;
also Appendices E, H, and K. Responsible for
socioeconomic sections.
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Ramana K. Rao
NuS Corporation

EDuCATION Ph.D., Wteorology, University of Utah
M.S., Oceanography and Meteorology, University of

Michigan
B.S., Math and Physics, Andhra University, India

EXPERIENCE, TECHNICAL SPECIALTY Experience –10 years (Publications –3). Atmospheric
dispersion modeling, health effects from air emissions,
radiological impact assessments, site selection
studies, monitoring aSSeSSmefIt.

EIS RESPONSIBILITY Contributor to Sect. 5 and Appendices J and L.

NAME and AFFILIATION John H. Reed
Oak Ridge National Laboratory

EDUCATION Ph.O., Sociology, Cornell University
M.A., Sociology, Cornell University
B.S., Sociology, Iowa State University

EXPERIENCE, TECHNICAL SPECIALTY Experience –7 years (Publications –20). Environmental
sociology, social impact and policy analysis,
statistics and methodology.

EIS RESPONSIBILITY Contributor to Appendix K.

NAME and AFFILIATION Irwin J. Samec
NuS Corporation

EOUCATION ~sters of Urban and Regional Planning, Michigan State
University

B.A., Sociology, Illinois Wesleyan University

EXPERIENCE, TECHNICAL SPECIALTY Experience –11 years (Publications). Environmental
planning, environmental impact statements, and
socioeconomic impact analysis; socioeconomic and
land-use characterization; water pollution abatement;
transportation analysis.

EIS RESPONSIBILITY Assisted in preparation of Appendix K.

NAME and AFFILIATION Martin Schweitzer
Oak Ridge National Laboratory

EOUCATION M.S., Planning, University of Tennessee
B.A., Psychology, University Of l~ichi9an

EXPERIENCE, TECHNICAL SPECIALTY Experience–3 years (Publications –10). Urban
planning, social change analysis. environmental
impact analysis.

EIS RESPONSIBILITY Assisted in preparation of Sect. 4.2 and Appendix K.

NAME and AFFILIATION E. Jonathan Soderstrom
Oak Ridge National Laboratory

EOUCATION Ph.O., Psychology, Northwestern University
B.A., Psychology, Hope C011e9e

●
ExPERIENcE, TECHNICAL SPECIALTY Experience –4 years (Publications – 10). Evaluation

and social impact analysis.

EIS RESPONSIBILITY Assisted in preparation of Appendix K.
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Robert H, Stevenson
Oak Ridge National Laboratory

M. S., (in progress) Urban Planning, I.lniyersity of
Tennessee

M. P. H., Public Health, University of Tennessee
6.S,, Health Sciences, Ball State University

EXPERIENCE, TECHNICAL SPECIALTY Experience -1 year (Publication –l). Environmental
health, urban planning, environmental education.

EIS RESPONSIBILITY Major preparer of Appendix E.

NAME and AFFILIATIoN John C. Tseng
Savannah River Operations, Wpartment of Energy

EOUCATION M.S., Environmental Health Engineering, Northwestern
University

B.S., Aeronautical and Astronautical Sciences,
Massachusetts Institute of Technology

EXPERIENCE, TEcHNICAL SPECIALTY Experience – 10 years (Publications). Professional
Engineer – State of Illinois. Environmental ~“9j.
neering and radiation protection, compliance with
regulations, environmental mnitoring, environmental
impact assessment.

EIS RESPONSIBILITY Primary reviewer for Savannah River Operations.
Responsible preparer for Appendices A, B, C, 1, M.

NAME and AFFILIATION Oennise O. Wicks
NIJSCorporation

EOUCATION B.A., Geography, University of Oelaware

EXPERIENCE, TEcHNIcAL SPECIALTY Experience –2 years (Publications). Environmental
planning, socioeconomic impact assessment, sitj”g of
plant facilities.

EIS RESPONSIBILITY Assisted in preparation of Appendix K.

NAME and AFFILIATION Timothy A. Wheeler
Sandia National Laboratories

EDUCATION M.S., Systems Engineering, University of Virginia
B.S., Mechanical Engineering, University of New
Hampshire

EXPERIENCE, TECHNICAL SPECIALTY Experience –1 year (Publications). Radiological
impact analysis of transporting radioactive materials
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formforsubsequentdisposal.Since the

DEPARTMENT OF ENERGY
method ofdisposalhas not been chosen,

Aslst8ntS8cretaw forNuclear
Energy

Long-Term Managemerd ofOefense
High-LevelRadioactiveWastes
(Researchand &velopment Program
forImmoblllzatlon),Savannah River
PlantRecord 01Oeclslon

Decision

The decision has been made to
aontinue a large Federal research and
development (R&D) program directed
toward the immobilization of the high.
level radioactive wastes at the
Savannah River Plant (SRP) and not to
undertake an R&D program on direct
disposal of the wastes in bedrock.

Background

The SRP nearAiken, South Carolina.
is a major installation of the Department
of Energy [DOEI for the production of
nuclear materials for national defense. [t
beganoperationsintbeearly19s0’sand
iscurrentlytheNation’sprimarysource
ofreactor-produceddefensematerials.
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 wasle
ba$ been and is continuing to be stored
safely in underground tanks that are
engineered to provide reliable storage of
tbe waste isolated from the
environment. DOE is developing
methods for permanent disposal of #hese
wastes.

DOE publisbed the final
environmental impact statement “fang-
Term Management of Defense Htgb-
f.evel Radioactive Wastes [Research
and Development Program for
Immobilization). Savannah River Plant,
Aiken, South Carolina,” [DOE/Sf=23)
in November 1979. Notices of its
availability were published in the
F6deml Register by DOE on December 3.
IWE [44 FS 1193301and by the
Snvimnmental protection Agency on
December 7,1978 [44 FS 70363).

Owuiptfon of Action

The multi-year R&D program being
continued is aimed at developing the
technology for removing tbe wastes from
tbe tanks, concentrating them into a Klgb
activity fraction, and immobilizing the
radioactive nuclides in a high integrity

the R&D pro~am is s“fficie”tly broad i“
its initial stages so that it can be
modified in later stages as appmprinte.
to satisfy the immobilization
requirements of a variety of disposal
techniques. Moreover, the R.sD program
provides for the development of a
variety of waste forms. to permit the
ultimate waste form to he 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 !his decision are

1, terminate the immobilization R&D
program and continue tank storage of
the wastes indefinitely with transfer 10
“ew tanks about e“e~ 50 years (“u
action alternative).

2, fund a“ R&D program for direct
disposalofthewastei“bedrockunder
theSavannah River Plant.

Basic for Decision

Orientation of the Savannah River
technology development program
toward conversion of the waste to a
high-integrity form for s.bseque”t
disposal has been influenced by p“b!ic
opinion and perception of risks, as
expressed through government.] bodies
und special interest groups. For
example, comment letters o“ DOE/EfS-
tM23D were receivedfromtbeGovernor
oftheStateofGeorgiaindicating
OppositiOntObedrockdisposalofwaste
undertheSRP site,and from the US.
Environmental hotectio” Agency
categorizing any bedrock disposal
option at SRP as Environmentally
Unsatisfactory.

The decision to continue the R&D
program is consistent with the
recommendation of the [nteragcncy
Review Group o“ Nuclear Waste
Management [IRG) that

‘DOE accelerate its R&D activities
.rientedtowardimproving
immobilizationand wasteformsa“d
reviewitsc“~nt immobilization
programsin the light of the latest views
of the scientific and technical
community. Stnce final processing of
defense waste has been deferred for
three decades the lRG also recommends
that remedial action, including
im.mobilization of the waste. should
beginassoonaspracticable.’,
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A great deal of-uncertainty IS
associated with the prediction of the
envimntnental impacta which could
result over very long periods of time
from the disposal of radioactive wastes,
Accordingly, DOE has selected the
conservative approach of proceeding
with the immobilization R8D program.
Although the environmental impact8
which are predicted to ms”lt from
implementing any ofthe alternatives are
small, proceeding with the
immobilization R&D pro~ram 1s the most
cansewative approach to provide an
option to help assure that the waate will
not enter the biosphere and will pose no
significant Ibeat to public health and
safety.

The most significant quantifiable
differences hetwee” the alternatives are
the differences in budgetary costs. The
estimeted capital and operating cost of
the alternatives i“ cc,”stant 1s80 dolla,s
are: perpetual te”k storage, SIO mil]iom
bedrock disposal. 3T55 million and
immobilization for disposal, $3~ 10
.S375P million, Although implementation
t,f the immobilization R&D program is
the costliest tiltemative. retaining SW
wastedisposal method flexibility and
responding to tbe expressed public
concern to minimize the risk of exposure
tO tbe general population from
radioactive waste disposal justify
co”tinuatio” of the immobilimtion R&D
program.

Discussion of Envimnme”tally kferred
Alternatives

There are ““ suh8ta”tial
environmental impacts arising from
nUCle81 radiation for a“y of the
allematives. The offsite pop”] atio”
exposure risk from the alternative with
the highest risk (liquid ~aate stored i“
SRP bedrock cavern)is more than one.
thousand fold lower than natural
radiation exp.as”re to the same
population. Nonnuclear fatalities 10be
expecl,ed from con8~ction ~“d
OPeratlng activities related to each
alternative am greater than tho~e [ha!

wOuld be expected for radiation effects.
but am no larger than the risks
voluntarily accepted by i“d”stpi.gl
workcm,. Off-site radiation ri~k~,
occupational e*poB”fe*, “On””ch,ar
risks. and other environmental effects
are small in absolute magnitude for all
options analyzed,

On a relative besis, some difference
in environmental impact among the
alternatives are evident, The no action

alternative would result in lower
occupational exposures hut hi8her
0ff8i te population dose risk and more
nonnuclear accidental fatalities than
would implementationofthe
immobilizationR&D progra”.
Alternative 2 [bedrock disposal] is
estimated to result i“ the lowest
occupational radiation expo8”re and the
lowest ee.timatedfatalityratefrom
nonnuclear accidents but the highest
offsite population dose risk. Sased on
the judgment that offsite population
radl.stion dose risk Over time [8 ~ more

important consideration than either
occupational dose risk or fatalities from
nonnuclear accident?. the analysis in
DOE/S3~Z3 indicates that the
immobilization R&D program with the
lowest potential offsite population dose
risk is the enviro”mentelly preferable
alternative. This ia primarily due to the
degree of isolation afforded by
rendering the wastes less mobile in tbe
environment.

Occupational related risks such as
occupational radiation exposure s“d
nonnuclear acciden!s generally are
voltl”tary in nature; conversely, of fsite
radiation exposures are involuntary in
nut”ro and involve a greaternumber of
people. Accordingly, the of fsite
population dose was the controlling
c“”sideration in selecting continuation

of tbe immobilization R&D program as
the environmentally-preferred
alternative.

Considerations in Implementation of the
Decision

“Checo”ti”.ation of the DOE R&D
program to immobilize the SRP liquid
high.level r~dioactive waste ~i]l “01
pose any significant adverse
environmental impact prior to a
proposal for a specific facility which
would be tiddressed in a wparate NEPA
review. No mitigation activities are
anticipated,

FOPthe Uni!ed Slates Departme”l of
F“ergy.

Dated: February 1, lw.

Gmrge W. Cunningham,

Assi,fo,,f ~m,a~ for Nuc/eorEnewy,

1PMIJ(n W.W,:* ,’1,,( z.,,a. ,,, >,.,
s,LLnlc cm 8,X-O,*

—— .



Appendix B

DWPF ALTERNATIVE WASTE FORMS PROGMM



Appendix B

DWPF ALTERNATIVE WASTE FORMS PROGRAM

B.1 SUWRY

Evaluation of potential waste forms for imobil ization of 5RP high-level waste began in ?973;
borosilicate glass was selected as the reference waste form in 1977. As a backup to borosi1icate
glass, several alternative waste forms were evaluated for possible application to SRP waste.
Final selection of the waste form for the proposed Oefense Waste Processing Facility (OWPF) wil1
be made by October 1983, based on results of this Alternative Waste Form (AwF) Program and the
associated environmental review.

The current AWF Progrm 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 borosi1icate
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.L In addition to the reference borosi1icate glass form, three generic
forms were selected for more analysis: high silica glass frm a porous glass matrix process;
generic crystal1ine ceramic, such as SYNROC or tailored supercalcine ceramic; and generic
coated ceramic particles. In the second step, these forms were compared to the reference
borosi1icate glass form for safety, processing, performance characteristics, and resulted in
the selection of crystal1ine ceramic as the alternative waste form.

Basic elements of the AWF assessment progrm 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 wi11 be
performed to assess and document the potential environmental impact of alternative waste form(s).
This review wil1 serve in conjunction with data frm the waste form develo~ent programs as the
bases for the final waste form decision.

It is recognized that selection of a waste fom other than borosi 1icate glass for SRP waste
would impact the OWPF 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 wil1 be integrated into
the DWPF design effort insofar as is practical.

6.2 PROGWM

The program to develop an imnobilization process for SRP high-level radioactive waste began in
1973. The characteristics of SRP waste were investigated to define tentative criteria for
acceptable waste forms. Subsequently, a 1iterature 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 results of this study are provided in the report, Solid Forms for Sauanwh River High-Level
Wastes. 2

TC

Based on the above study, concrete and borosilicate glass were selected for further evaluation.
Waste forms were produced usin simulated and actual SRP waste, and conceptual designs were

?completed. After evaluation3- of the waste form properties and process requirements, boro-
si1icate glass was selected as the reference OWPF waste form in 1977. A major effort is
currently underway to develop the technology required to imobil ize SRP high-level waste in
borosilicate glass.

B-3
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IIIaddition, DOE has investigated several alternative waste forms that appeared to possess
o

better product performance characteristics than borosilicate glass. Preliminary repository
acceptance criteria have been established, and preliminary 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 OWPF,
viable alternative forms with the highest potential for improved performance over the reference
borosi1icate glass form were evaluated in a Savannah River Laboratory (SRL) assessment program.
Forms with poorer product performance properties were not cons 1dered further. A recent screening
evaluation indicated that processing complexity for all forms evaluated except one was greater
than for borosilicate glass. That exception was similar to glasS in process ccsnplexitybut had
poorer product performance properties.

Information on the selected alternative wi11 be developed for fabdication and performance
characteristics; on processing characteristics including production feasibility, cmplexity,
equipment requirements, and compatibility with remote operation; and on impact of the alternative
fonn on the safety of the total iinnobilization system frm manufacturing to terminal storage in
the repository. Processing and equipment considerations wi11 be addressed in the development and
assesment progrms.

The principal elments of the AWF assessment program are listed below and discussed in detai1
in the next section:

1.

2.

3.

4.

5.

6.

The

assessment of alternative waste forms, selection of most promising fores for detailed
evaluation, and final selection of waste form for the OWPF;

develo~ent and character zat{on of waste forms;

comparative testing of alternative forms containing simulated waste;

process development;

conceptual design studies to determine impacts of AWFS on the DWPF; and

Pisk assessments (dose-to-man) associated with al1 components of the waste form manufacturing-
disposal system.

AUF assessment program for SRP waste relies on the development of the selected forinsand
their processes by contractors of 00Eas Natjo”al HLW Technology Progr~.’, 71~ The basis for
final waste form selection for the DWPF will be the combined results of contractor developnlent
programs and the SRL assessment program, Final selection wi11 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 studies under the Transportation
Technology Center at Sa”dia National Laboratories; and the development of waste form acceptance
criteria by the Nuclear Regulatory Cmnnission (NRC) in conjunction with ONW1. Figure B.1 gives
the schedule for-OWPf construction and operation, including the waste form selection, and its
relationship to the’.repository and transportation programs.

