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ABSTRACT: The proposed DOE action considered in this environmental impact statement (EIS) is to
implement appropriate processes for the safe and efficient management of spent nuclear fuel and targets at
the Savannah River Site (SRS) in Aiken County, South Carolina, including placing these materials in forms
suitable for ultimate disposition. Options to treat, package, and store this material are discussed. The ma-
terial included in this EIS consists of approximately 68 metric tons heavy metal (MTHM) of spent nuclear
fuel (20 MTHM of aluminum-based spent nuclear fuel at SRS, as much as 28 MTHM of auminum-clad
spent nuclear fuel from foreign and domestic research reactors to be shipped to SRS through 2035, and
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20 MTHM of stainless-steel or zirconium-clad spent nuclear fuel and some Americium/Curium Targets ‘ TC

stored at SRS.

Alternatives considered in this EIS encompass a range of new packaging, new processing, and conventional
processing technologies, as well asthe No Action Alternative. A preferred alternative is identified in which
DOE would prepare about 97 percent by volume (about 60 percent by mass) of the aluminum-based fuel
for digposition using a melt and dilute trestment process. The remaining 3 percent by volume (about
40 percent by mass) would be managed using chemical separation. Impacts are assessed primarily in the
areas of water resources, air resources, public and worker heath, waste management, socioeconomic, and
cumulative impacts.

PUBLIC INVOLVEMENT: DOE issued the Draft Spent Nuclear Fud Management EIS on Decem-
ber 24, 1998, and held aformal public comment period on the EIS through February 8, 1999. In preparing
the Fina EIS, DOE considered comments received via mail, fax, eectronic mail, and transcribed comments
made at public hearings held in Columbia, S.C. on January 28, 1999, and North Augusta, S.C. on Febru-
ary 2, 1999. Completion of the Final EIS has been delayed because DOE has performed additional analy-
ses of the melt and dilute technology, discussed in Chapter 2 and Appendix G.  Comments received and
DOEFE'’ s responses to those comments are found in Appendix G of the EIS.
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Abbreviations for M easurements

cfm cubic feet per minute

cfs cubic feet per second = 448.8 gallons per minute = 0.02832 cubic meter per
second

cm centimeter

gpm gallons per minute

kg kilogram

L liter = 0.2642 gallon

Ib pound = 0.4536 kilogram

mg milligram

pCi microcurie

Mg microgram

pCi picocurie

°C degrees Celsius = 5/9 (degrees Fahrenheit — 32)

°F degrees Fahrenheit = 32 + 9/5 (degrees Celsius)
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Use of Scientific Notation

Very small and very large numbers are sometimes written using “scientific notation” or “E-notation” rather
than as decimals or fractions. Both types of notation use exponents to indicate the power of 10 as a multi-
plier (i.e., 10", or the number 10 multiplied by itself “n” times; 10", or the reciprocal of the number 10
multiplied by itself “n” times).

For examplee 10°=10" 10~ 10=1,000

103 = 1 =0.001
10° 10° 10

In scientific notation, large numbers are written as a decimal between 1 and 10 multiplied by the appropri-
ate power of 10:

4,900 iswritten4.9” 10°=49" 10" 10" 10=4.9" 1,000 = 4,900
0.049 iswritten 4.9 10
1,490,000 or 1.49 million iswritten 1.49 ~ 10°

A positive exponent indicates a number larger than or equal to one; a negative exponent indicates a number
less than one.

In some cases, a dightly different notation (“E-notation”) is used, where “” 10" is replaced by “E” and the
exponent is not superscripted. Using the above examples

4,900=4.9" 10°=4.9E+03
0.049=4.9" 10?=4.9E-02
1,490,000 = 1.49 ~ 10° = 1.49E+06
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SUMMARY

S.1 Introduction

The management of spent nuclear fuel (SNF) has
been an integral part of the mission of the Savan-
nah River Site (SRS) for more than 40 years.
Until the early 1990s, SNF management con-
sisted primarily of short-term onsite storage fol-
lowed by processng in the SRS chemical
separation facilities to produce strategic nuclear
materials.

What is Spent Nuclear Fuel?

Spent nuclear fuel is fuel that has been with-
drawn from a nuclear reactor following irradia-
tion, the constituent elements of which have not
been separated. When it is removed from a re-
actor, spent nuclear fuel contains some unused
enriched uranium and radioactive fission prod-
ucts. Because of its radioactivity (primarily
from gamma rays), it must be properly shielded.
The fuel elements exist in many configurations.
Generally, a fuel element is covered by a metal
called cladding and is shaped into long rods, flat
plates, or cylinders.

With the end of the Cold War, the U.S. Depart-
ment of Energy (DOE) decided in April 1992 to
phase out processing of SNF for the production
of nuclear weapons materials. Therefore, the
management strategy for this fuel has shifted
from short-term storage and processing for the
recovery of highly-enriched uranium and
transuranic isotopes to stabilization, when neces-
sary, and interim storage pending final disposi-
tion. Interim storage includes preparing SNF for
disposal in any potential geologic repository.

In addition to the fuel aready onsite, the SRS
will receive SNF from foreign research reactors
until 2009 and potentially could receive SNF
from domestic research reactors until 2035. Asa
result, the safe and efficient management of SNF
will continue to be an important SRS mission.

A key dement in the decisionmaking process for
SNF management is a thorough understanding of
the environmental impacts that may result from
the implementation of the proposed action. The
National Environmental Policy Act of 1969
(NEPA), as amended, provides Federal deci-
sionmakers with a process to use when consider-
ing potential environmental impacts of proposed
actions.

National Environmental Policy Act of 1969:
An act that requires Federal agencies to con-
sider in their decisionmaking process the poten-
tial environmental effects of proposed actions,
and to analyze alternative approaches to meet-
ing the need for agency action.

Environmental Impact Statement: A detailed
environmental analysis of any proposed major
Federal action that could significantly affect the
quality of the human environment. Itisatool to
assist the decisionmakers; it describes the posi-
tive and negative environmental effects of the
proposed action and alternatives.

Alternatives. The range of reasonable alterna-
tive actions, that could be taken to meet the need
for agency action.

Record of Decision: A concise public statement
of the Federal agency’s decision. It discusses
the decision, identifies the alternatives consid-
ered, including the environmentally preferable
alternative, and indicates whether all practicable
means to avoid or minimize environmental
harm were adopted (and if not, why not).

Following this process, DOE announced, on De-
cember 31, 1996 in the Federal Register its in-
tent to prepare an EIS (61 FR 69085) and to
establish a public comment period on the scope
of the EIS that lasted until March 3, 1997. DOE
accepted al comments received, even those re-
celved beyond the closing date. A public scoping
meeting was held in North Augusta, South Caro-
lina on January 30, 1997. Forty-one mem-bers
of the public attended the meeting with 22 pre-
senting comments or asking questions. In
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addition, during the scoping period DOE received
letters, E-mails, and other written comments.
Based upon these submittals and presentations,
DOE identified 118 separate public comments
which DOE divided into the following categories:

Processing of Spent Nuclear Fuel
Alternative Technologies
Need for a Transfer and Storage Facility

Reuse of Nuclear Material for the Generation
of Electricity

Waste Form/Road-Ready Condition/Reposi-
tory/Y ucca Mountain

Socioeconomic Impacts

Human (Occupational and Public) Health
Chemistry of Spent Nuclear Fuel
Privatization

Waste Generation

No-Action Alternative

Out-of-Scope Comments

Utilizing input from the public scoping meeting
and the NEPA process, DOE prepared a draft
Environmental Impact Statement (EIS) for public
comment.