B.2.I Proqram elsments

B.2.1.1 Assessment aod selection of waste form

The preliminary screening ev.sluatio”lof eleven waste form candidates was completed and
three generic forms, in addition to borosilicate glass, were selected for more detailed analysis:

1. high silica glass fran a porous glass matrix process,

2. generic crystalline ceramic such as SYNROC and other tailored ceramfc, and

3. generic coated cermic particles.
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~C The generic forms selected represented at least five sPecific fOrms
Other conclusions reached frcnnthe preliminary assessment were:

1. borosi1icate glass is the best overal1 choice of waste form at
highest ranking for a combination of performance (product) and

and process altcrnat.fve.,. ●
this time, havto~ the
process factors;

2. none of the ten alternative forms assessed apPear to offer improvements tn vrocessinq over
borosilicate glass; and

3. additional R&O of the a~ternative 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 developed.
Based on product and process data developed on leaching tests of candidate forms at SRL and on

TC engineering studies of the conceptual processes, the crystal1ine ceramic form in addition to
borosilicate glass was selected for further study. The final selection of the waste form for the
OWPF wi11 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&O on candidate
TC 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 selected after the pre-
1iminary screening, the following contractors participated:

1. borosi1icate glass at sRL and Pacific Northwest Laboratory (PNL);

2. high silica glass at Catholic University of America (CU);*

3. tailored cermic at Rockwel1 International (RI)lPenn State University; SYNROC at LLNL,
Argonne National Laboratory (ANL), North Carolina State University; and

4. coated ceramic form and coating development at PNL/Battelle Columbus Laboratory (8CL);
coated ceramic particles via sol-gel processing at Oak Ridge National Laboratory (ORNL).

The program in FY.1982 and beyond fov the SRP defense waste application wil1 focus on demonstration
of compatibi1ity with SRP waste. Basic form development wil1 probably be continued by the
National HLW Technology Progrm 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.

TC

B.2.1.3 Characterization of waste form performance

A comparative 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 Implewnted in F’i-1980. The Materials Characterization Center at Pacific Northwest Labora-
tory (PNL) provided similap data for more fo~ms under the National pt.ogram. Samples of candidate
waste forms were provided by the developers for the SRL leach testing program. Oata 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-
Si1icate glass as the reference form a“d further product a“d process develo~”t Of a ~ryStalli”e
ceramic form.

*
Oeveloper of high-si1ica glass waste form under subcontract to NPD Nuclear Systems, Inc.

*
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B.2.1.4 Process and equipment development

Preliminary process development and testing wil1 be done primarily by the waste form
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 initfated in FY-1983 to develop and demonstrate the production process.

B.2.1.5 Engineering design studies

Translation of the bench-scale processes under develo~ent 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. Prelimin.sryconceptual designs were completed by August 1981
for the three generic forms selected. These studies wil1 provide conceptual flowsheets, scope
equipment requirements, develop impacts on the DWPF, and produce estimates of incremental costs
relative to the borosilicate glass reference case.

rc

rc

B.2.1.6 Risk assessments

The waste form selected for the DWPF must provide acceptably low exposure risks to people.
Risk assessments wi11 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 wi11 1ikely have the greatest risk to man, repository risk
considerations may dominate because of the difficulty of quantifying risk over SIOS years. A
preliminary release consequence analysis for borosilicate glass in a salt repository was
developed by DNWI. A more extensive analysis covering the forms of interest for SRP waste in ITC
salt, basalt, and granite is being developed by Lawence Livermore National Laboratory (LLNL) and
should be completed in FY.1982. Comparative risk assessments covering production, interim
storage, transportation, and disposal in a repository of the candidate waste forms wil1 be
performed in FY-1982. These risk assessments wi11 be an important part of the environmental
reviw 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
reduction from 11 to 4 generic 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
oWPF).

8.3 RELATIONSHIP TO OWPF AND REPOSITORY PROGRAMS

The schedule for the Oefense Waste Processing Facility calls for construction to begin early in
FY-1983 and operation (for the Stage I faci1ity) to begin in late FY-1988. Oesign of the OWPF
is proceeding based on the reference borosilicate glass process. If, however, an alternative
form is selected instead of borosi1icate glass by October 1983, the major impacts would be

rc



B-8

1. delsy In the DUPF schedule by 1 to 4 years to allcw for process development and design
changes to the fnanobil ization facility,

●
2. costs of abandoned deSign, estimated to be 1ess than lW of the project cost; and

3. increased cost of a larger production facility.

The first two impacts wil 1 be minimized by the continuing pPocess of reassessing the alternatives
and tak { ng approprl ate acti on. For example, the DWPF construction start-up could be delayed

should the Crystalline Ce?mfC form show an outstanding promise. Also, process develo~ent of
TC the crystal 1 f“e ~erm$c fO~ could be accelerated to minimize the overall delay. SUff icfent data

frmn the development Progrm wfl 1 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 selectfon process for the QWPF will involve a continuing evaluation

of results of the development progr~, described in Sect. 8.2, and an environmental revi~ that
W$11 make use of these results. Results frun these studies and frm canpar.stive risk analyses of

TC the ca”djdate forms for the production, transportation, and repository Systsms (Sect. B,2. 1.7)

will provide the bases for the environmental review. The environmental review will be cmnpleted
and documented on time to support the final waste form decision by October 1983, or ear1ier,
depending on results of the AW studies.

10.4 WASTE FORM DESCRIPTION AND DEVELOPMENT STATUS

The four waste forms that were selected for study in the AUF assessment program have varied
Tr product performance and process characteristics. Major attributes of the forms are sunsnarized

in Table 6.1. A brief description of earlier fores and their develo~ent status is presented
belaw,

——
..
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8.4.1 Bomsi 1icate glass (DWPF reference form)

The reference process and the alternative staged process for making the borosi1icate glass
waste form are described in Sects. 3.1 and 3.3, respectively. Both involve formation of a
vitrified !Iasteform 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 N2.8 g/mL) with about 28 wt % loading on an equivalent oxide basis, or about
0.78 g/mL waste density.

Major advantages of the borosi1icate 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 overal1 development effort. In the United States, development is primarily concentrated at
the Savannah River Laboratory (SRL) for SRP waste.9 Initial development was accomplished at
Pacific Northwest Laboratory (PNL).10-12 At SRL, the borosilicate glass process is being
successful1y demonstrated on an engineering scale with simulated (non-radioactive) waste and
tested on a laboratory scale with actual SRP waste. Physical property data have been obtained
On ,ful~-size nonradioactive forms and on small-scale forms made with actual waste.3 Results,
which Include extensive data on leaching behavior and data on mechanical and radiation stability,
indicate that borosi1icate glass is a most satisfactory imunobilization form for SRP waste.9

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 1600°C, which is
high wough 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.13

One option of the PGM process is similar to the in-can melting process developed by PNL fop
borosilicate glass. In this process, the waste sludge 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 monoliths. 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 2S Wt % of calcined waste.

The major advantages of the high-si1ica glass form are its potential for lower leachabi1ity than
borosilicate glass a“d 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
sti11 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 leachabi1ity relative to borosi1icate
glass may be achievable. A potential production process for this fotm has been defined and is
being evaluated in conceptual design studies.

B.4.3 Crystalline ceramics

Two crystalline ceramic fores are being developed which would bind the waste elements within
mineral-1ike, leach-resistant phases: the “Tailored Ceramic” fomlq under development at
Rockwel1 International (RI) and the “SYNROC” form under developinentfor defense wastes at
Lawrence Livermore Laboratory. The Tailored Ceramic form, which is n!ainlycomprised of spinel-
like 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,15 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 metal canister and then sintered under
pressure by hot isostatic pressing at taperatures of 1100°.12000C to form a dense, encapsulated
ceramic with the desired cyrstalline phases. The final form envisioned is a cylinder about
0.5 m in diameter by 1.1 m high, with waste loadings of 30 to 70 wt % on a dry oxide basis.

‘IF-B
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Major advantages of Ceramf: waste forms are their lower leachability and higher thermal stabilIt.y,
although high the~al ~tabllltY Is not necessary for the low heat containing defense wastes.
These improved properties, hOwever, can OnlY be realized th?Ough use of a Si9nifjcantl.ylnore
complex process than the reference glass process.

Initial development of the crYstal1ine ceramic fo~s has been performed on a bench-scale with
simulated SRP waste. Preliminary formulations have been developed which incorporate 30 to 90
wt % waste, depending on composition. Early leach test results indicate factors of 10 to 100
decrease in leachabi,lity relative to bovosilicate glass for expected repository temperatures.
A potential production process for these forms has been defined and is being evaluated in
conceptual design studies.

B.4.4 Coated particles

Additional barriers to leaching could be provided by coating ceramic waste particles (0.1- to
10-m 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 particles.16s17 The development of technology to
aPPIY c0atin9 materials to sOl-9el derived ceramic-waste spheres is being performed at Oak Ridge
National Laboratory.18

Both the PNL and ORNL processes for obtaining mechanically stable, coatable particles are
extremely complex 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 difficulties, development of coated particle waste forms has
lagged behind the other alternatives. Very little relevant data exist for coated particle
forms.

A preliminary conceptual design study by du Pent 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
alternatives.

●
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Eco-inventory Studies, Inc.
80X 1896

MississippiSlate,b!S 39762

30 May 1979

Dr. Jan Caldr/el1
Savannah River,Ecology Laboratory
Drav,erE
Aiken, SC 29801

Oear Jan:

As you requested, we have surveyed the site on SRP you referred to
as “S” area for evidence of Red-cockaded Woodpeckers. I visited the
area on 15 and 16 May 1979 along with my v!orkcrew consisting of
C. D. Cooley, B. J. Schardien, D. Cavin, W. Pitcher, and K. Oay. We
!/alked 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 too
young ar too overgrolvn~iith thick hard!~oodunderstory. There are
some older trees in the area and much potential habitat for this
endangered species. If hardv)oodsare thinned, a controlled burn is
run through the area at about three year intervals, and the pines are
allovjedto reach ages of 80 years or more, Red-cockaded Woodpeckers
might colonize the area. Without such efforts 1 doubt that they would
use the site.

During 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 ivoods)

YelIo\#-shaftedF]icker - probably nesting near the clearcut area
Brov,nThrasher
Great Crested Flycatcher
Bob!#hite
Yellow-breasted Chat
Common Crobi
Tufted Titmouse
SununerTanager
Prairie Warbler - (numerous and probably nesting)
Pine Warbler
Turkey Vulture
Pileated Woodpecker
Hairy b!oodpecker
Red-bellied Woodpecker - (a male was excavating a nest cavity in a

dead stub at the edge of the clearcut)

c-3
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Carolina Chickadee
[astern Wood Pewee
Red-eyed Vireo
Blue-gray Gnatcatcher
Indiqo Bunting
Acadian Flycatcher

We will be returning to the Savannah River Plant next week and would
be happy to yisit the area tvith You if YOU have anY questions concerning
our observations or if You have additlonal sites for us to check.

Best regards,

+7
Jerome A. Jackson
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Eco-inventory Studies, Inc.
80X 1896

MississippiState,MS 39762

21 June 1980

Dr. Jan Caldwell
Savannah River Ecology Laboratory
Drawer E
Aiken, SC 29801

Dear Jan:

At your request Bernard Rowe, Bette Schardien, and 1 have completed
a survey of the approximately 1280 acres of forest area identified on
the attached maps as “alternate areas A and B.” We worked in these
areas on 22 }Iayand on 17, 18, and 19 June 198D. Of the acreage included
in these areas, some has already been cleared for other purposes and
sore 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 85o 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 recomend the use of alternate
~ite A for the proposed facility because of the already extensive disturbance
In the area.

Ouring our survey efforts
areas:

Alternate Site A

Mourning Oove
Tufted Titmouse
White-eyed Vireo
Indigo 8unting
8obwhite
Rufous-sided Tov{hee
Orchard Oriole
Carolina Chickadee
81ue-gray Gnatcatcher
Chimney Swift
81ack Vulture
Red-tailed Hawk
Eastern Wood Pewee
Pine warbler

we recorded the following bird

81ue Jay
Prairie warbler
81ue Grosbeak
Brown-headed Wuthatch
Red-winged Blackbird
Mockingbird
Belted Kingfisher
8am Swa11ow
Comon Yellowthroat
Yellow-breasted Chat
Red-headed Woodpecker
Eastern B1uebird
Great Crested Flycatcher
Field Sparro7d

species on the

Eastern Kingbird
SunsnerTanager
Red-shouldered Hawk
Bachman’s Sparro-d
Brown-headed Cowbird
Carolina Wren
ConimonCrow
OownY Woodpecker
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Bird species identified
Alternzte Site B

Red-bel1ied Woodpecker
Pine Warbler
Carolina Chickadee
Hournina Dove
Bobdhit:
Red-tai1ed Hawk
Rufous-sided Towhee
Yello,+-billed Cuckoo
Elue-gray Gnatcatcher
Dodny b!oodpecker
Carolina Wren
Brown-headed Nuthatch
Barn S,*allow
Nhite-eyed Vireo
Tufted Titmouse
CoEon Yellowthroat
Indigo Bunting
Erodn-headed Cowbird

incidental to Red-cockaded Woodpecker survey of

Sumer Tanager
Hairy Woodpecker
Eastern Wood Pewee
Pileated Woodpecker
Cownon Nighthawk
Yellomti-throatedVireo
Eastern B1uebird
Prothonotary Warbler
Yellow-shafted F1icker

Red-eyed Vireo
Comon Crovl
Acadian Flycatcher
Hooded Warbler
Cardinal
Ruby-throated Hununingbird

The abo,~especies likely nest in both of the areas visited - along with several
zpecies that were not encountered (because we were not really looking for them
-e.9. owl Species).

Thank you for the opportunity to do this survey. Please note on the attached
invoice that the check for payment xhould be made payable to Eco-inventory
StU4ieS, Inc., rather than to me personally.

If 1 can be of further assistance, please let me know.

~-’J~*D
,.

●
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November 7, 1981

Mr. R. N. Smith, Regional Director
United States Deparcmenc of the Interior
Fish and Wildlife Service
75 Spring Street, S.W.
Atlanta, GA 30303

Dear Mr. Smith:

PROPOSED CONSTRUCTION OF THE DEFENSE WASTE PROCESSING FACILITY, SAVANNAS RIVER
PLANT, LOG mERS 4-2-80-1-260 AND 4-2-80-1-83

The Department of Energy is considering the construction and operation of the
Defense Waste Processing Facility (DWPF) at the Savannah River Plant for
immobilizing the high-level radioactive waste in storage for disposal. A
Nocice of Intent to prepare an environmental impact statement (E IS) was
published in che Federal Register (45 Fs 15606, March 11, 1980), and cements
were received from W. C. Hickling of your Asheville Office (letter to G. Oertel
dated June 16, 1980, Re 4-2-80-1-260). This letter is a follonup to Dr.
Oertel’s response to Mr. Hickling dated August 25, 1980.

Refere”ce is also made to the letter from P. Mulholland, Oak Ridge National
Laboratory, to K. Lack of your office dated JanuaT 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 Wver Ecology Laboratory (SREL) of
the University of Georgia initiated an ecological study of the proposed S-Area
and other related areas In Pebruary 1979. This study includes a survey to de-
cemine 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
Aiken, south Carolina” (Ott. 1980), there are no Federally listed endangered

species .“ the proposed S-Area and the related areas. This determination was
made by the experts from SREL for the American Alligator (A21ip,atornfssissippiensia)
and the Ptie Barrens Tree frog (~ a,”dersoni), a“d by J. A. Jackaon of
Mississippi State University for the Red-cockaded Woodpecker (Picoldes borealis).
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Mr. R. N. Smith November 7, 1980

It is our judsment that the Department of Energy has sacisf actorilY compleced the
t,steydon ~=oce,s . CO”StrUCtiO~ Proj ect” by submitting the encl.8ed 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 o“r
findingB with You if YOU feel ic necessary. Questions your staff have may be
directed to S. R. Wright (FTS 239-3093) or J. C. Tseng (~$ 239-3969) of my
staff.

sincerely,

EE:JCT:DTC

Enclosure

R. L. Morgan

tinager

cc wlencl:
W. c. Hickling, Fish and Wildlife

service, Asheville, NC
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United States Depart] ~lent of the Interior. I ;. FISH AND WILDLIFE SERV ICE,.,
+.,;;.d’ .0.” *,......... ..,,.,.=

AS”EV,LL..NORT” CAROLINA 2ss0!