A Notice of Availability of the Draft EIS ap-
peared in the Federal Register on December 24,
1998. Public meetings to discuss and receive
comments on the Draft EIS were held on Thurs-
day, January 28, 1999 at the Holiday Inn Coli-
seum, Columbia, SC and on Tuesday,
February 2, 1999 at the North Augusta Commu-
nity Center, North Augusta, SC. The public
comment period ended on February 8, 1999. In
the public meetings 17 individuals commented on
the draft EIS. During the 45-day comment pe-
riod DOE also received 15 letters commenting on

the Draft EIS. DOE also received seven letters
commenting on the EIS after February 8, 1999,
and the comments have been addressed in the
final EIS.

For ease of discussng the comments in this
Summary, DOE divided the comments into 12
major categories. The major points associated
with the public comments and DOE'’s responses
are summarized below.

Processing

Comments were received related to processing of
SNF. These ranged from support of processing
as a proven method for disposition of SNF to
admonitions that the processing facilities (can-
yons) should be shut down immediately. A num-
ber of comments asked for clarification regarding
the criteria used for determining when processing
would be necessary for SNF currently in storage.
Commentors also criticized the method by which
DOE outlined the missions of the canyons, and
severa requested definite closure dates for the
canyons.

Response:  The canyons a SRS cannot be shut
down immediately because DOE is utilizing these
facilities to stabilize nuclear materials. In this
EIS, DOE proposes to use the canyons to process
a relatively small amount (about 3 percent by
volume or 40% by weight) of the SNF under
consideration to eliminate the potentia for certain
health and safety problems. The basis for se-
lecting the SNF proposed for processing is dis-
cussed in Section 2.4.3.2 of the Final EIS. DOE
estimates the processing time would be less than
6 months in F Canyon and about 1year in H
Canyon. The proposed processing operations are
within the current canyon schedule planning ba-
sis. In other words, the proposed SNF process-
ing activities would not extend the planned
canyon operations. However, establishing clo-
sure dates for the SRS canyons is beyond the
scope of thisEIS.
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Alter natives

Comments were received regarding alternatives
to conventional processing of SNF. The com-
ments ranged from support for aternatives to
conventional processing to questions regarding
the details of dternatives and their impacts.
Commentors also questioned DOE's ability to
develop a new technology to treat SNF in a
timely manner.

Response: DOE evaluated a variety of technolo-
gies for managing aluminum-based SNF at the
SRS. DOE considers that the range of technolo-
gies included in the EIS to be an appropriate re-
flection of the technologies available. DOE also
considers the range of dternatives evaluated in
the EIS to represent a reasonable set of the tech-
nology combinations that could have been evalu-
ated. Public comments did not reveal an SNF
management technology that DOE has not con-
sidered. The DOE has completed considerable
research and development work for the proposed
SNF dternative treatment technology (i.e., Melt
and Dilute). DOE is committed to developing
and demonstrating that technology for aluminum-
based SNF as quickly as possible.

Waste Form

Comments were received relating to the accept-
ability in any geologic repository of the SNF
waste form that would be produced using a new
(aternative) SNF treatment technology. The
principal concern was that waste acceptance cri-
teria for a geologic repository have not been es-
tablished. In this regard, the concern was that
aternative technologies for the disposition of
SNF may produce a product that will not meet
the final repository criteria

Response: Waste acceptance criteria describe the
physical, chemical, and thermal characteristics to
which SNF and associated canisters must con-
form for emplacement in a geologic repository.
DOE has assessed the waste forms the primary
new SNF treatment technologies (Melt and Di-
lute, and Direct Disposal/Direct Co-Disposal)
would generate against potential repository pre-

liminary waste acceptance criteria.  DOE con-
cluded that waste forms from both technologies
would meet the preliminary criteriaa  Sec-
tion 2.2.1 of the Final EIS has been revised to
discussthe issue in greater detail.

Impacts

Comments were received related to the calcula-
tion of impacts from the proposed actions. These
comments ranged from expressions that specific
impacts were negligible to comments that the
impacts from past Site activities had been under-
estimated.

Response: The impact estimates in the Fina EIS
are based on data from Site operations or oper-
ating experience and the judgement of expert
analysts. DOE believes that the analyses pre-
sented in the EIS are adequate for comparing
SNF management alternatives.

Opennesyl ndependent Review

Comments were received regarding independent
reviews of the SNF treatment technologies and
how they would be used in the decisionmaking
process. The comments called for increased
public involvement. Some comments aso called
for DOE to share technology development data,
particularly regarding the requirements and per-
formance of the off-gas system.

Response:  DOE believes that the EIS process
provides adequate opportunities for public invol-
vment. For example, DOE has invited public
comment and input for this process during scop-
ing meetings and during the public comment pe-
riod for the Draft EIS. Information regarding
technology development that is referenced in the
Final EISis available at the DOE Public Reading
Room, University of South Carolina at Aiken,
Gregg-Graniteville Library, University Parkway,
Aiken, South Carolina and at the DOE Freedom
of Information Reading Room (Room 1E-190),
Forrestal Building, 1000 Independence Ave,
Washington, D.C. Additionally, information re-
garding the development of the new SNF treat-
ment technologies, including the off-gas system
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that would be used to collect fission products that
could evolve during operation of the Melt and
Dilute process, may be requested from Randall
Ponik, U.S. Department of Energy, P.O. Box A,
Aiken, South Carolina 29802, (803) 557-3263 or
via E-mail at randall.ponik@SRS.gov. DOE has
also solicited comments on the Melt and Dilute
process from outside the Department. Contrib-
uting ingtitutions include the University of South
Caroling, the U.S. Nuclear Regulatory Commis-
sion (NRC), and the National Academy of Sci-
ences. Their reports are publicly available,
including in the DOE reading rooms, or upon
request.

Cost

Comments were received regarding the potential
costs of SNF treatment alternatives. These
comments primarily questioned whether al costs
and credits had been considered. This included
the credits for the separation and sale of usable
enriched uranium to the commercia nuclear
power industry. Comments also were made re-
garding the adequacy of funding for the imple-
mentation of SNF trestment alternatives.

Response: DOE prepared a report on costs asso-
ciated with aluminum-based SNF trestment tech-
nologies. DOE considered all appropriate factors
to prepare the report. A discussion of uranium
credits (i.e., cost recovery based on the sale of
low-enriched uranium to the private sector) was
included in the cost analysis. The results of the
cost report are discussed in Section 2.6.5 of the
EIS. DOE obtained an independent review of the
cost report; the recommendations from the inde-
pendent review were factored into the report.

A timdine has been established for the develop-
ment, design and implementation of the melt and
dilute facility. This timeline will be controlled
through DOFE’ s line item budget and procurement
process pending completion of this NEPA proc-
ess. The design and construction of a full-scale
facility would need to be developed in the context
of constrained, out-year budget targets, and
funding for such a facility would need to be bal-
anced against other priorities at SRS. DOE has

developed a schedule that can be used as a base-
line for near-term planning and budgeting pur-
poses. The FY 2000 budget has been established
and includes funding for design completion of the
L-Area Experimental Facility (LEF). The LEF
is a pilot test facility which will demonstrate the
feasibility of the melt and dilute technology. LEF
is scheduled to be constructed and placed online
by the end of FY 2002.

References

Comments were received related to the references
used in the preparation of the EIS. The com-
ments generally suggested dternate sources of
information for the EIS and suggested that both
foreign and domestic SNF handling experience be
included in the discussion.

Response:  DOE considered these suggestions.
Based on the reports cited by the commentors,
DOE believes accurate and current information
was used to prepare the Final EIS. The informa-
tion is based on actual Site operations (e.g., han-
dling foreign and domestic SNF) and conditions
or on estimates of operationa activities and con-
ditions that would exist for new facilities. As a
result, DOE believes that data and references
used in preparing the EIS provide an adequate
basis for estimating impacts and for comparing
technologies and alternatives. Current regulatory
requirements and information have been cited as
applicable.