November 24, 19S0

Mr. R. L. Morgan, Manager
Oepartmnt of Energy
Savannah River Operations Office
P.O. Box A
Aiken, South Carolina 29B01

Ro: 4-2-SC-I.250 and 4-2-80-1-83

Oear Mr. Morgan:

We have reviewed the biological assesswnt 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 assessmnt is adequate and supportS the conclusion of no
impact, with which we concur. In view of this, we believe that you have
satisfied the requirmnts of Section 7 of the Endangered Species Act.

Your interest and initiative in enhancing endangered and threatened
species is appreciated.

Sincerely yours,

William C. Hickiing
Area Manager

d

●



OEpARTMEN1 OF 6!OLOGICAL sclE~cks
P, 0. DRAWER GY
MISSISSIPPI STATE, M4ss, sSlPm 2s782
PHONE (601) 32>5722

13 ?eb. 1981

Dr. Jan Caldwell
Savannah aver Ecoloqy L~ratOry
Drawer E
A.iken, SC 29801

Dear Jan:

We have examined zhe apgr~xima’eel; 50 acre t=,..;:designated as the
,,Salt-Crete BUial Site. ‘, We iour,dr.oevidew::> of pxeser.t or past
use of Lie site by the endangered aed-cockaiet. ‘woodpecker. Pines
in the area ze generally t.aoyoung to be of .:S= as cavity trees by
this bird.

15 I can be of furt!!er help, please let me h.c.w,

*

.-e”>omeA. Jackson
Pxofesor of Sioiogical Sciences
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TRANSPORTATION

●
0.1 SHIPPING RADIOACTIVE WASTE FROM SRP

Shipment of radioactive waste f?om SRP to the repository can be by rail or by truck. If private
industry is able and willing to assist DOE, comnon carriers could be hired to n’avethe wastes.
Coinnoncarriers 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 Comnerce Comnissio” (ICC) regulations when carrying wastes fmm the SRP site to a
repository.

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 radioactivity
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 resulted 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 regulations concerning each of the areas mentioned previously will be discussed
brief7y.

D.2.1 Responsible organizations

Four Federal agencies are currently charged with responsibilities related to the transportation
of radioactive waste in the United States: Department of Transportation (DOT), the”Nuclear
Regulatory Comission (NRC), DOE, and the Interstate ConinerceCommission (ICC). Where over-
lapping responsibilities exist, Memranda of Understanding (MDU) have been issued between the
agencies to define areas of responsibility.

Shipn!entsof 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 r’esu7t,the functions of the
NRC will not be discussed. The ICC is the principal authority for regulating rates, charges, and
conditions of truck and rail services operating in interstate comnerce. Because mst 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.

00T and 00E are responsible for the safety of transporting radioactive material frum the SRP.
00T has the primary responsibility for safety in transporting radioactive material, and ME has
the authority to design and certify its own packaging to be used by government shippers and is
not required to license its packaging through the NRC. Nevertheless, the 00E certifies that an
HLW packaging (cask) will meet 00T and corresponding NRC test criteria.

DOE, thruugh its management directives and contractual agreemnts, protects public health and
safety by imposing, on its transportation activities, standards similar to those of 00T and NRC.

00T specifies and enforces regulations to ensure that hazardous material is properly classified,
described, packaged, marked, labeled, placarded, and prepared in the required condition for
shipment. DOT has recently published proposed rules for the highway routing of radioactive
materials [discussed in Sect. D.2.4).

DOT is responsible for enforcing vehicle safety standards, setting allowable radiation levels,
and requiring the use of tamper-indicating seals. DOT also specifies criteria governing the

o-3



D-4

loading or location of radioactive cargo relative to other materials being shipped. FOP rail
e

shipment, the location of the car carrying radioactive cargo in relation to other placarded
railcars, the engine, or caboose are covered by other DOT criteria.

The role of state and local governments in regulating nuclear materials transportation, particu-
larly in relation to Federal jurisdiction, continues to be an unresolved question. An act
recently enacted in South Carolinal is one example of a state attempt to control and regulate the
interstate and intrastate movement of radioactive materials shipped by the Federal government.
This law established state requirements for carrier permits, Prenotification, routing, and
emergency response procedures.

An agreement was reached between DOE and the State of South Carolinaz to exempt all shipmnts of
spent nuclear fuel and radioactive wastes that are being shipped to or from SRP from State
controls. These controls are specified in the “South Carolina Radioactive Transportation and
Disposal Act of 1980.”1 DOE has agreed that the Savannah River Operations Office wi11 monitor
these shipments and advise the State of the movement of spent nuclear fuel or 1iquid low-level
radioactive wastes.

Many state governments have passed legislation requiring special actions regarding radioactive
material shipments. One state, Louisiana,k has a law prohibiting shipment of HLw into the state.
Some states require advance notices of shipments, permits, and/or registration (some with fees)
All states require compliance with 00T regulations and some include compliance with NRC, ICC,
Coast Guard, or postal regulations. Some states also require liability insurance coverage up to
$1 million. Other requirements by certain states include accident notification; routes to be
prescribed by the state agency; 1imfted 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.

8ecause many such laws, including the Louisiana regulations, will be inconsistent with the OOT
routing regulations to take effect in February 1982, they are likley to be preempted (refer to
0.2.4).

0.2.2 Packaqing

The pr~mary means for ensuring safety during the transportation of radixactive material is proper
packaging. Consequently, many radioactive-material transport regulations are concerned with
packaging standards.

00T regulations applicable to packaging are contained in 49 CFR Part 173: Shippers - General
Requirements for Shipments and Packaging. This regulation states that HLW packaging 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 allo”able releases are
defined In 49 CFR Part 173.3g8(c). Surface contamination for HLI packaging is limited to
specified 1evels, 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 a“y hazardous material. Truck safety is governed by the
Bureau of Motor Carrier Safety of 00T, which imposes vehicle-safety standards on all truck
carriers (49 CFR Part 325, 386-398). Along with other functions, the 8ureau conducts unannounced
wayside inspections of vehicles and drivers. Ouring the inspection, the condition and loading of
the vehicle and the drivers, documents are checked. These checks are performed on al1 truck
carriers.

Rai1 cars and trucks carrying HLW wil1 be placarded according to 49 CFR Part 172. OOT Regulation
49 CFR Part 174.8 specifies that each placarded rail cap a“d each adjacent car be inspected by a
duly authorized representative of the ‘apriei-or 00T at each req”ired inspection point to
ensure that the cars are in a safe condition for tra”sportatio”. The inspection includes a
visual inspection for obvious defects of the running gear and any 1eakage of contents.

m

0.2.4 -

The OOT proposed routing peg”latjons (HM-164)6 were published on Jan. 30, 1980, for Comnent.
Final routing regulations were p“bljshed by OIJT~“ Jan. lg, 1 gal ,5 and wil 1 become effective on
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Feb. 1, 1982. HM-164 attempts to reduce potenttal hazards through avoiding heavily populated
areas and minimizing travel times. Hazards wi11 be reduced by using interstate or alternatives
selected by states, referred to as “preferred highways.” Under its authority to regulate
interstate transportation safety, DDT can prohibit bans and restrictions imposed by state and
local laws as “undue restriction of interstate comerce. ” DOT holds that different, conflicting
requireme”ts Smong jurisdictions may be unduly restrictive to shippers a“d carriePs and may add

to accident risks by diverting shipwnts to highways having higher accident rates. State and
local requirements would be preempted by the proposed regulations if they

1.

2.

3.

4.

5.

The

completely prohibit travel between any two points served by highway;

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;

require use of a preferred highway except in accordance with the provisions of the
regulation;

require prenotification of state andlor local authorities or escort;

require special personnel.or equipment.

DOT rule will reauire a Dlacarded vehicle carrvinu a 1arue-ouantit.yPackaqe of radioactive
materials, other tharispent fuel, to be operated with-an adv;nce writt~n”rout; 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 avoid cities. If circumferential or
bypass routes are not available, carriers could use interstate or preferred highways that pass
through urban areas.

Kai1 transportation of HLW would be similar to other loads routinely transported, including
hazardous nonradioactive materials. Routes are fixed by rail locations, and urban areas cannot
be readiIy bypassed by alternative routes. Certain routing restrictions may also be established
by the states or dictated.by poor track conditions in some areas. 00T has not issued any regula-
tions regarding routing of hazardous material for rail shipment.

D.2.5 Handling

During handling, DOT requires the carriers of radioactive materials to perforinspecial actions
in addition to those required for other hazardous materials. Because the safety of radioactive
material transport is primarily governed by packaging design regulations, the special actions
are 1argely 1imited 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 levels.
Regulations also describe special handling requirements such as the restrictions on the switch-
ing of rail cars that are loaded with radioactive material and placarded 149 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

HLM contains almost all of the fission products from the processed spent fuel and also smal1
quantities of unrecovered uran$um and plutonium. HLW would not be a credible source of strategic
quantities of plutonium because the residual PIutonium concentration in the HLW is very di1ute
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 SOLIO HLW

HLW generated at SRP wil1 be solidified in canisters that have a 0.61-m outside diameter and are
3 m long. 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 ~

Packaging used to transport HLW are being designed to protect the public during normal and
accident conditions of transport. Packaging are designed to specified shielding levels and are
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required to contain the HLW during noml 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.

2.

3.

4.

free drop through 9 m onto a flat, essentiallY unyielding surface, striking in a position
for which mximum damage is expected,

puncture from 1-m drop onto a 15-cm-diam, perpendicular miId steel bar that has a flat end
and is mounted on an unyielding surface,

exposure of the whole packaging to a temperature environment of 800-C for 30 rein, and

insnersion 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 WOU1d be
expected for the vast majority of transportation accidents. A cask must be shown to survive
these conditions either by actual test or using analytical methods. Survival consists of
(1) containment of the HLW, allowing only 1imtted release of radioactive material [as specified
by regulation – 49 CFR 173.398(c)] and (2) no 10SS of shielding beyOnd specified limits.

0.3.2 Package descriptions for HLW

HLW casks are currently being designed and a reference design concept has been completed for
both truck and rai1 modes. This concept is referred to .ssa 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 wel1 as from the Savannah River Plant. 8ecause the wastes at these
faci1ities vary in composition, the convertible cask design wil1 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 amunt 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. 8ecause only one canister can be accomdated, only the weight of the basket can be
changed. A canister that does not need to be shielded as heavi1y can be shipped with a 1ighter
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 HLU fore, the most likely rail cask configuration for SRP incor-
porates the five-canister basket. This configuration provides the equivalent of 23 cm of solid
steel shielding, and fully loaded, a cask of this configuration would weigh about 85 tonne.

D.4 METHODOLOGY

This section discusses the mthodalogies 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 “onnal a“d accident conditions.
Impacts from “otm,sl transport are consequences (i.e., they will occur), whereas impacts from
accidents during transport, estimated o“ the basis of expected accident rates, are risks (i.e.,
they may or ma not occur). Risks are presented here as expected impacts (consequences x

Yaccident rates .

0.4.1.1 Impacts resulting frnm normal transport

In normal transport, a cask of waste arrives at its desti”atio” without releasing its contents
and without 10SS of shieldf”g. The expcIs”reOf 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 Occups.
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People nearest the ro~te~ used to ,transport the HLW receive the greatest doses. The populat!o,,
groups exposed to radlatlon are,,ln order of decreasing exposure, People working in the vici”it.y
of the casks and those acc0mPanYln9 them [train crew or truck drivers) and bystanders, includinfj
those 1iving or working alon9 a route; passing motorists; and train passengers. A computer
code, RADTMN-11, was develoPed to calculate exposures to these population groups.

In RADTRAN-I1,7 the assessment of,Population dose durin normal transport is based on the
?assumption that the sou:ce O! radiation (e.g., the cask 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 t: various population groups are calculated. The actual equations
used to Cal CUlate eXPOSUVeS dlffey be:ween population groups and transportation Males, but their
basis in the point-source assumption Is the same. Derivations of the various equations are dis-
cussed thoroughly in the RADTRAN-11 documentation.7

A maximum individual dose, the dose to an individual who lives beside a rail track or highway,
is not calculated by RADT~N-11 but is calculated by using the foilowing 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) 1(x) , (0.1)

where

X = dose rate factor, mrem-m2/h,

z . perpendicular distance of individual from shipment path, m,

~ . ~veyage velocity (kph) of the shipmeritpaSSin9 that POint.

? = 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 wi11 be rescattered back towards the target. The Berger buildup factor
accounts for this and is defined as:

B(d) = 0.0006r + 1

u = absorption coefficient for air 3.6 x 10-4 m-l.

The values for (2.0 x 10-3) r(z) versus distance are plotted in Fig. 0.2. 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 COU1d result from tra”sportatio” accidents are calc“lated in RADTRAN-11, 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 weve defined and doses were estimated for an individual exposed to the
maximum extent.

TWO types of accidents were consjdeped: one involving a partial loss of contents and the other a
]0SS Of shielding. In 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 sce”aria, the cask experiences both severe impact and fire. The cask
and canister are assumed tO be breached, allowing a release of radion”clides into the environ.
Merit. Two exposure pathways arc 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 RAOTRAN-11 and that

●

●
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Fig. D.2. Values for absorbed dose per shipment.

were found to provide the majority of exposure. For the inhalation pathway, the consequence is
calculated with the following equation:

Dose(millirem) = c(x) x uc x ap x t x 103, (D.2)

where

c(x) = 1 /(2 KX2V), the concentration of released activity at a distance z(m) f~m the
source, pCi/m3; the velocity at which material spreads out uniformly from the source,
v = 1 mls,

De = dose cowitment factor for the waste,

B? = 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 z m frum the source.

The groundshine dose is calculated using the following model:

()h2 + ~2
Dose (millirem) = ~ in — Xt,

r’
(0.3)

where

q = millicuries released,

~ . padju~ Of a ~o”rce disk = 100 m,

h = height above ground of target (100 cm for adults, 50 cm for children, and 20 cm for
infants),

r = gama radiation function for a radionuclide (roil1irem-cmzlh-mil1icurie).

t = time an individual stands at a point x m from the source.
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The second type of accl~t conside~ed is a loss-of-shielding accident. wherein impact (no fire
is assumed) compromises cask shieldlng but does not breach the cavity or contents. The result
of such damage is an increase of gama radiation in the area around the cask. The following
point-source exposure model was used:

Dose (millirem) = 5.2 x 105 =x t ,
?2

(0.4)

where

c = curies “released,” see discussion on pseudorelease fractions in Sect. 0.5,

E = radionuclide photon energy level, tiv,

p . dfstan~e between soupce and i“divid”al, cm,

t = time the individual was exposed, h.

These equations calculate the consequence of an accident should it occur. Because these accidents
are not 1ikely to happen, their consequences are weighted by multiplying them by their p~bability
of occurrence. The product of the multiplication is the risk, which oftentimes is referred to
as the expected consequence.

0.4.2 Nonradioloqical 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 wi11 be
evident from the discussion of the accidents themselves.

For this analysis it is assumed that the HLW wi11 be transported by a diesel-powered truck or
train. The nonradiological impacts of transporting nuclear material, including the impacts from
accidents, are the same as those transporting nonnuclear material. That is, the nonradiological
impacts do not consider the characteristics of the cargo.

Fugitive dust wil1 be generated in the turbulent wake behind a shipment, and chemical effluents,
including particulate, sulfur oxides (SOX), nitrogen oxides (NOX), carbon monoxide (CO), and
hydrocarbons (HC), will be emitted because of the cmbustion of diesel fuel. Additionally, heat
wi11 be generated from the combustion of diesel fuel and by the radioactive decay of the waste,

Procedures used to obtain amounts of the pollutants emitted and to predict a concentration due
to an assumed amount of traffic are discussed in this section.

0.4.2.1 Fugitive dust source terms

Fugitive dust generated on roads is computed using the following equation developed for paved
roads. As the equation (Eq. 0.5) indicates, the source term is a function of vehicle weight.
Because the HLW casks are very heavy, more fugitive dust wil1 be generated when they are hauled
than when loads more representative of general comnerce are hauled.

E = (0.45)(~)(~)(~~”’ (SZ)(F) ,

#here

E = source term, g/km;

5 = % Of silt on the highway (10);

L = dust loading (1500 lb}mile);

w = weight of truck-trailer (37 tOn);

SZ = fraction of dust less than 15 um (0.5);

r . ~~”v~p~j~” f~~t~~ 284 w .

(0.5)
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● The values given ~n 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 turbulent
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 Vehicular exhaust emissions

Emission factors for particulate, S02, CO, hydrocarbons; and NOX from heavy-duty. diesel-powered
trucks and trains are calculated using EPA recommendations.‘o,11

0.4.2.3 Pollutant concentrations

The pallutant concentration is calculated using the classic 1ine-source nmdel 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. O.3 and the equation is given below.

? = average concentration,

‘max = 805 m’(see Fig. 0.3),

Dmi” = 30 m (see Fig. 0.3),

u = wind speed: 3 mlsec,

x = downwind distance (m),

()x = source term & .

WIND (G met,,,l.~.)

Es-5002

‘“’”w’’-%

(D.6)

Fig. 0.3. Geometry used in nonradiological impacts for norn!dltransport.



D-12

●
FurtheImOre, the travel is assumed tO Oc:ur along a generic mile with population densities as
described in Ref. 12. Neutral atmspherlc conditions are assumed, and the traffic flow is one
truck or train Passing a location per hour.

D.5 ACCIDENTS

This section,discusses accident environments and the releases :hat might occur when the most
extreme credible environments are postulated and defines hOw 1lkely these accident environments
would be.

D.5.I Accident environments

Because HLW has not been shipped in the United States, accident experience for spent fuel wi11 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 accideots. These test conditions are described In Sect. D,3.1 HLW ‘asks will
also have to be shown to survive these accident test conditions. Actual accident experience

involving spent fuel casks is 1 imited, and no accident has occurred that was severe enough to

cause release of radioactive 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.13

General1y, 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.]k

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 chose” for the release fraction from the HLW canister to the cask cavity
because the canister will deform o“ impact and would not crack substantially. Actual tests of
glass-filled canisters (u”protected by the cask) conducted by ROSS15 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 o“ analyses of ROSS15 and B“”nel16, 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 (“et released to the cask) from an impact that would be
respirable, range from 1o-8 .wt % for a 30-kph impact to 7 x 10-2 wt % for a 128-kph impact. The
value selected fop this analysis was ]0-2 wt % or a fraction of 10-*. This is equivalent to
saying that for each kilogvam of HLW glass i“ the cask, 1 x 10-U kg would be in a powder of
respirable size after an impact; the total quantity of respirable material generated inside the
cask would be dependent UpOn the total weight of glass i“ the cask. The fraction of material
less than 10Y released from the HLW ca”jster to the cask ‘avity would then be 10-8 (as shown
below),
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Total fraction of
Fraction Fraction of released material less than

glass released material less 10u released to
to the cavity than 10v cavity (not yet to

the environment)

Glass ,0.4 ,0-4 ID-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.15 The judgment inherently relies on
the engineering judgment of cask designers and cask transporters. Five percent of the partiCU-
lates was estimated to be released from the cavity of a gas-filled cask to the environment.17
The total fraction of respirable material released from the HLW canister to the cask cavity and
then to the environment is 5 x ‘10-10 (see Table D.1). This is the fraction used for the inhala-
tion pathway because al1 of the respirable material is assumed to be aerosolized because of the
fire. For groundshine calculations, a fraction of 5 x 10-6 is assumed because material in
particles of all sizes including those 1ar9er than lop, contribute tO this e~Posure.

Table D .1. Re!ew. 01 HLW t. the .nvirrmmnt
in l.s~f-.antents accident

Groundhine and respirable release fractions
Pathway

HLW t. C,ViW Cavitv t. environment To<al

Inhalation 1E-8 5E–2 5E-10

Gr..ndshine 1E-4 5E–2 5E-a

Release fractions for the other type of accident considered are calculated for a cask damaged
only enough to compromise its shielding. The shielding is assumed to fail along a circumferential
crack of varying widths (0.1 cm to 1.0 cm), and “pseudorelease” fractions are calculated as
defined in NUREG 0170.12

0.5.3 Accident rates and probabilities

According to the Transportation Technology Center’s Nuclear Material Transportation Accident data
ba~e,le ~“1y ~“e ~ccjde”t i“vol“j”g ~~~”tfuel 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 lnVOlVin9
spent fuel have occurred during rai1 transportation.

The probabilities used in this report are based on overal1 accident rates for rai1 and truck that
have been reported previously.19,20 The values are: 9.3 x 10-7 rail car accidents per car-km
and 1.6 x 10-6 accidents per truck-km.

Because of the 1imited number of severe transportation accidents that have occurred. the fraction
of accidents that would allow releases fmm a HLW cask must be estimated. McClurelg has esti-
mated the fraction of accidents involving only impacts (as in the Ioss-of-shielding accident)
that are more severe than the regulatory test conditions to be O.1% for both truck and rail.
Estimates for the fraction of accidents involving 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 involves both fire and impact, the ,above fractions must be
combined. Because the probabi1ities for impact-only and fire-only accidents were derived con-
sidering them as independent events, the percentages of accidents involVin9 both fire and impact
(as in the loss-of-contents accident) that are mre 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 ma9nitude Of the ProbabilitY is
more important and is probably in the range of one in one mil1ion. That is, in every one million

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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~:~~: D.2 is a tabulation of probabilities for accidents for SRP HLw; the probabi 1 i ties are very ●
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 0,2. Accidentrate (., vmrslw =!denu for SRP HLW

Pc.babili~ that an Amidenr rala
Overall accident f0,accident wil 1be

rate,

Accident

worst c,,,
(km-T )

a worst case

(accident-’ I
(km-ll

Truck Rail
Truck Rail

Truck Rail

Los$.of.,hielding l,eE-6 9,3E–7 <1.OE-3 <1.OE-3 <1.6 E-9 <9.3E -10

Lo,+of. contenu 1.6 E-6 9.3 E-7 <1.oE-6 <2.oE-E <1.6E-12 <1.9E-12

D.6 IMPACTS OF TRANSPORTATION OURING NORt44L CONDITIONS

In this section, the impacts of normal transport wil 1 be calculated according to the methodology

described (Sect. 0.4] . The input data used to calculate these impacts are also presented.

0.6.1 Input data for calculations

Many input data are required to calculate the impacts from notmal transport and from accidents.
Much of the data used in this analysis is consistent with data used in NUREG-01 70, Fiml snud~on.

mental Statement on tti ~mt?portation of Radioactive Wteriul by Air and Other &&e, 12 and
with recotmnendeddata that are available as default input to RADTN-11. 7

Table 0.3 1ists some of the miscellaneous 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 trailer edge is assumed to be 10 millirem/h which is
the regulatory 1imit. Using this value will rssult in a greater than expected dose to the
public (i.e., it wuld be a conservative estimate).

0.6.2 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
shiPnwnt of HLW as it passes. Im licit in the individual dose values are the assumptions: (1)

!’the shipment passes at 24 kph, (2 the Individual resides at a point 15 m frum the shipnwnt
path, and (3) the HLW is five years old. This factor, as with all subsequent factors, should
only be applied when the conditions in the assumptions are met. If they are not rr,et,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
living within 0.8 km of the route (off link), the population 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 0.3, that must be satisfied when
the factors are to be applied.

The crew factors are on a per-kilometer basis; the assumptions used are gjven in Table D.3. The
factor for the rail cpew has bee” set at zepc,for rail because the expos”pes .speso 10W. For
all cases, the factors are very small.

D.7 IMPACTS OF ACCIDENTS DURING TRANSPORTATION
a

In this section, the impacts of accidents that may occur during transportation are calculated
—

USing the methodology described earlier. The impacts wi11 be presented in units of expected
equivalent-whole-body dose to a“ individual exposed to the maximum extent as a result of a
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Ttil. 0.3. Mi*@llmm*ou$ data .-d in RAOTRAN-11 c.1c.1.tions

Par,mter Truck Rail

Number of ,,,-,”

0;$,,.., from ,0.,., to crew. m

Per,ons/km2
H,qh.Pooulat;o” zone
Me,li.m.gooula! ion zone

Low. Dowlati.an ,0”,

Stoo.aver !ime (48Wkm tr;ul, h

Averaw ,X PO, U,.d!stance ti’le sto”Ped, m

P,,,.., ,“Posed while ,to~~d

speed
High.pop.lat,on zone, kmlh
Medi.m.DoD.lation zone, kmlh

Lo*.Dooulalion zone, kmlh

6,,,8!0. of ,,,”,,

Hiqh.DoDul.tion zone

Medi.m.pop.latio. zone

L.w.P.wlation zone

Traffic count
High.populatic.n .00,, vehicl.s(h
Medi.m.pw.lati.n zme, .ehiclesllI

Lowp.p.lation zone, .ehicleslh

PersonsPer vehicle

Cask Ie”glh, m

Dose rate 2 m Irom the ,d.2c of ,mk ,,!1.,,
or truck tr, il,r, millir, m/h

2

3

3s 1
719

6

8
20

50

24
40

3a

0,05
0.05

O.w

23410
72n
470

2

5

10

5

150

3881
719

6

6

20

100

24
40

M

0.05
0.05

0.90

5
5
1

3

5

10

Table D .4. Unit. cowqu.ncg f~t.ns 1.. .onnal tIan$Dort
.xpresmd a, I.tent ~nmr I.tal ities
m, kilmn.w, .( t,m,, (LcF/km)

Truck Rail

Pr.ab,blti Max;m.ma Pr.abati,, Maximum.

Maximum ind, idual” 6.OE -4 6,0E4

P.o.l.ti.n

On link 5,3 E-9 1.6E–8 7,2E-11 2.4E–10

Off link l.l E-8 3,7E–8 1.9 E-9 6,4 E-9

slogs= 5.3E –5 1.9E–4 1.2 E-4 3.6E A

crew 6.5E–9 2.2 E-8 d d

●For a dilc.s$i.n of tie meaning .1 mew terms, refe? to kwndix J.4.
‘for me maximum individual, exmwre is recorded in term$ .1 radolmic.1

dose (millirem) w. $hioment, ..1 LCF p. kilanetu
“LCF Per *iPment.
‘Very !rnoll relative t. .aIher factors.

single kilometer of travel. The input data used to calculate these impacts, which wi11 be
referred to as unit-risk factors, are also presented.

D.7.1 Input data for calculations

● Much of the data presented earlier for notmal transport wilI be used to calculate impacts for
accidents that may occur during transport. Howver, 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, 9amna-decay energies, and dose conversion f?~tors. Stand;,vd ;,r,d<.,,rr<:r,l,
references for gama- decay energiesz1 and dose conversion factors/f were selected.

The unit-risk factors for the impacts of accidents during transpa:tation are ,Iivenin T;,t,i$;l].~,,
Separate factors are 1isted for truck and rail modes. The unit-risk factors arc [Jivr,n fc,r t,,,t.t,
the accident involving a loss of shielding and the accident that involves the loss and <Ii,,r,c,r,..,l
of contents. Both factors have a per-kilometer basis. As a result, total risk is cdl(.IJldr.r;,lt,,
multip:yins these unit-risk factors by total kilometers shipped.

Table D.5. Unit-risk fam.ns fat •~idanl,

during transmtiatio.>

Truck Rail

Lass 01 stieltimg d.. relea=
of contents, m’lliremlkm 2.6E -9 7,3 E-9

Lo,, 01 %hieId(mgand .,{, .,,
.f Con!ents,” milll rem/km 1.3E-12 (adult) 7.6-12

1.3E-12 [childl 1,05–11

2.4E-12 (infant) 1,4E–11

.)Rj$k !. an indi.;d..l e.p.wd !. the maximum exfenl.

b3eoar ate risk fact.rs are not given for each path*ay {gro.ndshine and
i.hala!Io.1 teca.w !he ..ertielming mai.arity of exp.sure d.r!ng a Io$$.nf.

canlenls acciden! results from gr..nd$h i.e.

To calculate the unit-risk fa’tors, the Consequence of the accident Scenarios had to be calcu-
lated according to the equation i“ Sect, D,4.1,2 and then multiplied by the accident rates in
Table 0.2. The consequences are given in Table 0.6 and are presented for each scenario for
each mode of transport and for each population age group,

Table 0.6. Accihnt consequence,: Maximum individual exp.nure res.ltimg from Prlia( loss of cc.nmnts

or 1.SSof shielding, in millirem

—... — .—

Release Do,,

Tvue .f accident –. (:’ ..— ‘“’a’” _-.:P! ’?.. . _flQ..———. . . ..— —
Rail_., ._.~::.. ._~:~, Tr~!ck Rail Truck Rail Truck

—

Lo,, of con,,, >,,

Gr.u.<lshine 0.94 0.19 1,5 {.5 5,5 1.1 4,0 8.OE–1
I.ha(ati.n 1.6E–4 3,2 E-5 2.5 E-3 4,9E –4 5,3E–3 l, IE–3 3.5E.3 6.9E A

Lo,, of ,hieltin~

‘Calculs,ed .“1, 10, adult.

7.8 1.5

D.8 NONRADIDLOGICAL IMPACTS OF NOR~L TRANSPORT

0.8,1 Poll”ta”ts and their health effects

Pol1“ta”ts are emitted duping OC,rmaltran~pOyt by combustion of diesel fuel, by the passage of a
shipment over a dusty road suvface, a“d by tire wear. Combustion of diesel fuel generates SDZ,
CO, hydrocarbons, N02, and particulate, The passing of a shipment over a roadbed or highway
generates fugitive dust, a“d tire particulate are generated fronlthe abrasion of tires on the
pavenlent. Each of these pollutants has a u“iq”e character, and they may affect health. Each
pollutant will be des’ribed briefly, and the health implications of each will be discussed.

Sulfur dioxide is a nonflammable, “o”explosive, colorless gas. The gas is firSt detected bv
taste and, at higher co”ce”tratio”s, ca” be detected by odor. In the atmosphere, it is
partially ‘onverted to more ha~ardo”s prod”~ts by photochemical or catalyti’ processes,

at least
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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 S02 than for S02 itself. The
irritationmay result in constriction of airways, which may be as~essed by increases in airway
resistance,

Particulate and sulfur oxides are often treated jointly in health impact analyses because they
are often present together in ambient air and because S02 is transformed into a particulate.
Particul?,tes will often contain or carry other absorbed toxic materials, su’h as lead or other
heavy metals, but the composition of particulate depends on their origin (partic!es emitted
during combustion of diesel fuel will not be the same as fugitive dust particles generated o“ a
country road) The size, shape, a“d composition of a particle determines its health effects.

Nitrogen dioxide is known to be toxic at relatively high concentrations a“d is a strong irritant
Acute and chronic injury of the lungs has been observed at extremely high concentrations causing
Irreversible damage. It is also involved in many complex chemical reactions. [n the presen’e
of sunlight, it may be converted to eve” more toxic intermediates.

Carbon monoxide has an affinity for hemoglobin, with which it combines, reducing the capability
of the blood to carry oxygen. From a physiological viewpoint, symptoms of CO inhalation are
similar to anemia symptoms.

Because of the large variety of possible hydrocarbons pollutants, a discussion of each is
restricted. It is sufficient to note that some are definitely carci”oge”ic and many produce
adverse health effects, but Little information is available from long-term studies of hydro-
carbons on humans.

The character of each of the pollutants can be described from detailed laboratory experiments in
which they can be isolated. However, “air pollution” generally contains all of these pollutants
and very rarely can their effects be isolated. Pollutants ‘an also interact and form new and
intermediate toxic pollutants.

Some quantities of pollutants are emitted during routine transport. Estimates of the quantities
are made using EPA documentation]o,ll and are listed in Table 0,7.