Nonproliferation

Comments were received regarding nonprolifera-
tion issues as they relate to the treatment and dis-
position of SNF. A number of commentors felt
that nonproliferation was being overemphasized
in relation to its importance. However, one
commentor doubted the independence of DOE in
the preparation of the nonproliferation study, and
another commentor stated that DOE should take
a worldwide leadership role in nonproliferation
by treating SNF without separating potential
weapons materials.
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Response:  DOE believes nonproliferation to be
one of the factors that must be considered during
the decision-making process. DOE conducted a
nonproliferation study for SNF treatment tech-
nologies in conjunction with the preparation of
the Draft EIS. The study concluded that all
technologies considered in the Draft EIS were
compatible with the nonproliferation goals of the
United States but that separations technologies,
such as Conventiona Processing, had distinct
disadvantages because fissile material would be
separated. The study was reviewed by experts
independent of DOE: Matthew Bunn, Belfor
Center for Science and International Affairs,
Harvard University; Frank von Hipple, Woodrow
Wilson School of Public and International Af-
fairs, Princeton University; George Bunn, Center
for International Security and Cooperation, In-
stitute for Internationa Studies, Stanford Univer-
sity; Harold Bengel sdorf, Bengel sdorf,
McGoldrick and Associates, LLC; and David
Albright, Ingtitute for Science and International
Security. No problems were identified with the
conclusions presented in the report.

M ethodology

Comments were received related to the method-
ologies used in the preparation of the EIS. These
included both positive and negative comments on
health issues and environmental justice. One of
the commenters asked what environmental impact
would result from the release of cesum into the
amosphere in the event that the filtration system
does not capture all the cesum. Another com-
menter stated that DOE had minimized impacts
in the Cumulative Impacts Chapter and only used
a limited amount of available information re-
garding actual operating experience. The Envi-
ronmental Protection Agency (EPA) commended
DOE on its method of segregating spent fuel by
type and then applying the appropriate treatment
methodology as the best way to proceed.

Response: Impactsin the EIS are estimated from
the best available information, including opera-
tiona data whenever possible. When operations
data do not exist, SRS relies on experience and

information from similar facilities and the best
judgement of technical experts.

Pur pose and Need

Comments were received related to the Stated
purpose and need for agency action. The com-
ments generally focused on long-term solutions to
the problems SNF poses and noted that other
nuclear materials that could be processed in SRS
facilities should also be addressed.

Response:  DOE proposes to manage SNF in
such a way as to prepare aluminum-based SNF
to meet the requirements for disposal in a geo-
logic repository, and will make the SNF ready for
offste shipment. DOE is separately evaluating
potential geologic disposal of high-level waste
and spent nuclear fuel in the EIS for a Geologic
Repository for the Disposal of Spent Nuclear
Fuel and High-Level Radioactive Waste at Y ucca
Mountain, Nye County, Nevada as discussed in
Section 1.6 of the SNF Management EIS. DOE
has addressed other nuclear materials that could
be managed at the SRS as part of the cumulative
impacts discussion in Chapter 5 of thisEIS. The
inventory of material was based on recent studies
completed by DOE (see Chapter 5).

Safety

Comments were received related to general safety
issues of the proposed actions. Most comments
were related to concerns on whether or not facili-
ties would be constructed and operated using
stringent safety standards.

Response:  DOE is committed to the protection
of workers, the public, and the environment. All
operations and facilities at SRS meet or exceed
al applicable health protection and safety re-
quirements. SNF treatment facilities and opera-
tions will meet or exceed al applicable
requirements.
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Failure of Stored SNF Before Treatment

Comments were received regarding the possibil-
ity that stored SNF could fail before proposed
treatment facilities are available. The comments
requested impact estimates for these potential
failures.

Response:  The preferred alternative in the Final
EIS includes a discusson of the action that
would be taken (processing in SRS canyons)
should SNF fail while in storage pending imple-
mentation of a new treatment technology. Sec-
tion 1.5 of the Final EIS includes a qualitative
discussion of the types of health and safety issues
(e.g., uncontrolled release of fission products into
storage basin water) that would be created by the
fallure of the SNF that DOE believes presents
certain vulnerabilities for continued storage.

In addition, a number of other comments were
received that offered editorial suggestions, could
not be easily categorized, or were deemed to be
out of scope of this EIS. Comments received and
DOE's responses to al comments are presented
in Appendix G of the EIS.

After consideration of public comments, DOE
prepared a Final EIS. Decisions on the manage-
ment of SNF at SRS will be presented in a Rec-
ord of Decision issued at least 30 days after the
Notice of Availability of the Final EIS is pub-
lished in the Federal Register. The Record of
decision will be published in the Federal Regis-
ter.

S.2 Background
S.2.1 HISTORIC MISSIONS

The U.S. Atomic Energy Commission, a DOE
predecessor agency, established the SRS in the
early 1950s for the production of specia radio-
active isotopes to support national programs.
Historically, the primary Site mission was the
production of strategic isotopes (plutonium-239
and tritium) for use in the development and pro-
duction of nuclear weapons. The SRS produced
other isotopes (e.g., californium-252, plutonium-

238, americium-241) to support research in nu-
clear medicine, space exploration, and commer-
cia applications. DOE produced these isotopes
in the five SRS production reactors. After the
material was produced at the SRS, it was shipped
to other DOE sites for fabrication into desired
forms.

S.2.2 FUEL CYCLE

The material in the SRS reactors consisted of
nuclear fuel and targets. The nuclear fuel was
enriched uranium that was alloyed with aumi-
num and then clad with duminum. The targets
were either oxides or metallic forms of various
isotopes such as neptunium-237 or uranium-238
that were clad with duminum. Fued and targets
were fabricated at the SRS and placed in the re-
actors, and then the reactors operated to create
the neutrons necessary to transmute the target
material. After irradiation, the fuel and targets
(collectively referred to as spent nuclear fuel)
were removed from the reactors and placed in
water-filled basins for short-term storage, about
12 to 18 months, before they were reprocessed in
the SRS separations facilities.

During processing, SNF was chemicaly dis-
solved in F or H Canyon to recover the uranium
or transuranic isotopes for future use. The re-
maining residue from the fuel, high-level radio-
active waste consisting primarily of fisson
products and cladding in liquid form, was trans-
ferred to large stedl tanks for storage. The high-
level waste is currently being vitrified in the De-
fense Waste Processing Facility at the SRS to
prepare it for placement in any potential geologic
repository.

S.2.3 CHANGING MISSIONS

In 1992, the Secretary of Energy directed that
processing operations to produce strategic nu-
clear materials be phased out throughout the
DOE complex. However, SNF and targets from
previous production reactor irradiation cycles
remained in storage at SRS spent nuclear fuel
storage facilities.
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In addition to nuclear material production mis-
sions, another mission for the SRS was (and
continues to be) the receipt of SNF from DOE,
domestic, and foreign research reactors. Histori-

pending decisons on fina disposition). That
20 MTHM of aluminum-based SNF is included
inthisEIS.

cally, SNF from these reactors was stored in thec ‘EC Sl2.5 SPENT NUCLEAR FUEL

Receiving Basin for Offsite Fuel at SRS. In
the past, much of the research reactor SNF was
reprocessed in the same manner as spent fuel
from SRS production reactors. However, with
the end of the Site's strategic nuclear materials
production mission, SNF from research reactors
has been accumulating in the Receiving Basin for
Offgite Fuel and in the L-Reactor Disassembly
Basin.

Some of the research reactor spent nuclear fuel
sent to SRS was not aluminum based. Because
DOE did not have the capability to reprocess that
type of SNF at SRS, it was placed in wet storage
a the Receiving Basin for Offsite Fuel, where it
remainsin storage.

By 1995 DOE was storing about 195 metric tons
heavy metal (MTHM [metric tons heavy metal] —
the mass of uranium in the fuel or targets, ex-
cluding cladding, alloy materials, and structural
materials) — of aluminum-based SNF in the SRS
reactor disassembly basins and the Receiving
Basin for Offsite Fuel. DOE also was storing
about 20 MTHM of non-aluminum-based SNF in
the Receiving Basin for Offsite Fuel.

S.24 STABILIZATION

DOE has taken action to stabilize about
175 MTHM of the 195 MTHM of auminum-
based SNF that was in storage at SRS in 1995.
DOE decided to stabilize this materia following
completion of the Interim Management of Nu-
clear Materials Environmental Impact State-
ment (DOE/EIS-0220). The primary purpose of
the actions described in that EIS was to correct
or eliminate potential health and safety vulner-
abilities related to some of the methods used to
store nuclear materials (including SNF) at SRS.
In that EIS, DOE identified the remaining 20
MTHM (out of 195 MTHM) of aluminum-based
SNF a SRS as “stable” (i.e, the SNF likely
could be safely stored for about 10 more years,

CONSOLIDATION

In May 1995, DOE decided (60 FR 28680) un-
der the Department of Energy Programmatic
Soent Nuclear Fuel Management and Idaho Na-
tional Engineering Laboratory Environmental
Restoration and Waste Management Programs
Final Environmental Impact Statement to con-
solidate existing and newly generated SNF at
three existing Departmental sites (including SRS)
based on fud type, pending future decisions on
ultimate disposition. DOE designated the SRS as
the gste that would manage auminum-based
SNF. Asaresult, DOE will transfer 20 MTHM
of non-aluminum-based SNF from the SRS to the
Idaho National Engineering and Environmental
Laboratory (INEEL) and DOE will transfer
about 5 MTHM of aluminum-based SNF at the
INEEL to the SRS. Additionally, the SRS could
receive about 5 MTHM of aluminum-based SNF
from domestic research reactors through 2035.

In May 1996, DOE announced a decision (61 FR
25092) under the Final Environmental Impact
Satement on a Proposed Nuclear Weapons
Nonproliferation Policy Concerning Foreign
Research Reactor Spent Nuclear Fuel (Nonpro-
liferation Policy and Spent Fuel EIS) to accept
about 18 MTHM of auminum-based SNF con-
taining uranium of United States origin from for-
eign research reactors for management in the
United States at the SRS. The receipt of foreign
research reactor SNF at SRS is now underway
and receipts are scheduled to be completed by
2009. The 18 MTHM of foreign research reactor
SNF that could be received at SRS is included in
the scope of thisEIS. (Recent decisions by some
foreign research reactor operators have reduced
the quantity of SNF expected to be shipped to
SRS from about 18 MTHM to about 14 MTHM;
however, the 18 MTHM projection is used for
analysis purposes in this EIS because foreign
research reactor operators still have the option to
ship to the United States.) Table S-1 summarizes
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the amount of SNF to be managed at SRS that is
considered in this EIS.

S.3 Purpose and Need for Action

DOE anticipates disposing of most of its alumi-
num-based SNF inventory in a geologic reposi-
tory after treatment or repackaging. However,
DOE does not expect a geologic repository to be

Table S-1. Quantity of SNF discussed in this
EIS.

Aluminum-based SNF 20 MTHM

stored at SRS

Domestic and DOE alumi-
num-based research reactor
SNF to be received at SRS

Foreign Research Reactor
aluminum-based SNF to be
received at SRS

Non-aluminum-based SNF

at SRS (to be shipped to
INEEL)

10 MTHM

18 MTHM

20 MTHM

available until at least 2010 and shipments from
DOE sites might not begin until about 2015.
Until a repository is available, the Department
needs to develop and implement a safe and effi-
cient SNF management strategy that includes
preparing aluminum-based SNF stored at SRS or
expected to be shipped to SRS for disposition
offste. DOE is committed to avoiding indefinite
storage at the SRS of this nuclear fuel in aform
that is unsuitable for fina disposition. There-
fore, DOE needs to identify management tech-
nologies and facilities for storing and treating this
SNF in preparation for final disposition.

S.4 Scope

In this EIS, DOE is evauating the treatment and
storage of about 48 MTHM of aluminum-based
SNF including impacts from the construction and
operation of facilities (either new or modified
existing facilities) that would be used to receive,
store, treat, and package SNF in preparation for
ultimate disposition. Onsite transportation im-
pacts are considered; however, no impacts asso-

TC GO

ciated with transporting SNF to SRS are
included, because these impacts have been cov-
ered in other EISs. The potentia impacts of
transporting SNF to a geologic repository are

TC discussed for completeness but no decisions re-
EC lated to transporting SNF offsite will be made

under this EIS. Transportation of SNF to a fed-
era repository will be addressed in the EIS for a
logic Repository for the Disposal of Spent
Nuclear Fuel and High-Level Radioactive Waste
a Yucca Mountain, Nye County, Nevada (No-
tice of Availability of the Draft EIS published in
64 FR 44200, August 13 1999). The Yucca
Mountain EIS is being prepared as part of the
process to determine if the Yucca Mountain site
is suitable as the site of the Nation's first geo-
logic repository for SNF and high-level radioac-
tive waste.

DOE aso evauates transferring 20 MTHM  of
non-aluminum-clad spent nuclear fuel currently
stored in the Receiving Basin for Offsite Fuel at
SRS to a new dry storage facility at SRS. This
transfer would occur only if adry storage facility
were built as part of the implementation of a
treatment technology to prepare aluminum-based
spent nuclear fuel for disposition and if the dry
storage facility became operationa before the
non-aluminum-clad fuel was transferred to the
Idaho National Engineering and Environmental
Laboratory. The transfer to dry storage would
occur after the fuel had been relocated from the
Receiving Basin for Offsite Fuel to the L-Reactor
Disassembly Basin in support of activities neces-
sary to phase out the use of the Receiving Basin
for Offsite Fuel by fisca year 2007.

This EIS does not evaluate the impacts of man-
aging the non-aluminum-clad fuel at INEEL or of
transporting the fuel to INEEL. These impacts
were documented in the SNF management pro-
grammatic EIS (PEIS) and were evaluated as
part of the process DOE used to decide to con-
solidate the storage of non aluminum-clad spent
nuclear fuel at the INEEL.

SRS is storing Mark-51 and other targets in the
Receiving Basin for Offsite Fuel (RBOF) in the
Site's H-Area. This EIS evaluates the impacts of
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continuing to store the Mark-51 and other targets
in RBOF, and evaluates an aternative of trans-
ferring them to dry storage to provide flexibility
in material management operations.

DOE is evaluating potentia uses for this materia
and the operations and facilities that would be
necessary. The Mark-51 and other targets (de-
scribed in Section 1.5 of this EIS) contain ameri-
cium and curium isotopes that could be used to
produce elements with higher atomic numbers
such as californium-252. Cdifornium-252 is
used as a neutron source for radiography and in
the treatment of certain types of cancer and for
research in basic chemistry, nuclear physics, and
solid-state chemistry. If DOE were to determine
that a programmatic need for this material exists,
the targets would continue to be stored at the
SRS pending preparations to ship them to an-
other DOE facility where isotope production ca-
pability currently exists or could be constructed.
SRS does not have isotope production capability.

This EIS does not evaluate the impacts of utiliz-
ing target material for programmatic purposes
such as production of californium. DOE would
perform the appropriate National Environmental
Policy Act review to evaluate the impacts of
shipment of the targets to an isotope production
facility and of construction (or modification) and
operation of the production facility, should such
such a programmatic purpose be identified.

DOE is storing the Mark-18 targets in wet basins
at the SRS. These targets are similar to the
Mark-51 and other targets in that they contain
americium and curium that could be used to pro-
duce eements with higher atomic numbers such
as californium-252. They are different from the
small (about two feet in length) Mark-51 and
other targets because the Mark 18s are about 12
feet long and therefore have different require-
ments for storage, transportation and use. Asis
the case with the Mark-51 and other targets,
DOE is not proposing any actions that would
lead to programmatic use of the Mark-18 targets
a this time. Because of their length, the Mark-
18 targets would have to be reduced in size for

use in production facilities at another DOE facil-
ity or transfer to
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dry storage at the SRS. This EIS considers only
continued wet storage of Mark-18 targets. How-
ever, the Interim Management of Nuclear Mate-
rils EIS (which is incorporated herein by
reference) considered the dternative of process-
ing the Mark-18 targets in the SRS canyons,
should they present potential health and safety
vulnerabilities. See Section 1.5 of this EIS for
more information.