Poll.,,.,
Truck Ra,l

(g/km ) [g/kml

Par,’culate, 0.81 4.5

so, 5.1 10
NO, 13 65

Hydrocarbons IHC1 3.3 19

co 22 24
Tire particulate 0.s h
Fugitive 6.s, 140 14

‘A,,ume, 24.k Dh ( , 5.mohl ,wd in urban ,,,.. ITE
4NO,,PPIicable.

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, avai~ability of doctors) that may actually cause observed health effects. Nevertheless,
without specificationof pollutants, it is generally believed that air pollution can cause
increased mortality and that pollutant levels at the relatively low ambient concentrations
occasionallY associated with transportation can result in increased respiratory symptoms.

A major goal of epidemiologists studying the effects of air pollution has been to quantify the
effects. Many believe that their attempts to date have met with 1ittle success as reflected in
a quote from a recent Ford Foundation study23

“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.”
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Quantitative estimates eXi St but must be qualified carefully.

To facilitate a somewhat quantitative comparison of emissions to current pollution standards, ●
the emi ssiOnS reSult<n9 from the hourly passing of ,one diesel-powered truckor loco~tive hauling
an HLW cask will be used to CalCulate an average alr 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. [t is cur?ently
believed that the primary standards for the six regulated pollutants see” adequate to protect
the health of the publlc.2k For each pollutant, the calculated concentration is much 10wer than
the standard, even when one truck or train per hour is considered. Since the number of shipments
of HLW from the DWPF would Mre likely average one shipment per day, the nonradiological impacts
from the DWPF vtouldbe even smaller.

Tabh 0.8. Cmnp8rkon of Ukuktti poiluunt concgntmtlms
for rdl and tiwk lranspotitlon with

tir qualltystandards

Poll.ta.tconcentration.
Pollutant (P91m>) Pr,rnary sta”da,d

Truck Rail
(ugm,j

Particulate
so,
NO,
Hc
co

0.63
0.02
0.C6

0.02
0.1

009
0.05
0.3
0.C9
0.1

2~ f24 h]
365 (24 h)
loo(ann”almlia”)

lW (3 h)
40,~ (1 h}

,Hourly concentrations a,e calculated ass. mi”g that a truck
or locomotive passes a point once an hour and that the generic

area is 90% rural, 5% suburban, and 5% .rba” land area.

0,8.2 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.?4 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 hi h-level waste,

?
less than 2.5 kW of heat will be

dissipated. This is less than 0.2% of the heat 1500 kl) generated by a 2240 kw (3000 hp)
locomotive, assuming a 34% conversion efficiency.

The impact on the environment of the heat dissipated from the casks containing the high-level
waste and diesel e“gi”es of the truck and the locomotive carrying the wastes is extremely small
compared to the heat generated daily by vehicular traffic.

D.9 NONRAOIOLOGICAL IMPACT OF TRANSPORTATION OURING ACC1OENT CONDITIONS

The nonradiological human health impacts that would be expected from accidents during transporta-
tion of HLW are the deaths and injuries that would result directly from a“y transportation
accident, regardless of the material being hauled. This section discus~ps the unit-rj~k fa~t0r5
derived from p“blished data.

The potential for tvansportatio” accidents involving shipm”ts of HLW is assumed to be com-
parable to that for ge”e?al truck a“d rail transportation i“ the United States. Table 0.9 shows
that 1.6 x 10-<,tru’k accidents per kilometer and 9.3 x 10-7 rail car ac’idents per rail car
kilonleterave projected. From a“ analysis of transportation accidents, 0.51 injuries and 0,03
fatalities per truCk a’cident an,j 2.J i“j”~ie~ and o,? fatalitje~ per rail a~~jde”t have been
estimated.z~ Based o“ these injury and fatality rates and the projected accident rates, injuries
and fatalities for a tr6vel dista”~e of 1 km have been computed. AS shown i“ Table 0,9,1,

S.a- x 10-7 injuries a“d 4.8 x 10-8 deaths are expected to occur per kilometer of truck travel
and 2.5 x 10-C injuries and ~ x 10-7 deaths per kilometer of rail travel

1.q
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T?M. D.9. Pr.ajecled tccide. t!, death., and Ini.ric, Pr kil.amater
of travel d.,i.s tra.soortati.an .f smnt fuel

M& ‘CCL’””’‘a” 1.;”,” ,ate~ Fatalitv ratea I“}ur!e! Fatal itie!

(ace’<lentslkm) (;. iur,e${acc,<len!l (t.taliti~laccident) (Wr km) (wr km)

Truck 1.6E-W 0.51 0.03 8.2E.7 4.6E–8

Rail 9.3E–7~ 2,7 0.2 2.5E –6 1,9s–7

‘From U.S. Atomic Energy Commi!sian, E.wiro.rr,e. ta/ StJwey ./ Tranworrari.n 0/ Rac/Iwrive Materia/J

,. and Irmr! N<zlew POW, Plan,,. WASH-1 238, Dec,mter 1972.
0 From R. K. Clarke, J. T, Foley, W, F. Hartman, a.{{ D. w, Larson, Sewerifi= 0/ Tra”WOrtafiO” ACCi~.t$,

SLA74.OW1 Sand,a Nat,onal L,bora,c,r”, Albu,,u,r”u,, N. M.. July 1976.
CFrOm A. W. Den.,$, J. T. Foley, W. F. Hartman, .OCID. W, Larson, Se.eriries ./ Tranwortation Acci@.t$

f.votving La- Packages, SAND 77.0001, %,>ha Nat; .nal Lat-arator,. A1tiouerc,.e. N. M,, May !978.

D.1O EMERGENCY RESPONSE

The responsibilitiesfor dealing with nonroutine events such as radioactive material transporta-
tiOflaccidents is divided. For example, on the Federal level, the Federal Emergency Management
Agency (FEPA) has the primary responsibility for planning and response to transportationaccidents
Involving radioactivematerials, In general, however, the ultimate responsibility for the
establishment of emergency response plans lies with state a“d local governments. ~st state
governments and many local governments have emergency response plans to cope with such events,
The logic for having state a“d local governn]entsassume responsibility follows the manner in
which a typi’al emergency response is apt to be made: the first responder to a transportation
accident or other reported event that involves radioactivematerial is probably going to be a
local law enforcement officer or member of the local fire department.

An elnergencyresponse plan represents a“ attitude of prepa?ed”ess and the ability of a state or
local government (with Federal assistance) to cope with some ‘Snonroutine’, event that constitutes

some level of threat. It does “ot prevent such unexpected events.

The in,plernentationof emergency response planning a“d the coordination of this authority will
Col!!!lencewith 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 elnergencyresponse plans i“cl”di”g organizational responsibilitiesand jurisdictions, accident
characteristics,a statement of emergen’y response planning elements, an analysis of radioactive
(,,aterial transportation,continuous state a“d local cooperation, emergency equipment and resources
required, notification methods a“d procedures, emergency Communications, public information,
accident assessment, protective response, radiological exposure control, medical support,
ellleryencyresponse training activities, a“d post-accident operations.

The Federal support, which is available to state and local governments, will be provided by:

1, Department of Energy (OOE) and its re io”al assistance teams through the Interagency
7RadiologicalAssistance Program (IMP ,

2. Environmental Protection Agency (EPA),

3. Department of Health a“d Human Services through the Food and Orug Administration (FOA),

4. Federal Emergency Mnagement Agency (FE~).

5. Department of Tra”sp.artation- Material Tt-ansportatio”Bureau (OOT/MTB), a“d

6. Nuclear Regulatory Commission (NRC).

0.11 SABOTAGE

The possibility that terrorists might sabotage either a truck or rail shipment of high-level
radioactive 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 contarni”atio”is considered a“ unlikely, but viable, action by
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terrorists. Theft Of the radioactivewaste in itself, without intent to disperse, is not ●
cons~dered a !lkelY. viable event because the waste has neither monetary value nor Sufficient
fisslle mdterlal COntent for even a crude nuclear bomb.

0.11.1 Potential terrorist actions

Unauthorized Penetration of the HLW cask will probably require energy-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 1ikelihood 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 innnediate nonradiological effects of a sabotage attack
in a densely populated area may be as significant or wre significant than the radiological
effects.26 Most assuredly, there are more certain ways for a terrorist to cause a large number
of imnediate deaths and injuries than attempting to explode

0,12 DECONTAMINATION AND DECOMMISSIONINGOF TRANSPORTATION

a massive shipping cask,

CQUIPMENT

Either truck or rail,casks will be used for moving canisters of HLw from the OWPF, The useful
1ife of either type 1s estimated to be 20 to 30 years,

The casks, whether transported by truck or rail, are expected to be loaded dry with decont~minated
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 clpa”ed,
Rail cars, trucks (tractors and trailers), mounting frames, external impact limiters, a“d
accessories (other parts of the cask system) are not expected to become contaminated during
nO~al shipping operations. Therefore, a decommissioned and uncontaminated truck- or rail-cask
system will probably be disposed of as scrap metal

Casks and cask internals (baskets and impact limiters) could become contaminated in abnorn)alor
accident situations., ]t is unlike!y that a failed canister wOuld be 10aded intO a cask for
transport, but a canister ‘ould fall i“ transit as the result of a severe ac’ident. D~t~cti~n
of a failed Canistev or detection of radioactive debris i“ the cask would result in the initia-
tion of appropriate cask decontaminationoperations. Decontaminated casks could b@ disposed of
as SCraP metal, but those parts with residual contamination stil1 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 i n this Appendix is based on the report Socioeconomic Basetine Ctiacterization for the
Savannah River Ptant Area by NuS for ORNL, 1981 (except as otherwise noted). The sections in
this Appendix correspond to sections in the baseline character zation report, and additional
information may be obtained by referring to the latter.

E.1 THE PLAN1

The socioeconomic 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 38,35o 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 Shadou of a Defense Ptant by Stuart Chapin et al 1

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 Pent de Nemours and Company, Inc., and its subcontractors; the remainder
are employed by 00E (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 socioeconomic benefit. The 1979 SRP payrol1 of over $209 mi11ion was one of the
largest in South Carolina. In addition, more than $40 million was spent by SRP in South Carolina
and Georgia for services, energy, materials, equipment, and supplies in 197g; abOut One-half Of
the expenditure was made in the primary impact area (see Sect. E.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 the
small towns immediately around the SUP 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 fami1y incomes in the
county.

E.2 THE STUOY AREA

The OWPF 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
provide most of the labor pool for the DWPF and to sustain the most concentrated Comunity

impacts from potential in-moving workers. The nine counties in South Carolina are Aiken,
Al1endale, Bamberg, Barnwell, Edgefield, Hampton, Lexington, Orangeburg, and Saluda; in Georgia,
Burke, Columbia, Richmond, and Screven. Inclusion of these counties in the study area is based,
in part, on a Savannah River Laboratory (SRL) review of distribution of residence of current
employees and, in part, on other analyses of the effects of SRP on adjacent conmIunities(see
Table E.1). A previous study addressed dislocation of the resident population associated with
original faci1ity construction in 1951 to 1953 as well as impacts of construction and operation
phases upon the area.1 It presented a 1imited socioeconomic 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 OWPF. 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 comunity and services impacts. The vast majority of future DWPF
construction workers already 1ive in this area, however. and wil1 make nO additional demands uPOn
?ervices except for their travel to work. Counties in the South Carolina primary study area
include Aiken, Allendale, Bamberg, and Barnwel1;.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 Allendale County. Most of the SRP employees resided in

E-3
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the six primary counties in 1980: 71.4% resided in South Carolina compared wfth 17.9% in
Georgia. Table E.1 indicates that the highest percentage (58.8%) and number (4904) of SRP
employees 1ived in Aiken County and comprised 12.2% of the total Aiken County labor 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 Iikely source of most additional labor for the
OWPF. Connnunityand services impacts are not expected to be as significant in the secondary
area, though some new workers may choose to reyocate 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 smal1 (0.4%) when viewed in terms of Orangeburg’s
large labor pool. Though Burke County, Georgia, ranks lowest on all indicators (c,”ly25 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 OWPF and the Georgia Power Company
Vogtle nuclear plant now under construction there.

E.3 LANO USE OFFSITE

E.3.1 Existing land-use patterns

The primary and secondary study area, encompassing over 20,000 kmz (7700 sq. miles) is generalIy
rural Over 37% of the total area is woods, forests, and wetlands, whereas agricultural lands
comprise about 35.7%. Vacant, open space, and unclassified Iands constitute about 20.~; of
total area. Lake Murray, the Clarks Hill Reservoir, the Savannah River, and other water
resources constitute 1.4% of the total area. The developed land (residential, consnercial,
industrial, instit”tjonal, and recreational uses) includes approximately 5% urban developwnt,
primarily concentrated i“ the Columbia and Augusta Standard Wtt.opol{tan Statistical Areas
(SMSAS), and 3.5% p“blicly owned, such as Richmond County’s Bush Field Airport, or semi-publicly
owned, such as the Clarks Hi11 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 Richino”dCounty (1.1% of the total),

Mst primary area cou”tias have vast areas of forest, open space, and agricultural and unimproved
lands often totali“g 8Llto go% of the county. In som counties, 8amberg for instance, forests
managed by timber companies are being converted to agricultural crop or Pasture lands. In Aiken
and Barnwell counties, a sig”jficant SRp reforestation program exists in which trees are
conInercially hapve~ted “nde~ the ~“pervisfOn Of the Us. FOpe~t service. 8
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a.

Higher fractions of developed land 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 h? (7%), {n 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 pri~rY 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 Mar:lnez! 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 conanercialdevelopment
(approximately2500 ha), a maJority is located in the Augusta area and much smaller amounts in
the towns of Blythe and Hephzibah. The majo~ity of conanercialland use in Aiken County is strip
development located In the urban,cltles of A~ken and No:th Augusta. In Columbia County,
Georgia, conanerclaldevelopment IS centered In the Martinez-Evans area.

Significant primary area industrial development is found in R4chmond, 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
Mrtinez along the SeabOard COastline RailrOad and interstate-20 and near the town of Evans.

Fort Gordon Mi1itarypreservation. 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
portiotiof the Columbia SMSA. Al1 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, wi11 be similar to existing
land uses. The greatest population growth is expected to occur in Aiken, Columbia, and Richmond
counties because of anticipated Augusta metropolitan expansion. Although Augusta wil1 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.
Al1 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 wi11 continue
to have a major role in the economic viabi1ity 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 carolina 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 1ikely to be expanded. The
two largest outdoor recreational areas are the Sumter National Forest and the Clarks Hi11
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

The land-use controls most comonly used by local and county governments to shape 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.



E-6

only two PrimarY counties, RjchmOn? and Columbia. and one secondary county, Burke – al1 in the *
state of G:orgl? – have county ZOm ng ordinances. Zoning ordinances typically divide planning
jurisdicatlons Into use dlstrlcts such as residential. commercial. industrial, and agricultural.

Six of the 13 study-are? counties have county subdivision regulations. These are Aiken,
Columbia, RIchmo~d. Lexington! Burke, and Saluda (Lake Murray area) counties. Norml lY, sub.
division regulations are applled in advance of the development of the comunity to ensure proper
design and construction.

Building codes or permits to ensure minimum construction standards are issued andlor enforced in
Aiken, Richmond, Columbla, Bamberg, Barnwell, Burke, Edgefield, Hampton, and Lexington counties
but not in the remaining counties.

The counties of Bamber9? Burke, Columbia, and Richn!ondhave some form of county-wide mobile home
or trailer park regulation in addition to the state health regulations concerning mobile home
water and sewage systems.

Within the study area, more than 40 of the approximately 80 consnunitieshave 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. In the South Carolina portion of the
primary study area, the towns of Aiken, North Augusta, Bamberg, and Oenmark have al1 four of the
above land-use controls, as do the Georgia consnunities 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,
Lexington, 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 land 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 connnissionis
utilized by Richmond County and the city of Augusta. All but two of the rural counties depend
on the professional planning assistance of their regional planning comission or council 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 19B0 U.S. Census. Table E.2 shows the population
estimates for these 31 Comu” ities, a total of about 118,1oo. The largest cities in the
primary area are Augusta (47,500), Aiken (15,000), North Augusta (13,600), and Barnwell
(56oo). 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 rural areas and in 47 unincorporated comu”ities. Furthev
examination of population percentages reveal wide differences between the two states and between
counties within states with regard to the percentage of the population 1iving within incorporated
coranunities. 8oth 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 i“ 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.