S.5 Decisions to be Based on this
EIS

DOE expects to make the following decisions on
the management and preparation of SNF for
storage and ultimate disposition.

The appropriate treatment or packaging
technologies to prepare aluminum-based
SNF that is to be managed at SRS.

Whether DOE should construct new facilities
or use exigting facilities to store and treat or
package aluminum-based SNF that is ex-
pected to be managed at SRS.

Whether DOE should repackage and
dry-store stainless-sted and zirconium-clad
SNF pending shipment to the Idaho National
Engineering and Environmenta Laboratory,

Whether DOE should repackage and dry-
store Mark-51s and other americium/curium
targets in the event dry storage capability be-
comes available at SRS.

S.6 Proposed Action

DOE's proposed action is to safely manage SNF
that is currently located or expected to be re-
ceived at SRS, including treating or packaging
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aluminum-based fuel for possible offsite ship-
ment and disposal in a geologic repository, and
preparing non-aluminum-clad fuel and program-
matic material (i.e., materia that could be used in
national programs) for dry storage or off-site
shipment.

In the Record of Decision for the Final Environ-
mental Impact Statement on a Proposed Nuclear
Weapons Nonproliferation Policy Concerning
Foreign Research Reactor Spent Nuclear Fuel
(61 FR 25092, May 17, 1996), DOE stated the
Department would embark on an accelerated
program at SRS to identify, develop, and demon-
strate one or more non-processing, cost-effective
treatment or packaging technologies to prepare
aluminum-based foreign research reactor spent
nuclear fuel for ultimate disposition.

Based on that decision, DOE’s strategy is to se-
lect a new non-chemical processing technology or
a new packaging technology that would put au-
minum-based foreign research reactor SNF into a
form or container suitable for direct placement in
a geologic repository. Treatment or conditioning
of the fuel would ad-dress potential repository
acceptance criteria or safety concerns. Imple-
menting the new non-chemical processing treat-
ment or packaging technology would allow DOE
to manage the SNF in a road-ready condition at
SRS in dry storage pending shipment to a geo-
logic repository.

Because of the similarity of the material, DOE
proposes to manage the other auminum-aloy
SNF that is the subject of this EIS (domestic re-
search reactor and DOE reactor fuels) in the
same manner as the foreign research reactor
fuels.

In the Record of Decision for the Final Environ-
mental Impact Statement on a Proposed Nuclear
Weapons Nonproliferation Policy Concerning
Foreign Research Reactor Spent Nuclear Fuel,
DOE dtated that, should it become apparent by
the year 2000 that DOE will not be ready to im-
plement a new SNF treatment technology, DOE
would consider chemically processing foreign
research reactor SNF in F Canyon. DOE com-

mitted that any decison to use conventional
chemical processing would consider the results of
a study (62 FR 20001, December, 1998) on the
nonproliferation, cost, and timing issues associ-
ated with chemically processing the fuel. DOE
stated that any highly enriched uranium separated
during chemical processng would be blended
down to low enriched uranium.

With the limited proposed processing, as dis-
cussed below, and the current nuclear material
stabilization program at SRS, DOE expects the
canyons will be utilized to their fullest extent
over the next several years. DOE has greater
confidence now in the feasibility and availability
of new non-chemical processing technologies
than at the time the Nonproliferation Policy and
Spent Nuclear Fuel EIS's Record of Decision
was issued. Therefore, except in the case of po-
tential health and safety vulnerabilities as dis-
cussed below, the use of the canyons for
processing research reactor fuel as a backup for
new technology would not be as likely.

DOE has included chemical processing as a
management dternative in this EIS. However,
DOFE's strategy and preference is to use non-
chemical separations processes. DOE proposes
to use chemical separation processes when a po-
tential health or safety vulnerability exists for
aluminum-based SNF that DOE considers should
be alleviated before a non-chemical separations
processisin operation.

The limited proposed canyon SNF processing is
not expected to extend the operating schedules
for these facilities beyond the current planning
basis. Processing would eliminate potential
health and safety problems that could occur prior
to the availability of a new SNF treatment tech-
nology. In the event the new treatment process
becomes available, the SNF with potential health
and safety vulnerabilities could be processed us-
ing the new treatment technology.

DOE may decide, in the future, that the Higher
Actinide Targets have no programmatic use.
Therefore, DOE proposes to maintain the Mark-
18's, Mark-51's, and other Higher Actinide Tar-
gets pending decisions on final disposition.
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S.7 Categories of Spent Nuclear
Fuel

DOE has categorized SNF a SRS into six
groups (A through F), based on such character-
istics as fud size, physical or chemical proper-
ties, or radionuclide inventories. Table S-2 lists
the amounts of each fuel type SRS expects to
manage.

The auminum-based fuels currently stored at
SRS include some fuels that were not originally
aluminum-clad (EBR-11 and Sodium Breeder Ex-
perimental Reactor Fuel). Additionally, the alu-
minum-based category consists of one element
not yet received but due to be shipped to SRS
(the Advanced Reactivity Measurement Facility

Table S-2. Spent nuclear fuel groups.

Core Filter Block). Most of the fuels that were
not originally aluminum-clad (but are included
under this EIS's major category of aluminum-
based fuel) have been declad and placed in alu-
minum cans. In their present form they can be
processed at the SRS through the existing tech-
nologies on site. Other fuels at SRS which are
non-aluminum-clad fuels cannot be processed in
their existing form using the existing technologies
and are categorized in this EIS as non-aluminum-
based fuel. The Core Filter Block is included
under the category of aluminum-based fuel since
the most practical way of dealing with it (based
on its unigue configuration) is to process it util-
izing the existing technology at SRS.

Volume Mass
Fuel group (MTRE)? (MTHM)?
A. Uranium and Thorium Metal Fuels 610 19
B. Material Test Reactor-Like Fuels 30,800 20
C. HEU/LEU®Oxides and Silicides Requiring Resizing or Spe- 470° 8
cia Packaging
D. Loose Uranium Oxidein Cans NA 0.7
E. Higher Actinide Targets NA <0.1
F. Non-Aluminum-Clad Fuels® 1,900 20.4
Total 33,780 68.2

a. MTRE = Materials test reactor equivalent. An MTRE is aqualitative estimate of SNF volume that provides information
on the amount of space needed for storage. An MTRE of Materials Test Reactor-Like Fuels would usually be one fuel as-

sembly measuring about 3 inches by 3 inches by 2 feet long.

MTHM = Metric tons of heavy metal.

PaooT

SRS.

HEU = highly enriched uranium; LEU = low enriched uranium.
Fuel group also includes about 2,800 pins, pin bundles, and pin assemblies.
This fuel group will be shipped to Idaho National Engineering and Environmental Laboratory. It will not be treated at

Categorization of SNF at the
Savannah River Site
Group A: Uranium and Thorium Metal Fuels
Group B: Materials Test Reactor-Like Fuels
Group C: HEU/LEU Oxides and Silicides Re-
quiring Resizing or Special Packag-
ing
Group D: Loose Uranium Oxidein Cans
Group E: Higher Actinide Targets
Group F:  Non-Aluminum-Clad Fuels

Uranium and Thorium Metal Fuels (Group A)

This group consists of fuels from the Experi-
mental Breeder Reactor-1l and the Sodium Re-
actor Experiment, as well as a core filter block
from the Advanced Reactivity Measurement Fa-
cility at INEEL (that is scheduled to be trans-
fered to SRS). This group aso includes
unirradiated Mark-42 targets that were manu-
factured from plutonium oxide-aluminum powder
metal and formed into tubes that were clad with
aluminum.
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The Experimental Breeder Reactor-11 fuel and
Sodium Reactor Experiment fuel are uranium
metal that has been declad and wet-stored in
canisters in the Receiving Basin for Offsite Fuel
at SRS. The declad fuel presents a potentia
health and safety vulnerability. These fuels have
cores of reactive metals that were exposed when
the fuel cladding was removed. Any contact of
the reactive metal core with water would lead to
relatively rapid oxidation of the core and disinte-
gration of the fuel, resulting in the release of fis-
sion products and particulate fuel material to the
water of the storage basin at SRS.