*A standard metropolit,s”statistical area (SMSA) is cmprised of a central city or cities
w:th a population of 50,000 or more &nd the contiguous counties that are economical1y integrated
WIth the central city.
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J T.M. E.2, Pr.lifnlnaIy 1SS0 Wp.latl.ans for
countl= ad communltlea In I*

Illimalv Impact ar.a

Percent
Pop.laden i“

Juri,&ctlon
1980 !ncorpora,ed

wP.lation in

PoP.latiOn
incorporated

communities
communities

W c..nw b. CO..W

%,,,h C.,,,,;..

Aiken COU.W

City of North Augusta

GW .af Aike”

G?” of New Ellenton
Town of Jwk,on

Tow” of Bu,nettown
Town of S.11,”

Tow” of Windsor

Town of Perw
Town of Waver
Tow” of Mon,tla

All,”d,le County
Town of Fairfax

TOW .1 Sycamore
Town of Ulmer

Town of Alle”dale

Bamterq COunw
TOW” of Bambrg
Citv of Denmark
Tom of Govan

Town of 01,,
Town of Ehrhardt

Barnwe!l Co.ntV
Town of Willistom

TOW” of Blackville

Otv of Barnwll
Town of Elk.

TOW of %elling

Tom .f K line
Tom of H ilda

Georgia

Columbia Caunv

Ciw of Grovetown
City of Harlem

Richm.”d @.ntv

GW of Auw,t.
Tow” of Hephizbah
Town of Blwhe

Primarv $*”* ,,,,

105,625 35,2S2 32
13,593

14.978

2,629
1,771

359
524

55

273
9G3
109

10.700 6.913 64
Z,ffi 1

261
91

4,400

18,118 9,949 49
3.672
4:434

1G8

381
353

19,888 12.695 64
3,173

2,M0

5,572

329

111

315

355

40,119 4,976 12
3,481

1,485

181,629 48,W8 27
47,532

1,452

365

376,056 119,034 31

SUrce U.S. Bureau of census, 19812 Gnsus of Population and H~sing, South
Carolina, PHC80 V-42; Gewgia. PHC8C-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%). hong area counties, population changes have varied
considerably, primari1y 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 sn!allest 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 197o 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.S. 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 (8arnwell). Seven of the rural countieshad steadilydeclining
population densities until the mid-seventies when they began to row again. hng secondary

?counties, densitie$ range from Lexington (128.O) and Orangeburg 71.4) to Screven (20.4) and
8urke (22.5).

E.4.2 Population characteristics

E.4.2.1 Aqe and sex

Median ages of the South Carolina and Georgia population including al1 primary counties have
been as much as four years younger than the U.S. median (approximately 30.0 years) since 1950.
,4selsewhere, however, there is an aging trend in al1 primary counties since 1960. From 1970 to
1918 the percentage of the population under 19 of the study area generally decreased, whereas
the percentage over 65 increased.

Area males have consistently outnumbered 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.

E.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%). hng 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 Barnwel1 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 Aiken 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 ~rican 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 (3.1) was
higher than the U.S. national average (2.8) reflecting the pattern of higher.birth rates and
larger households in the region which has occurred since 1960. Rural counties in the primary
study area, such as Allendale and Bamberg, typical7Y have larger households than the urban
counties.

E.4.2.4 Family income and impoverished families

The median 1969 family income in Georgia ($8165) and South Carolina ($7620) was considerably
below the U.S. median of $9867. With the exception of Aiken County, famt?y incomes in the
primary counties have been evefilower than the respective state medians. The secondary study
area, except for sub”rba” Lexington Co””ty, has been poorer yet. The lowest median family
income in the entire study area in 1969 (Screven County, $4810) was less than one-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 stil1 left the study area behind
the 1969 national average, i“dicati”g how peer 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. In 1969, only the more urbanized
counties, Lexington, Aiken, 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 fami1ies, sig”ifica”tly higher than the state and national averages.
However, both states (especially South Carolins) show declining numbers and percentages of
fami1ies below poverty levels from Igsg to lg75.

*Trend data not available for co””ties from 1969 to 1975.
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●
E.4.2.5 Births and deaths

The birth rates in South CarOlins. Georgia. and the primarY study area have steadilY declined,
as have national rates. From 1950 to 1978, the primry 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 perfOd.

Followin9 state and national trends. area death rates declined in the 1950s. increased in the
1960s, and then decljned a9ain 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 primry county death rates varied per 1000 population from 5.9 to 10.6
per year, though rates over 9.0 were most comnon for counties in the entire study area.

E.4.2.6 Migration

since 1970, migration patterns have reversed in bOth primary and secOndaVY areas. A slight
increase of 3579 people in the primary study area occurred in the decade to 1970 as net losses in
Aiken, Allendale, Bamber9, and Barnwell were slightly exceeded by net 9ains in the twO Ge0r9ia
counties. By 1975 this area had experienced a net out-mi9ration of around 13.400 peoPle caused
prjmrily by lC,SSof 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 varYin9 mi9rati0n patterns since 1960. Net migration has shifted
in Aiken from positive (in-mi9ration) in 1960 to negative (out-migration) in 1970 and 1975. The
n?asturban county (Richmond) showed fluctuating migration patterns: net out-migration in 1960
and 1975, and net fn-mfgratiOn in lg50 and 1970. Those counties with consistent migration
trends over the past 25 years,are the two suburbanizing counties in the two SMSAS (Lexington in”
the secondary area and Columbia in the primary area always showed a net increase) and five
rural counties (Allendale, Bamberg, 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 Augusta area in Richmond County. Major county
employment centers are in Richmond and Aiken followed by Orangeburg and Lexington. Smaller, but
significant, employment centers are in Bamberg, Barnwell, and Hampton counties.

E.5 ECONOMIC PROFILE ANO TRENOS

Wng 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
5outh CarolJna and Georgia.

E.5.1 Major employment sectors

Mst study area employment is in the Nnufacturing 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 Lexin9t0n counties. Counties with the highest
percentages of employment in trades are Richmond and Allendale. Richmond County accounted for
approximately one-half of the total study area retail and wholesale service in lg77. CO”C.a”-

trat?ons 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).

~jOr Private emplOyers in the primary area are the Graniteville Company (multifabric mills
~mployi”g over 6500); the E. 1. du Pent de Nemours and Co., Inc., (SRP) eMP10Yin9 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 employers in secondary countiesincludeWestern Electric and Al1ied Chemical companies
(over 1600 employees each) In Lexington and Hampton, counties. respectively. A new Michelin
plant in Lexin9ton CountY at ,full operation wi11 emPloy more than 1000 peOPle. The principal
public employer in the area IS the Federal government through the Fort Gordon mi1itary 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 civi1ian employees of Fort Gordon.*

E.5.2 Per capita income and median family income

The industrial payrol1s and per c?pita incomes were highest in the study area in Aiken, Lexington,
and Richmond counties and ranked 1n 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 ov 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 more 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 ($8027), and Richmond ($7988) – still
ranked below the U.S. median family income ($9586). Other 1969 median familY incomes ranged
from $4480 (Burke) to $6997 (Barnwel1).

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 ski1led manufacturing jobs. As Of 1977, the U.S. average incow per employee
($9836) was greater than any cOunty av@ra9e in the area except Aiken ($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 nonclassifiable 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%), Gradual1y declining value added/value shipment#
(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. P~iqcipal products
contributing to a high Aiken County VA/VS ratio are primary clay minerals. f?nlshed apparels,
chemical and al1ied products, and machinery-related products. Since 1970, VAIVS percentage
decreases have been greatest in Orangeburg (-10%) and Lexington (-6.2%) counties.

The 1977 total value added for Richmond ($464 million) and Aiken ($611 milling) counties
accounted for 97% of the entire Augusta SMSA,value added ($1.108 bil1ion) 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 almost $13 billion in
Georgia.

Of the 1979 value added contributed by SRP ($28o mi11ion), approximately 76% is from plant
operation, 18% is fyom plant constr”ctio”, and 6% is from govev”ment employment.

●

*Fort Gordon data from Augusta Chamber of ComMePCe, 1980.

‘Value added (VA) fs 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 e
in value at each stage i“ t,he production of a good, indicating net income created, and measured
in the form of wages, pvofit, rent, interest, and taxes.

*A high ratio of va]”e added to value shipment (VS) indicates greater independence from
regional imports.
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● 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 Al lendale counties, as wel 1 as the state of
South Carolina (3%).

E.5.5 Gross state product of Georgia and South Carolina

From 1976 to 1978, the 9ross state product (GSP) percentage growth rates of both South Carolina

and Georgia were S1 ightly 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 GSPS 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 percentages were greater than South Carolina in wholesale and retai1
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 1979 SRP impact totaled about 1% ($651 million) of combined South Carolina and
Georgia GSPS.

E.5.6 Labor market

Employtnentlevels 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
OWPF construction labr demand analysis.z Zone one includes those areas within daily comuting
distance of up to 110 km from the work site. Construction aployees living in the second zone,
around 110 to 24o km from the work site, will usually comute 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 n?arketfor SRP construction labor force because of current and
projected dmnd 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 around 3.75 million 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 ~pl Oyees. the lar9est cOntributiOns arisin9 frOm
Richmond County in Georgia and Aiken (including over 1700 then employed at the SRP), Lexington,
and Dorchester counties in South Carolina. Unemploflent in this zone ranged from a low 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 unwployment levels in,1979.

e

Estimated 1979 construction industry employ?nentin 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 11O km of the SRP that will
create a significant demand for skilled laborers is the Georgia Power ComPanY’s Vogtle Nuclear



E-12

TableE.3.C.mafructfonernptoymmwby cmtland zone,le79esllma!em’

1lo-km 240-km
(7C-mile) (150-mile) Twc-state

Craft b commu?lng traveling ragion
zone zone

Boilermakers 62 179 532
Carpenters 2,678 13,105 26,910
Insu!ators 188 932 2,G5O
Electricians 1,231 5,79a 11,869
Concrete finishers 460 1,944 4,358
Ironworkers 332 1,210 1,939
PaInters
Millwrights

620 3,017 6,120
189 %2 1,Ed4

Heavy-equipment operators 977 4,803 10,735
Teamsters 464 2,237 4,610
Plpefittertiplumbers 1,290 4,926 10,360
Laborers 2,644 11,665 32,200
Sheet-metal workers 471 2,477 4,550

Total 11,606 5s,2s 117,660

Sources South Carolina Employment Security Commission, South
Carolina: Nonmanufacturing Industries, Occupational Profile 1978, Colum bia,
S.C., 1979 Georgia Department of Labor, 1978 OESRasu/ts for Selected Crafts

(unpublished). This table is taken in its entirety from Robert Garey et al.,
Preliminary Analysis of F?ojected Construction Employment Etfects of

Building the Oefense WEste Prwessing Facilityatthe Savannah River Plant

prepared for ORNL byOak RidgeAssociatedUniversities,1961.ORNUTM-
7692(1961).

aConstructionemploymentby craftforthetwo-stateregion~uals the
sum ofcraftemploymentinSouth Carolinaand Georgiaas reportedinthe
1976OccupationalEmploymentSuweys ofthosestat=,multipliedby 1.016,
theannualprojectedrateofgrowth. Craft employment in the 110- and 240-km
zones was obtained by first dividing 1979 construction employment 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 in1979,and 1979employmentby craftatthgVogtleNuclear
Pownr PlantnearWay”esboro,Georgie,were added,giving a“ estimate of
total construction employment in the crafts of interest in 1979. (The 1979 SRP
construction workers were included in the state totals for South Carolina, but
not i“ the county level figures on which the 110- and 240-km zone totals are
based. Vogtfe’s construction workers similarly were not included in the county
level figures in Georgia, ) Craft estimates include helpem.

bMachfnis%, who wi\\ ta wquir%d in estremely small num~rs during
construction, are not included because this craft is not normally considered
part cd the construction industry, and thus there are no figures available on
their employment levels in that indusby. It is vew probable that all will be hired
from the local area.

Plant now under construction in Burke County. Projected peak construction employment at this
plant is over 4000 workers by 1983; completion is scheduled for 198S.*

E.6 GOVERNMENTS ANO FISCAL POLICY IN THE REGION

Five levels of government function in the 13-county area, providing services, implanyanting
policies, and interacting with each other and the citizens. These levels include 81 contnunities,
13 counties, five regional councils or planning and development emissions, two States and the
Federal governwnt.

Most of the 39 Federal agencies serving the study area have regional offices, such as the U.S.
Nuclear Regulatory Comiasio” and the Environmental Protection Agency, in Atlanta or Columbia.
Federal aid to Georgia in 1979 totalled over $1.36 billion ($296 per capita) and represented
about 33% of state revenue. Federal aid to South Carolina totalled over $870 mi11ion ($297 per
capita) and constituted about 32% of total state revenue.

‘In June, 1981, Georgia Power Company announced this schedule had been accelerated.
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● nsjor differences exist between the South Carolina and Georgia judicial systems and organization
of state government agencies. In South Carolina, considerable local variation exists in al1
courts except the state supreme cOUPt and circuit courts that are governed according to the
state constitution; the entire Georgia court sYstem is unlfofmly based on its state constitution.
Further, South Carolina has over 130 state government agencies and many responsibi1ities
overlap; Georgia has 22 consolidated state agencfes.

County,governments operate under a~thorization of their respective state constitutions; m“nic-
ipalitles operate under authorlzatlon of state legislatures. In addition to local county and
municipal governments in South Carolina and Georgia, “special purpose” (such as school and
water) taxing districts exist. Both states also 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, local home rule for counties
and municipalIties allows for taxation, regulatory, and other powers. In Georgia, home rule
does not include the Power of levYin9 taxes for eithep type of jurisdiction.

The county government organizations in South CarOlina may be of the following types: counci1,
council-administrator , council-supervisor, or council-n!anager. In Georgia, the governing
authority of counties is the Board of County Conunissioners. Officials in each state are elected
for four-year terms.

The forms of municipal government organization,in both South Carolina and Georgia are counci1,
mayor-council, or council-manager.

In South Carolina regional planning counci1S of government (COGS) were formed in 1971 to promote
area governmental coordination through Planning services. Federal grants administration,
economic development, and other management assistance. Regional planning counci1s are financed
by local, state, and Federal government funds. The lower Savannah River COG includes Aiken,
Allendale, Bamberg, Barnwel1, and Orangeburg counties. The Upper Midlands COG includes Lexington
County. Hampton County is in the Low County COG, whereas Edgefield and Saluda counties are in
the Upper Savannah COG.

The area planning and development co~tssions in Georgia provide similar services of regional
planning and are funded 25% by local governments. 25% by Georgia state government, and 50% by
the Federal government. The Central Savannah River Area Planning and Development Commission
serves Burke, Columbia, Screven, and Richmond counties in the study area.

E.7 PUBLIC ANO PRIVATE sERVICES IN THE PRIMARY STUOY AREA

Variations informal organization and scope of services provided result from contrasting urban
and rural envlronments In the study area. Large urban areas, such as Augusta and Aiken,
generally offer more comprehensive services provided by full-time paid employees, whereas
smaller 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 schools, 21 high schools,
10 special schools, 8 vocationalltechnical 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 OWPF wil1 generate changes in area school enrol1-
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 faci1ities. As of
the 1979-80 school year, about 6600 extra students could have been accommodated in existing
public schools. 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 Oenmark-Olar No. 2 districts
are using their facilities to capacity or near capacity. It would be difficult 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

e
to handle additional students. However, about half of the individual faciIities within these
connnunitiesare already uti1ized near capacity or above capacity levels.