The unirradiated Mark-42 targets were manu-
factured from plutonium oxide-aluminum powder
metal and formed into tubes that were clad with
aluminum. The plutonium oxide and auminum
were pressed together in the manufacturing proc-
ess. As aresult, the unirradiated targets could be
less durable than uranium-aluminum aloy SNF
because of the particulate nature of the plutonium
oxide, but more durable (i.e., less reactive) than
uranium metal SNF since the plutonium is al-
ready in oxide form. The potentia for dispersion
of materia into storage basin water in the event
of cladding failure could present a hedth and
safety vulnerability.

The core filter block at INEEL is made of de-
pleted uranium and corrosion resistant metal (i.e.,
stainless steel), and was used as a neutron “filter”
for reactivity experiments. As a result, the filter
was subject to relatively short (or low-power
level) exposure times in the test reactor and is
only dightly irradiated.

Material in this fuel group in its current form
may not be acceptable for disposal in a reposi-
tory due to the reactive nature of uranium meta
or the particulate nature of some of the material.

This group accounts for approximately 2 percent
of the volume of aluminum-based fuel that DOE
is likely to manage at SRS from now until 2035.
Because the fuel in Group A is made of unal-
loyed metal (i.e, it contains little or no alumi-
num), it is more dense than most of the other
spent fuel considered in this EIS. As a result,

this small volume of fuel contains about 40 per-
cent of the mass of heavy metal.

Materials Test Reactor-Like Fuels (Group B)

This group consists primarily of Materials Test
Reactor fuels and other fuels of similar size and
composition. Most research reactors — foreign
and domestic — use Materials Test Reactor fuel.
These fuels vary in uranium-235 content from
just below 20 percent to about 93 percent. Ap-
proximately 70 percent of the Group B assem-
blies are highly enriched uranium (>20 percent
uranium-235), and the remainder are low en-
riched uranium (<20 percent uranium-235).
Group B accounts for approximately 97 percent
of the volume of auminum-based SNF that DOE
will manage a SRS between now and 2035.
DOE considers that there are no currently known
health and safety vulnerabilities for this material
that would preclude wet storage pending the op-
eration of a new treatment technology.

Although some Group B fuels are stored at SRS
in the Receiving Basin for Offsite Fuel or in
L Reactor Disassembly Basin, at present most
are at domestic universities, foreign research re-
actors, and DOE research facilities pending
shipment to the Site.

HEU/L EU Oxides and Silicides Requiring Re-
sizing or Special Packaging (Group C)

Fuels in this group are similar in composition to
Group B fuels in that they are aluminum-based,
highly enriched uranium and low enriched ura-
nium oxides and silicides, but their size or shape
might preclude packaging them in the disposal
canisters proposed for use in arepository without
resizing or specia packaging considerations.
Some fuel in this group is smaller in diameter and
longer than Group B fuels or is larger than
Group B fuels in both diameter and length; it of-
ten comes in odd shapes such as a 1.5-foot by 3-
foot (0.46-meter by 0.9-meter) cylinder or a
sphere with a diameter of 29 inches (74 centime-
ters). DOE would have to disassemble or use
other volume-reduction activities to place such
fuels in a nomina 17-inch direct co-disposa
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canister. At present, much of this fuel is at other
DOE sites and in other countries but is scheduled
to berecelved at SRS.

A small amount of this fuel (currently stored in
14 cans) presents a potential health and safety
vulnerability. The fuel was cut apart for re-
search purposes and could release fission prod-
ucts and particulate materia to the water of the
wet storage basin at SRS should the storage cans
leak. Additionaly, fuel in this condition may not
be acceptable in a geologic repository because
the fuel is no longer intact.

Together Group B and Group C fuels represent
about 97 percent of the volume of al fuel to be
treated at SRS.

L oose Uranium Oxidein Cans (Group D):

This group consists of loose uranium oxide with
fission products distributed throughout the mate-
rid. The only material in this fuel group cur-
rently stored at the SRS is 676 cans of Sterling
Forest Oxide. The majority of the materia (es-
timated at over 6,000 cans) has not yet been pro-
duced at foreign research reactors. Research
reactors in Canada would be the greatest single
source for future material and these reactor op-
erators are among those that, as discussed in
Section S.2.4, may not participate in the foreign
research reactor SNF return program. DOE ex-
pects that the materia in this fuel group would
not be acceptable for placement in a geologic
repository because it is not in a tightly bound
metal or ceramic matrix (i.e, it is a powder).
Additionally, the Sterling Forest Oxide fuel pres-
ents a potential health and safety vulnerability
due to the dispersible nature of the materia
should a storage can fail.

Higher Actinide Targets (Group E)

This group contains irradiated and unirradiated
target materials used to generate radionuclides
with atomic numbers higher than that of uranium.
The targets were aluminum-clad plutonium oxide
that now contain significant quantities of ameri-
cium and curium, which react under neutron ir-

radiation to produce elements with till higher
atomic numbers such as californium. All materi-
alsinthisgroup are stored in the Recelving Basin
for Offsite Fuel. Group E accounts for less than
1 percent of the volume of aluminum-based SNF
DOE will manage at SRS.

The Higher Actinide Target fuel group consists
of 60 Mark-51 targets, 114 other targets, and 65
Mark-18 targets. This material was evaluated in
the Final Environmental Impact Statement for
Interim Management of Nuclear Materials
(DOE/EIS-0220). Under the Record of Decision
for the Final Environmental Impact Statement for
Interim Management of Nuclear Materids (FR
65300, 12/19/95), DOE decided that the targets
should remain in wet storage.

In this EIS, DOE evaluates the continued wet
storage of the Mark-51 and other targets pending
shipment offsite, or dternatively repackaging the
Mark-51 and other targets to place them in a new
dry storage facility so that the material could be
transferred to dry storage if necessary to provide
flexibility in spent fuel storage operations.

The Mark-18 targets are different from the
Mark-51 and other targets in several ways. The
most important distinction is that each Mark-18
target is one continuous piece about 12 feet long.
The Mark-51 and other targets are about 2 feet
long and could be handled, transported, and
stored (including in a dry storage facility) in their
current configuration. The 12-long Mark-18 tar-
gets would require size reduction for transportion
or storage in a dry storage facility. The standard
method to reduce the size of the Mark-18 targets
would be to cut them up under water in an SRS
wet storage basin. However, the condition of the
Mark-18 targets presents a health and safety vul-
nerability for under water cutting because of the
suspected brittle condition of the targets and the
uncertainty of the region of the target assemblies
that contains the target product (i.e., americium
and curium) and fisson products. The brittle
condition is due to avery long irradiation cyclein
areactor at SRS. Cutting the targets using the
existing Site capability could result in the uncon-
trolled release of radioactive materia to the water
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of the Receiving Basin for Offste Fuel. For
these reasons, a previous DOE assessment of this
material (see Section 1.6.2 of this EIS) concluded
that the Department should consider processing
the Mark-18 targets in F Canyon. These alter-
natives are not included in this EIS because DOE
performed that evaluation in the Final Environ-
mental Impact Statement for Interim Manage-
ment of Nuclear Materials, incorporated herein
by reference. Those dternatives included dis-
solving the targets in F Canyon and then vitrify-
ing the americium and curium in a new F-Canyon
vitrification facility, dissolving the targets in F
Canyon and recovering the americium and cu-
rium as an oxide, and dissolving the targets and
transferring the americium and curium to the
high-level waste tanks at the SRS.

Non-Aluminum-Clad Fuels (Group F):

This group consists of fuel that is clad in materi-
as other than auminum. It includes stainless-
steel and zirconium-clad fuel at SRS that DOE
plans to transport to the Idaho National Engi-
neering and Environmental Laboratory in accor-
dance with decisions based on the Programmatic
Soent Nuclear Fuel Management and Idaho Na-
tional Engineering Laboratory Environmental
Restoration and Waste Management Programs
Environmental Impact Satement (DOE/EIS-
0203).

S.8 Affected Environment

The SRS is in west-central South Carolina and
occupies an area of approximately 300 sguare
miles (approximately 800 square kilometers) ad-
jacent to the Savannah River, primarily in Aiken
and Barnwell Counties. The Site is approxi-
mately 25 miles (40 kilometers) southeast of
Augusta, Georgia, and 20 miles (32 kilometers)
south of Aiken, South Carolina. All dternatives
described in this EIS, including the possible con-
struction of new facilities to implement some of
the alternatives, would occur within existing in-
dustrial areas at SRS.

S.9 Technologies

S.9.1 NEW SNF MANAGEMENT
TECHNOLOGIES

DOE has identified six reasonable new technolo-
giesto be analyzed in this EIS that could be used
to prepare SNF at SRS for disposition. Most of
the New Packaging Technology options and the
New Processng Technology options are tech-
nologies that DOE has not previoudy applied to
the management of aluminum-based SNF for the
purpose of ultimate disposition. DOE assigned
the highest confidence of success and greatest
technical suitability to options that have rela-
tively simple approaches.

Technology Options for Management of SNF
at the Savannah River Site

New Packaging Technology
1. Direct Disposal/Direct Co-Disposa

2. Repackage and Prepare to Ship to
Other DOE Sites

New Processing Technology
1 Médtand Dilute
2. Mechanical Dilution
--  Pressand Dilute
--  Chop and Dilute
3. Vitrification
--  PlasmaArc Treatment

-- Glass Material Oxidation and
Dissolution System

-- Dissolve and Vitrify
4. Electrometallurgical Treatment
Conventional Processing Technology

S.9.1.1 New Packaging Technologies

Under the New Packaging Technology, two of
the options, Direct Disposa and Direct Co-
Disposal, are non-destructive methods to prepare
and package aluminum-based SNF for placement
in a geologic repository, while one technology
option, Repackage and Prepare to Ship to An-
other DOE Site, is pertinent only to non-
aluminum-clad SNF and higher actinide targets
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that are scheduled to be or could be shipped off-
site.

The Direct Disposal/Direct Co-Disposal process
is relatively smple because the fuel would re-
main intact but be repackaged in a way that
minimizes the possibility of criticality. Elaborate
treatment processes and equipment would not be
required. The dry storage method that would be
used to store the fuel after repackaging is com-
mon for commercial SNF and is adaptable for
aluminum-based SNF.

The Direct Disposal and Direct Co-Disposal
technology options are discussed together in this
EIS as Direct Disposal/Direct Co-Disposal. The
only difference between the technologies is the
diameter of the canister into which the SNF
would be loaded. The Direct Disposal options
would use a 24-inch diameter canister because
this is the same size as the high-level waste can-
isters currently being produced at the SRS De-
fense Waste Processing Facility. The Direct Co-
Disposal option would use a smaller diameter
canister (17 inches) that could be placed in the
void space at the center of high-level waste pack-
ages that will be assembled at the repository (i.e.,
a five-canister array of 24-inch diameter high-
level waste canisters with one 17-inch diameter
SNF canister placed in the center). In ether
case, the canisters would be stored at SRS and
shipped from SRS in the same manner. In this
EIS, Direct Disposal and Direct Co-Disposal are
treated as the same technology and the final deci-
sion on canister diameter would be made during
the engineering design phase of the project to
implement the technology.

S.9.1.2 New Processing Technologies

DOE has identified four technology options that
could treat auminum-based SNF. These are:
(1) Melt and Dilute, (2) Mechanical Dilution,
(3) Vitrification, and (4) Electrometalurgical
Treatment.

The Mélt and Dilute technology is more compli-
cated than Direct Disposal since it would destroy
the fuel elements, but it is one of the smplest of

the destructive treatments. Under this technol-
ogy, SNF would be melted along with other ma-
terials to ensure a low enriched uranium-
aluminum product. Most fission products would
remain trapped within the product matrix, al-
though some would be volatilized. The melt
product would be sealed in corrosion-resistant
canisters. DOE has substantial experience melt-
ing SNF on a small scale for research purposes
and has not identified any reasons why a full-
scale operation to melt aluminum-based SNF and
dilute the highly-enriched uranium would not be
achievable.

The Mechanica Dilution Technology would in-
volve either the Press and Dilute or the Chop and
Dilute options, which are similar. DOE has rep-
resented these two technologies for anaysis as
the Mechanical Dilution options.

In the Press and Dilute Technology, SNF would
be crushed between layers of depleted uranium to
produce a product with low overall enrichment.
The product would be mixed with a neutron poi-
son as necessary to prevent criticality. The final
product would be sealed in special canisters.

In the Chop and Dilute Technology, SNF would
be shredded and mixed with depleted uranium to
produce a low enriched product. Asin Press and
Dilute, a neutron poison could be added as
needed and the product sealed in specia canis-
ters.

Three SNF processing technologies, Plasma Arc
Treatment, Glass Material Oxidation and Disso-
lution System, and Dissolve and Vitrify options
all use processes that produce a product with
properties similar to that produced at the Defense
Waste Processing Fecility at SRS. Therefore,
DOE has represented these three as the Vitrifica-
tion option.

In the Plasma Arc Treatment Technology, SNF
would be melted by a high-temperature plasma
torch in a furnace. The melted SNF would be
mixed with a ceramic material to produce a
glass-ceramic product. Depleted uranium would
be included as necessary to reduce the enrichment
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of the fina product, which would be sealed in
specia canisters.

In the Glass Material Oxidation and Dissolution
Technology, the SNF would be converted directly
to borosilicate glass. Depleted uranium would be
included as necessary to reduce the enrichment of
the fina product, which would be sedled in spe-
cial canisters.

In the Dissolve and Vitrify Technology, SNF
would be dissolved as in conventional processing,
but the enriched uranium would not be extracted.
Instead, the dissolved solution would be vitrified.
Depleted uranium would be included as neces-
sary to reduce the enrichment of the final prod-
uct, which would be sealed in special canisters.
DOE expects that the resulting waste form would
be acceptable for disposal in a geologic reposi-
tory.

DOE prepared the current waste acceptance cri-
teria using information available to date. DOE
considers the criteria to be conservative. As re-
pository designs evolve and more information is
available on waste form performance under rele-
vant repository conditions, the acceptance criteria
will change. DOE currently is characterizing
conditions at the Y ucca Mountain site in Nevada
as a possible site for development of a geologic
repository. If a decison were made to develop
Yucca Mountain, DOE would submit a license
application to the U. S. Nuclear Regulatory
Commission (NRC). The acceptance criteria
developed at that time would be the basis for
waste acceptance specifications in the license
application. These specifications likely would be
available before the melt and dilute facility would
be operational and before the canyons cease op-
erating. Fina waste specifications will not be
available until after the NRC approves construc-
tion of a repository and authorizes a license for
DOE to receive and store SNF and high-level
radioactive waste, prior to the beginning of re-
pository operations.

Electrometallurgical Treatment is an electro-
refining process that would separate highly-
enriched uranium from the aluminum and fission

products in the SNF. In the Electrometalurgical
Treatment Technology, the SNF would be melted
into metal ingots. Processing of the ingots first
would remove the auminum from the material.
Further processing would remove the uranium
from the material. The remaining material would
be oxidized and dissolved in glass and then sealed
in specia canisters. This is a process that DOE
has been evaluating for the management of cer-
tain non-aluminum-based SNF at other DOE
Sites.