To alleviate enrollment problems, plans fOr facility expansion exist in some counties, and
new faci1ities are already in place in others. In Aiken County, three new high schools
opened in 1980 and 19B1, with a capacity total1ing 3275 students. Because of shifts in
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enrol lment and ava~labi1ity of these faci1ities, a major rezoning of school boundaries occurred,
Also, the school districts of Allendale, Denmark-Olar, and Blackville have recently added mobile
units to increase classroom space. Further, Columbia County is constructing two new high
schoOIS to accommodate a tOtal of 2400 to 2500 students. In anticipation of a possible SRP
~xPansion, the Barnwel1 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 distrfct ranges from 18.5:1 in the Wi11iston
Oistrict to Z5:l In the Columbia and Allendale County school systems. Five of the SeVeO 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 both 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,

swiming Pools, fishing and boating facilities. 9olf 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. Evalu.?,.

tions of the study area have indicated a deficiency in public recreational facilities and
prOgrams.3 In addition, the existing county school facilities are heavily used.

Cultural opportunities are primarily offered in the major cities of Augusta and Aiken, which
offer museums, 1ibraries, historic sites and tours, and other programs. Popular 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 al1-volunteer
staff. Approximately 10% of the publicly supported flre 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 ser,viceby virtue of their having an Insurance Service Office (1S0) 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. Although the cities of Aiken and Augusta are
judged 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 1ittle or no protection
(1S0 ratings of 9 and 10).

Approximately 18 emergency medical/rescue services operate in the primary study area, most of
which are staffed by volunteers, 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 tlospital 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 “atio”al average of 1.5 ful1-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 co”ntY, (1.gg) which is basically “rba”, approximates the national
average of 2.0 policeme” per li31J0population for Cities the size of Augusta.

The physical condition and specific functions of the area>s six municipal and six county jails
varies. The Barnwel1 Co””tY jai1 also serves Allendale County. The average number of inmates e
per day does “ot exceed avevagE facility capacity. An expansion of the Barnwel1 COUntY faci1itY
is currently “ndep way; plans tO upgrade the Richmond Co””ty jai1 are currently being considered,



E-15

●
E.7.5 Health services

The greatest concentration of health services in the primary study area occurs in the two urban
centers of Augusta and Aiken. Augusta is a leading regional medical center providing general
and specialized medical care to the U.S. Army and the Veterans Administration as wel1 as to the
general public. While every county except Columbia has at least one hospital, the urban centers
provide 91% of the hospital beds (Richmond, 82%), 94% of the OutPatient careY 63% of the nursin9
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 criteria from
the U.S. 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 wel1 below capacity. The systems within the counties of Allendale, Bamberg, Barnwell, and
Richmond are currently experiencing sewage problems. Both Allendale County treatment faci1ities
have reached plant capacity; however, expansions are currently being planned. At the Oenmark Plant
j“ B~~b~~gcO”mtythe ~mo””tof sewsge is double the treatment capacity because of infi 1tcatiOn/

inflow. Expansion of the Oenmark Plant is currently being planned. In Barnwel1 County, sewage
is also exceeding treatment capacity at the Blackville Plant because of infiltrationlinflow. A
rehabi1itation 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 wel1
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). Faci1ity improvements are being planned for Allendale County
and the city of Barnwel1. No significant treatment problems 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 slight, moderate, or severely limited.
The percent of each county having severe soi1 limitations is Columbia (80), Allendale (50),
Richmond (4o), Bamberg (25), Aiken (20). and Barnwel1 (5).

E.7.7 Public water systems

Of 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 faci1ities such as restaurants, nursing homes, motels, and schools. Al1 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 No~th Augusta and Columbia County
(the Savannah River) and the city of Aiken (Shaws Creek and Shil Springs). All systems can

!
accommodate additional use, except the Pine Hi11 Plant located i Richmond County, which is
operating at 100% capacity. Area systems approaching maximum se vice capacity and, therefore,
which can supply the least relative increase in service demand a~,elocated in Richmond County
[Pine Hil.1.(.l.00%),County plant-1 (85%), -2 (90%), and Augusta (70%)], Barnwel1 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! Oenmark, Erhardt,
Govan, and Olar), Barnwell County (Blackvi1le. Elko, and Wil1iston). COlumbla 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 disposal

Of the seven public domestic landfil1s in ‘thearea, five are publicly owned, al1 are publicly
operated, and four wi11 experience waste-capacity problems in the short-range future (O to
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5 years). The waste capacity at the Columbta County landfi11 Is currently exhausted because of
an unanticipated doublinq of thi~ county’s population since 1970. Further, two sites in Aiken
County (DWp-97 and the CItY of AIken Sanitary Landff11) wfl1 reach capacity in five years. as
wi11 the Richmond COuntY sa?~tary Landfill. At other area county sites. Projected maximum waste
capacities wfl1 be reached In 10 years at Afken O~P-72and 20 Year$ in both Bambergand Barnwell.

CO1lection SystemS range from “do-it-yourself” operations in portions of Columbia and Ajke”
counties, to house-to-house CO1lectfon in Augusta and incorporated communities, to collection
boxes stationed in rural portions of Bamberg, Barnwell, and Aiken Counties. Private contractors
provide CO1lection service in portions of Aiken, Richmnd, and Columbia counties.

E.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. Mere than one-half of
the 347 agencies are located in the urban counties of Richmond (147) and Aiken (84 ; lesser

1concentrations are found in rural counties such as Allendale (42) and Columbia (12 . Except for
Columbia County, each county has at least one agency for each mjor social service.

E.7.1O Libraries

The primary study area is served by three regional 1ibrary systems: Aiken-Bamberg-Barnwel1-
Edgefield (A8BE), Allendale-Hampton-Jasper (AHJ), and the Augusta Regional Library System
(ARLS). The ABBE regional system includes a main 1ibrary in the city of Aiken, three county
libraries, six branches, and one bookmobile. The AHJ system includes one library located in
AlIendale County plus one bookmbile. The ARLS includes a n!ain 1ibrary in Augusta, three
branches, and two bookmobiles.

Book CO1 lection size per service population was $lightly below recommended standard in 1979 at
two area regional library systsms (AB8E and ARLS) and above standard at the third (AHJ).

E.7.11 Utilities

The primary study area is generally well-serviced by electric and natural gas utilitles, which
consist of private, investor-owned, municipal, and rural cooperative companies, Natural gas is
used pri~rily by industrial customers; residential customsrs consum wst of the electricity.
~st of the area power is generated by two utility companies, South Carolina Electric 8 Gas
(sCE&G) and Georgia Power, from coal, natural gas, oil, and hydropower. Powsr is sold directly
to residential customers or wholesale to mnicipal and cooperative utilities. The 1979 sumner
peak demands were 67% of total generating capacity (3.66 GW) at the SCE6G, and 96% of total
generating capacity (10.57 GW) at the Georgia ,POWerCompany.

Two power generating faci1ities are located within the primary study area and another is under
construct on. Although the SRP is the 1argest customer of SCE&G, it also consumes power produced
by its own coal-burning facility. The Urquhart Steam Plant, a coal/natural gas facility, with
250,000 kW capacity, is located in Aiken County on the Savannah River. The Vogtle Nuclear Plant
located in Burke County is under construction for the Georgia Power Coinpanyand scheduled for
operation after 1984.

Natural gas, used mainly for industrial purposes, is transported into the study area by the
Carolina Pipeline Company and distributed by the SCESG, the 8amberg 8oard of Public Works, the
Atlanta Gas Light Company, and the Georgia Natural Gas Company. The natural gas lines in
Columbia County have 1imited service capacity that IMY hinder future industrial expansion.

E.7.12 Civi1 defense and smergency Preparedness

All primary area counties, except Allendale, have active civil defense departinentsand state-
appro~ed emergency preparedness plans. In Allendale County, the sheriff acts as civil defense
coordlnator. Staffing varies from a totally volunteer basis (Burke County) to two full-time
employees P1us 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. All of the active civiT defense depart-
ments hold training sessions for volunteers including at least one simulated mass-scale emergency
per year. None of the seven counties has an emergency operating center fully qualified by
Federal standards, but al1 have buildin9s that serve,as their majOr cO~unicatl On centers.
Though the counties uti1ize a wide variety of Connnunlcationnetworks and the degree of practice
is highly variable, all are attempting. with the assistance of their state civil defense
agencies, to adopt more uniform and comprehensive practices. A 1980 South Carolina law on
emergency preparedness provides for development of minimum standards, definition of roles and
responsibilitiesof state agencies, designation of state and local contact points for official
public information, and guidelines for a public education program.4

In addition, the SRP has various service agreements for mutual asistance or spectal support with
Fort Gordon and Talmadge HOspftal in Augusta. SRP also has fire-fighting mutual aid agreements
with Al1ied-General Nuclear Services in Barnwell, the city of Aiken, and the South Carolina
Forestry Comissjo”. Memos of understanding between SRP and the states of South Carolina and
Georgia cover notification and emergency responsibi1ity in the event of a potential or actual
radiological emergency at the SRP.

E.8 HOUSING

Because some workers fOr the prOpOsed OWpF facilitY wil1 require h0usin9 iq additiOn tO that
currently available. the existing h0uSin9 stOck wi11 be characterized herein with resPect tO ‘ts
location, condition, and other characteristics. The capacity of the housing industry is
assessed.

Most of the available housin9 stock in the study area is located in the Augusta (Georgia) SMSA
and in Lexington County of the Columbia (South Carolins) S~A. 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 lg79), whereas the three smaller rural cOunties Of Barnwel1, Bamber9. and Allendale cOntain
the rewining 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 rates of 3.6% per year.
Oemand in Barnwell county averaged about 3:5% per year in the period 1970 to 1977, whereas
Allendale and Bamberg county rates were S1lghtly 10wer 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 housin9 stock occurred in
Lexington and Orangeburg counties: Lexington averaged a 4.6% increase per year (1960 to 1970)
while 0ran9eburg 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.5

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 1ive 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 33,5oo in the Augusta SMSA in 197g)s5 reflectin9 the concentration Of rental
units in the larger urban areas. Mure 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 housin9 counties were Columbia ($16,300). RichmOnd
($14,700), and Aiken, ($13,000). In addition to Screven, other counties with mdian values
around $10,000in 1970 were Allendale. HamptOn. Barnwel1. and Bamberg. The rapid increase in
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TIIUe E,4. Selecmd housing inf.rtnatl.n in the Primaw ,tu~ are. and Oranwhr.a Counw
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1.141
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1,607

2,449
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18,345

1,W6

3.9%

97
3.%

164
3.4%
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3.5%

735
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4.m
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395
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e
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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 Barnwel1, $75,ooo in
North Augusta and $60,000 in Aiken (CIty). Median housing values wi11 remain much lower in the
low-growth counties because the average age of the housing stock is older.

E.8.2 Vacancy trends and physical condition

In general, vacancy rates (1950 to 1970) have decreased in the counties and increased in the
incorporated cities and towns. 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 10% in 197o to 7% in 1979.5 See Table 4.9 for additional vacancy
information.

The percentage of unit: lacking some plumbing facilities is higher in the rural counties than in
the more urban areas, ranging frcin5% in Richmond County to 38% in Allendale and 44% in Burke
County (1970).

Similarly, more crowded housing (more than one person per room) is found in rural rather than
urban areas. 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 i“ “rba” areas, A“g”sta has avound
2700 rooms, Ora”geburg County approximately 1000 rooms, a“d Ajken County approximately 500 ?ooms.
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● Excess motel capacity exists in the town of Allendale and elsewhere along u.S
the maJor traffic decline on U.S. 301 since the opening of I-95 in that area.
other hand, has a shortage of rooms. Columbia County is the only county with
motels.

301 because of
8arnwell, on the
no hotels or

E.8.4 Housinq 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 ample capacity to meet large increases in demand for housing in South
Carolina, especially around urban or growth centers.

The housing industry in Aiken, Richmond, Columbia, and Barnwel1 counties is considered strong by
local informants and capable of responding fairly quickly to increased demands for housing. The
City of Barnwel1, for instance. has five active h0usin9 cOntractOrs. and the indust?y in the
City of Aiken is considered “very strong.”6

E.9 TRANSPORTATION

E.9.1 Roads and highwavs

The area is served by major interstate, 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. Of 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 ~~g~~n:,
westward through the capitol city of Columbia and through Augusta and Atlanta, Georgia.
state 26 extends from Ashevi1le, North Carolins, southeast to Charleston, South Carolina, as it
intersects secondary area counties of Lexington and Orangeburg, South Carolins. Interstate 95

parallels the eastern U.S. coast and intersects secondary area counties of Orangeburg and
Hampton, South Carolins.

Fig. El. Highway network in the vicinitY of SRp.
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Major U.S. highwaYs intersecting the study area counties include U.S. 321, (through Lexington,
Orangeburg, Bamber9. Allendale, and Hampto~), U.S. 301 (through Orangeburg, Bamberg, Allendale,
and Screven). U.S. 78,(through Columbia, Richmond. A:ken, Barnwell, and Bamberg counties),
U.S. 378 (from Columbia, south Carolina, through Lexington and Saluda counties), and Us.
highways 1. 178, 601, 278, and 21, parts of which are multi-lane. Other multi-lane state
highways include S.C. 125 (from Augusta through the SRP to Allendale), S.C. 19 (from Aiken to
u.S. 278 north of the SRP). S.C. 64 (from the SRP to Barnwell), and others near Augusta, Georgia.

various South Carolina $tate highways lead to the SRP’s northern, eastern, and southern boundaries,
although public access into SRP Is 1imited. Northern access to the SRP boundary includes
S.C. 125 (multi-lane) from the town of Jackson, South Carolina, and S.C. 19 (multi-lane) from the
towns of Aiken and New Ellenton, South Carolins. Eastern SRP boundary access includes S.C. 781
and S.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 SRP southern boundary access is S .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. 27B, S.C. 125, a 0.7 km section of SRP
Road 2 (leading to S.C. 19), and three other roads near the SRL administrative building.

Although the SRP is FederalIY owned, by virtue of a deed of easement and South Carolina state
enabling legislation, the state of South Carolina is responsible for maintenance of the S.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 SUP 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. Outside the Augusta urbanized area, highest average
dai1y traffic volumes recorded were along the Aiken-Augusta corridor, consisting of U.S. 1 and 78,
and S.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 improvmnts 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.

E.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 Railroad, 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 Oenmark and Barnwell, South Carolina, and
provides service to the SRP along with another conjoining SCLR branch that parallels the Savannah
River. Ouring 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 Fhrhardt 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 Atlanta. In March 1977, the Harrisonvil.le
yard served over 22,750 cars and averaged 735 cars per day. In Augusta, the Georgia Railroad
provides primvy 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, to
the capitol city of Columbia, South Carolina. Another extends from the town of Edgefield, South
CdPolina, through the towns of Aiken, Blackville, a“d Oemnark 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, Georgia.. It’s yards served an average of about 1200 cars per day in
March, J977.

E.9.3 Airports

There are 10 aviation facilities i“ the primary study area – four priyate a“d six general a~iation
fields. Bush Field in Augusta and the Columbia, South Carolina, Met~opolita” Airport fn Lexington m
County (in the secondary area) are the only two airports that provide scheduled air passenger
services.

The entire Fort Gordon military in~tallatio” is a restricted $ir zone as was the entire SRP
reSe?VatiOn before 1976.
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E.9.4 water transportation

During the per~od 1958 tO 1965. a channel was constructed on the Savannah River from Savannah
Harbor to Augusta (2.7 m deep x27 m wide x 2g0 km 10n9). 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 ensurin9 minimum Savannah River channel flow requirements.

The coinnercialwaterborne traffic on the Savan!ah River below Augusta has increased from about
45,OOO tlyear in the early lg70s to 100.OOO 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.

E.1O HISTORICAL, SCENIC, ANO ARCHAEOLOGICAL RESOURCES OF
THE PRIWRY STUOY AREA

Within the primary imPact area in 1979. 55 sites were listed in the flational Register of Historic
PZaCeS. 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, AIlendale. and RichmOnd cOunties. ln addition, five historic districts,
Graniteville, in A1ken CountY, and the Augusta canal. Broad Street, Pinched Gut, and Sumnerville
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 Carolina has a fomal list of historic resources,in the State Archaeological File. In the
four primary counties, 489 sites are listed: 219 in A1ken, 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 Nat&w: Regi8ter of His@r’ic Places, 113 locally recognized sites are
identified by A Suruey of H%stiticaZ Sites in the Lower Saud Region.

In the Georgia study area. approximately 80 Sites are identified in the State Archaeological Site
File; the majority are located in Richmond and Columbia counties. Little systewtic work has
been done on these or other Potential sites. In additionto the National Register, 42 sites are
included in l’heEnvironmentally Sensitive Arem & Sitee of Historical Si~ificance. These
include homes, churches, industrial facilities, and one natural feature.

Scenic resources include Heggie Rock, a lar9e 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
Hill Reservoir, which covers over 31,000 ha. In addition to the approximately 200 Carolina bays
within the SRP, several hundred mre 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 ATTITUOES6

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. Opposltlon to the facilities (primarily comnekcial

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.l Attitudes toward nuclear facilities

The great preponderance of attitudes expressed by local leaders toward area nuclear facilities
was positive in six of the seven counties where interviews were conducted. Because attitudes of

*
This discussion is based upon interviews with 75 local residents and officials i“ seven

impact counties (primary study area plus Burke County) as well as newspaperfiles 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 10Cal leaders toward industrial facilities and development tend to be more
positive than those of the general public. Interviews were conducted by E. Peelle, Oak Ridge
National Laboratory, in April to June, 19B0, and by R. Garey, Oak Ridge Associated Universities,
in November to Oecember, 19B0.
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TableE,5.NationalRegistersiteswllhl.theprimarystudyarea

Nam, Loc.tion

Alken County, South Carolina

1, Chancellor James Carrel House Aiken
2. Coker Sorinas Aiken
3, Legare-hor~an Ho.,. Aiken
4. ?he!ps House Aike”
5. Daws.n-vanderhorst House NE of Aike.
6, Fort Moore-Savano Town site Beech Island vicinity
7. Redcliffe NE of Beech I,land
8. Graniteville Historic District Granitevi(le
9, Silver Bluff W of J ackso”

10. Charles Hammond Ho.ae North Auguzta
11. Rosemay Hall North Augusta
12. Joy. Cottage A iken

A1l.”dal. County, south Caroll”a

13. Antioch Christian Church SW of Allendale
14, Erwi. House SW 01 A!lenda\e
1S Grave) Hill Plantation SW of Allendale
16. Red Bluff Flint Quarries Allendale vicinity
17. Ro,e( awn SW of Allendale
16. Smyrna Baptist Church S of Allendale
19. Lawt,Jn Mounds JohnSons Landing vicinity
20. Fennell Hill Peeples vicinity

Bmnkrg Co.”ly, south Carolina

21. General Francis Marion Bamberg House Bamberg
22. Woodlands SE of Bamberg
23. Rivers Bridge State Park Ehrhardt vicinity

Barnwell county, Soulh CarO1lna
24. Banksia Hall Barnwell
25. Church of the HOIY APostles Barnwell
26. church of the Holy Apostles Rectory BarnWell
27. Old Presbyterian Church Barnwell
28. Bethlehem Baptist Church Barnwell

Colmlda CcurIV, Georgia

29. Kiokie Baptist Church Aopling
30. Stalltngs Island NW of Auwsta
31, Woodville W. field viciniw
32. Columbia county courthouse @pling

R khmmd County, Ge.argla

33. Academy 01 Richmond Co.n!y Augusta
34. A.g.s$a Canal Iod.strial Augusta

Historic District
35. Augusta Cotton Exchange Augusta
36. Stepnen Vi”ce”t Benel Home Augusta
37. Brake House Augusta
38. Landmark Baptist Church of Augusta Augusta
39. Fiesimons.HamptOn House Augusta
40. Gertrude Herbect A,t Institute Augusta
41, Har,iS-PearsOn-W alke, tf.u$e Augusta
42, Meadow Garde” Augusta
43, Old Medical College Building Augusta
44. Old Uichmo”d Co””ty Courthouse Augusta
45. SeC,ed Heart Catholic Church Augusta
46, St. Pa.ls Episcopal Church Augu,ta
47. Aug. $ta Na!io”al Golf Club Augusta
48, Goufd.Weed House Augusta
49. Lamar Building Augusta
SO. Reid.Jo”es.CarpenIer House Augusta
51, Wood row W il... Boyhood Home Augusta
52. College Hill Augusta vicinity
53. Broaa Street Historic District Augusta
54. Pinched Gut Historic Dislrict &ug.sta
55. Sum”emilfe Historic District Augusta

Source us. Department 0! the Interior, Heritage Conservation and
Recreation Se,vice, Nat;onal Register 01 H;s!or;c Places, Washington, D.C,
Government Printing Office, 1979, 1960.
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a
local leaders toward industrial faci1ities and development tend to be more positive than those of
the general public, we asked the leaders about the views of the general public, in particular,
divergent views. Most leaders could not identify any local persons or groups who were opposed.
Leaders note both that people feel that the economic benefits outweigh possible risks and that
“most people are not concerned (interested, informed, etc.) about health or environmental 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 possible 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
the 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 Palmetto 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. For example, the Friends of the Savannah River have questioned
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 who noted the absence of protests at the Georgia Power Vogtle nuclear plant now under
construction across the river from SRP.

All counties share another characteristic: lack of detailed information about the various
nuclear facilities. Most citizens and some officials do not distinguish between the different
faci1ities (private and Federal), different purposes (defense, commercial), 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 plutontum, at SRP, storage of low-level
wastes by the Chem-Nuclear company, and potential reprocessing of conunercialwastes or potential
storage of spent reactor fuel elements (away from reactor-AFR-storage) at the Al1ied General-
Nuclear Services facility. A given faci1ity and rulings or events concerning it are often
confused with other faci1ities.

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 “old” 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 Comnunity 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
fotmal 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. Outside of Aiken, we found only
two leaders (a Barnwel1 media owner and the Augusta mayor) 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 Apri1 and August of 1980 announcing the information gathering activities for the
OWPF Oraft Environmental Statement.
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could be accommodated if they knew what to plan for. Leade$s 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 recalled receiving notification letters
about the Defense Waste Processing Facility project. Of those who knew of the proposed OWPF
effort, almost all favored solidifying 1iquid wastes and removing them from temporary tank
storage for eventual removal frm the area. Two Opinion 1eaders fram the Augusta area emphasized
the need for widely announced public hearings on the draft EIS to be held at accessible locations
and at convenient times so that the general public has the opportunity for conrnentingon the
conclusions.

Since 1968, pa~ents in lieu of taxes (PILOT) have been made to Aiken, Barnwel1, and AlIendale
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 AlIendale County.

Some concern was expressed by 1eaders that PILOT payments were too 1ow and not distributed to all
counties that are affected by SRP. Several officials were aware that existing PILOT payments ale
not tied to impacts but only to 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 South Carolins) or that impact aid for Georgia counties wi11 be terminated altogether as of
1981.*

*
Three hundred and thirty SRp ~“{tori”g reports were sent in 1979 to area news Inedia,stdte

@

and local officials, and those who requested them.

‘The extension of school impact f“”ds for. Fy-lgel WaS qualified by the U.S. House of
Representatives to exclude al] jurisdi~tfonS o“t~ide the state fn which the Federal faci 1ity
exists. Thus, Georgia counties Wi 11 no longer receive aid.
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SUBSURFACE HyORoLoGy

a Three distinct geologic systems underlie the SRP: (1) the coastal plain sediments, where water
occurs in porous sands a“d clays; (2) the buried crystal1ine metamorphic bedrock, where water
occurs in small fractures in schist, gneiss, and quartzite; and (3) the Ounbarton basin, where
water occurs in intergranular spaces in mudstones and sandstones. The coastal plain sediments
contain several prolific and important aquifers, which wi11 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
southeast 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.l The sandier beds form aquifers and the clayler beds form confining
beds. The coastal plain sediments consist of the Hawthorn Formation, which is successively
underlain by the Barnwel1, Mc8ean, Congaree, Ellenton, and Tuscaloosa formations.

The Tuscaloosa Formation rests on saprolite, a residual clay weathered from the crystal1ine
metamorphic bedrock (Fig. F.2) The Tuscaloosa Formation is about 180 m thick near S-areaz and

consists of a sequence of sand and clay units. 3 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 s“pply water to the SRP. In areas of the South Carolina
Coastal Plain within 40 km (25 miles) of the Fall Line, the Tuscaloosa Formation is a major
SUPP1ier of gro”ndwater;4 wel1s como”ly 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 Ellenton
Formation, the water-bearing ““its within the fomations are not completely separated by an
interve”ing confining bed and the water-heaving “nits of the two formations are considered to
constitute a single aquifer.5 The clays that separate the Ellenton Formation and the overlying
Congaree Formation are apparently extensive a“d continuous enough to act as a confining bed that
separates the water in the Ellenton Formation from the water in the CongaPee Formation.6

The Congaree Formation (Fig. F.2) is about 40 m thi’k “ear S-area and consists of a lower unit of
sand with clay layers and an “ppet.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
Formation (Fig. F.3). The Congaree sand beds constitute an aquifer that is second only to the
Tuscaloosa Formati~n i“ importance with yields of up to 3600 m3fday.7

The McBean Fovmatiop (Fig. F.2) is about 25 m thick neat.S-area a“d consists of a lower unit of
Calcareous clayey sand a“d a“ upper ““it of clayey sands.e 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 “ear S-area.

The Barnwell Formation is overlain by the Hawthorn Formation (Fig. F.2). In some instances the
Barnwell and Hawthorn fotmatfOns are co”sideped a single unit because of the difficulty in
distin uishing between them.
VO1.l?. From bottointotop, theyconsist of: (I)aclay ””itknow” asthe”ta”c lay,s’which

The two units together are about 30 m thick near S-area (EIO,

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 i“cl”de 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 “s”ally within the Barnwell Formation. Because of
the large amounts of clay and silt mixed with Bar”well sands, it does not generally yield water
to wells except from occasi,o”alsand lenses.

F-3
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Fig. F.1. Generalized northwest to southeast geologic profile across the Savannah River
Plant.

F.2 GROUNOMATER FLOW

The Barnwel1 Formation commonly contains the water table with water depths ranging from 9 to 15 m
bel Ow the ground surface. Static heads (Fig. F.2 and Table F.1) in the McBean Formation are
slightly lower than those in the Barnwell Formation, indicating a tendency for downward flow.
The Barnwell and McBean formations are separated by the “tan clay,’,

a relatively low-permeabilitymaterial located about 30 m below the ground surface. Static heads in the Congaree Formation areabout 18 to 21 m lower than those in the McBean Formation,
The McBean and Congaree formations

are separated by the “gree” clay,,,a confining bed located about 50 m below the ground surfaCe.
static heads in the Ellenton Formation are about 3 m higher than the Congaree Formation, indi-
catin9 the formations are hydraulically separated by clay confining beds located about 90 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.
in the Barnwell Fomat ion laterally to creeks.

The “tan clay” diverts SOme watev
The “gree” 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 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 Barnwel1
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) also 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 S-area. The Tuscaloosa Formtion 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 detemined by laboratory and pump tests near S-area.9 The
direction and rate of groundwater flow are determined by the hydraulic condu.ctfvfty, hydraulic

●
gradient, and effective porosity. Laboratory-determined hydraulic conductiveties are more
variable than those determined from pumping tests. The latter data, shown on Fig. F.8, are
considered more reliable than the laboratory determinations because they represent a larger
portion of the aquifer being tested.



Fig. F.3. Hydrologic sections near S-area

In the Barnwell Formation, the median hydraulic conductivity for the clayey sand unit is
0.04 mlday, Although no pumping tests were made on the silty sand unit, pumping tests in a sand
lens within this unit determined the median hydraulic conductivity to be 0.3 m/day. 1n the
McBean Formation. the median hydraulic conductivity of the upper sand unit is 0.13 mlday and that
of lower unit of calcareous clayey sand is 0.07 m/day.10 Fluid losses in the calcareous unit
during drilling operations make it appear very permeable. Apparently zones of high permeability
are not continuous over large.distances and the hydraulic conductivety of the calcareous unit is
1ower than it appears from dril1ing experience. The median hydraulic conductivety in the
COngaree Formation is 1,5 m/day.3 The effective porO~jty Of each Of the fOrmatj,y”~f~ e~tjmated
to be 201.

The presence of mica and kaolinitic clays in the subsurface materials will make ion exchange a
Si9nificant factor in control1ing contaminant transport in groundwater. The pH and the con-
centrat~On Of strontium and cesium in a postulated leak must be known to estimate the distribution
cOeffiC1ent Kd. The effect of pH and concentration on the distribution coefficients is shown fn
Fig, F.9.:1
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Table F.1. Pi.3zometer data at DWPF

Formation Piezom.,e, Gro.nds. rlace elevation Wellpoi”t elevation

sensed number (m-MSL) (m-MSL)
Static head

(m-MSL)

Bafnwe(l BH-@
SH-14
BH-2%
BH-75A
HC-13C
HC-l W
RsSF-1
RSSF-2
RSSF-4
RSSF-5

Mc9ea” BH-3
BH -6
BH-W
BH-8SA
HC-90
HC-13B
RSSF-3

Congaree BH-4
BH -8
BH-15
BH-84A
BH-69
HC-9A
MC.. !..,----

Ellen!on BH-2
BH-9
BH-13
OH-2UA
6H-WA

84,43
87.02
87.SQ
82.~
88,97
80.Cd
89,43
84.40
88,12
69.22

84.25
84,43
66.38
84.31
82,06
68.79
80.52

86.62
63.~
S1 .72
64.08
66.7S
82.08
80.M
79,52

63.45
93.03
66.26
86,23

70.41
74.83
72.88
67.36
63.12
55,96
66.14
61.27
72.54
65.53

46.45
54.25
49,20
44,07
53.25
58.92
60,35

29.17
13,20
30.51
13.23
25,21
37.73
36.00

-14.39
-7.36
-0.55

-low
-S. 26

74.07
75.W
73.91
73.37
75.77
71.66
73.66
71.78
73.61
73.06

70.20
72.60
70.S
73.00
71,63
74.59
72.79

52.79
52,88
54.53
53,07
53.19
51.69
54.59
55.50
55.72
54.16
56.21
55.99

SUJ,C,: EID.
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F.4. Average elevation of the water table in the Barnwell Formation near S-area during 1960.
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G-II Fig. F.5. Potentiometric contours in
based on measurements made August 29,

the McBean Formation. Source: Map
1977.

F.3 GROUNDWATER QUALITY

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. 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 fomtions are prolific aquifers and are major sources of municipal
and industrial water supplies. The McBean and Barnwel1 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,Do0 m3Jday. Of thiS, 21,000 m~/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 “SeS about 150 m3/day,
largest user is Bat.”wel1, diSta”ce of about 30 km, which “SeS about 15,007J~3/day.

The

SiXteen industrial users (Table F.4) within 30 km of S-area were identified with a total pumpage
Of abOut 44,000 m3/day, al1 frOm the TUSCalOOSa FOrmatiOn. The closest user to S-area is H-area;
distance less than 2 km, which uses about 56DO m3/day. The largest user is the Sandoz Company,
distance of about 30 km, which “SeS 11,000 m31~ay. projected future use includes p“mpage of
15,000 m3/day at the Barnwel1 Nuclear Fuel plant at a dj~tan~e Of abO”t 20 km frOm s.a~e~ a“d
pumpage of 11,000 m3/day at the Alvin W. Vogtle Nuclear Power Station at a distance of 25 km from
S-area.12

Total current groundwater use at
at S-area is about 37OO m3/day.

the SRP is ibout 18,500 ins/day. The projected groundwater use
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Fig. F.6. Potentiometric contours in the Congaree Formation. _ Map
based on measurements made August 29, 1977.

Mater levels in the Tuscaloosa Format~on 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 c1imatic variations but no

●
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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Fig. F.7. Potentiometric contours in the Tuscaloosa Formation.
_ Siple, 1967.
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Fig. F.8. Hydraulic conductivity values in the coastal plains sediments as determined by
pumping tests.
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