S.9.1.3 Technical Considerations in Sdlecting
a New Technology Option for SNF Processing

Part of DOE’s proposed action is to prepare SNF
to meet the requirements that the Department
anticipates will apply to materia to be disposed
of in a geologic repository. Any technology that
DOE implements must be able to provide a prod-
uct that is compatible with such criteria. DOE
must rely on reasonable assumptions about what
the acceptance criteria would include when mak-
ing decisons on SNF treatment technologies.
DOE anticipates that eventualy it will place its
aluminum-based SNF inventory in a geologic
repository after treatment or repackaging.

One of the technical risks in implementing any of
the new SNF technology options is the uncer-
tainty surrounding the acceptability of DOE SNF
for placement in a geologic repository. While
DOE has documented preliminary acceptance
criteria in the Waste Acceptance System Re
quirements Document (Rev. 3, 1999), the accep-
tance criteria will become more detailed. Fina
acceptance criteria will not be available until af-
ter DOE were to receive authorization from NRC
to receive and possess SNF and high-level waste,
based on criteria that meet NRC requirements.
DOE-SR is working closely with NRC (the Fed-
eral agency that would license the operation of a
geologic repository) to ensure that the final prod-
uct from the selected SNF trestment technology
would be acceptable at arepository.

Recognizing that repository disposal is the ulti-
mate endpoint for the melt and dilute waste form,
DOE-SR signed in August 1997 a Memorandum
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of Understanding with NRC for their review and
feedback on the research effort that DOE-SR is
conducting. DOE-SR has provided the NRC
with several technical reports on the results ob-
tained from the research effort. Based upon their
initial review, NRC stated in a June 1998 letter
that “both the direct co-disposal and melt-dilute
options would be acceptable concepts for the dis-
posa of aluminum-based research reactor SNF
in the repository.” Additionally, as research ef-
forts yield new findings, DOE is providing the
information to the NRC for their feedback and
review.

The EIS has been revised to discuss in grester
detail the expected repository acceptance criteria
and compare the treatment technology products
to these criteria. This information is discussed in
Section 2.2.1.

S92 EXISTING SNF MANAGEMENT
TECHNOLOGIES

The Conventional Processing technology is the
only existing SNF treatment technology available
at SRS.

With this technology, DOE would process SNF
in F or H Canyon directly from wet storage. The
process would chemicaly dissolve the fuel and
separate fission products from the uranium by
solvent extraction.  Conventional Processing
would apply to al SNF, except most of the tar-
gets in the Higher Actinide Targets fuel group
(specifically the Mark-51 and “other” targets)
and the non-aluminum-clad fuels. Non-
aluminum-clad targets would be shipped to
INEEL as aresult of previous decisions by DOE.

The Record of Decison for the Fina
Environmental Impact Statement on a Proposed
Nuclear Weapons Nonproliferation Policy
Concerning Foreign Research Reactor Spent Nu-
clear Fuel described the possible use of F Canyon
for SNF processing based on a preliminary con-
cept to consolidate all processing operations in
one canyon. Subsequent review has shown that
consolidating highly enriched uranium spent fuel
processing operations in F Canyon would not be

practical due to criticality considerations and
process capacity restrictions associated with the
pluto-nium-uranium extraction system used in F
Canyon. Thus, in this EIS, H Canyon is refer-
enced in regard to chemically separating highly
enriched uranium spent fuel.

S.10 Alternatives

Alternatives Considered

Minimum Impact Alternative
Direct Disposal Alternative
Preferred Alternative
Maximum Impact Alternative
No-Action Alternative

Because of the differences in the characteristics
of the SNF and the capahilities of the technolo-
gies, no single technology could be applied to all
the SNF. Table S-3 lists the technologies appro-
priate for each of the six fuel groups.

Because of the many possible combinations of
technologies and fuel groups (more than 700),
DOE has chosen to evaluate a limited number of
configurations (as aternatives). The dternatives
illustrate the range of impacts that could occur
from any configuration the decisionmakers might
select. Table S-4 and the following paragraphs
describe the five aternatives considered in this
EIS. See Section S.11 for a detailed description
of the preferred alternative.

Minimum Impact Alternative: This alterna-
tive combines the technologies appropriate
for each fuel group that DOE bdieves would
result in the lowest overall impact.

DOE recognizes that this aternative might
not result in the lowest impact for each im-
pact category (e.g., worker health and public
health could be lowest, but radioactive waste
generation could be higher) and that there are
other reasonable technology
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Table S-3. Fuel groups and analyzed technology options.

Conventional
Processing
New Packaging Technology New Processing Technology Technology
1. 2. 3. 4. 5. 6. 7.
Prepare for Repackage Electro- Conventional
Direct and Prepz;tre Melt and Mechanical Vitrification metallurgical Processing in
Fuel group Co-disposa to Ship Dilute Dilution Technologies Treatment Canyons
A. Uranium and Thorium Yed No Yes No Yes Yes Yes
Metal Fuels
B. Materias Test Reactor- Yes No Yes Yes Yes Yes Yes
Like Fuels
C. HEU/LEUY Oxides and Yes No Yes Yes Yes Yes Yes
Silicides Requiring Resiz-
ing or Specia Packaging
D. Loose Uranium Oxidein No No Yes No Yes Yes Yes
Cans
E. Higher Actinide Targets No Yes® No No No No No'
F. Non-Aluminum-Clad Fuels’ No Yes No No No No No

oW

~0oap

This alternative describes repackaging for storage at SRS pending shipment offsite.

“Yes” indicates that the technology could be applied to the fuel group. “No” indicates that the technology should not be applied to the fuel group (see Sections S.9.1.3

and Tables 2-1 and 2-2 of the EIS).
Except for the core filter block that may be incompatible with the melt and dilute process.
HEU = highly enriched uranium; LEU = low enriched uranium.

The Mark-18 targets from Fuel Group E are not acceptable for repackaging as proposed in this EIS. See footnote f.

This entry is with respect to the Proposed Action of this EIS. Conventional Processing with a follow-on treatment (e.g., vitrification, oxidation, or disposal) has been

evaluated for the Mark-18 target material in the Final Environmental Impact Statement for Interim Management of Nuclear Materials (DOE/EIS-0220).

In light of a previous decision by DOE to transfer this material to INEEL, only packaging for dry storage needs to be considered further.
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Table S-4. Alternatives analyzed in this EIS.
No-Action Minimum Impact Direct Disposal Preferred Maximum Impact
Fuel Group Alternative Alternative Alternative Alternative Alternative
Uranium and Thorium Continued Wet Prepare for Direct Conventional Conventional Conventional Proc-
Metal Fuels Storage Co-Disposal Processing Processing ng
Materials Test Reactor-like  Continued Wet Prepare for Direct Prepare for Di- Melt and Dilute  Conventional Proc-
Fuels Storage Co-Disposal rect Co-Disposal ng
HEU/LEU Oxide and Sili- Continued Wet Prepare for Direct Prepare for Di- Melt and Dilute®  Conventional Proc-
cides Requiring Resizingor ~ Storage Co-Disposal rect® Co-Disposal essing
Special Packaging
Loose Uranium Oxidein Continued Wet ~ Mélt and Dilute Melt and Dilute” Melt and Dilute®  Conventional Proc-
Cans Storage ng
Higher Actinide Targets Continued Wet Repackage and Pre-  Repackage and Continued Wet Repackage and Pre-
Storage pare to Ship to An- Prepare to Ship Storage pare to Ship to An-
TC other DOE Site to Another DOE other DOE Site’
Site®
Non-Aluminum-Clad Fuels  Continued Wet Repackage and Pre-  Repackage and Repackage and Repackage and Pre-
Storage pare to Ship to An- Prepare to Ship Prepare to Ship pare to Ship to An-
other DOE Site to Another DOE  to Another DOE  other DOE Site
Site Site
a. Conventional processing would be the preferred technology for the failed or sectioned Oak Ridge Reactor fuel, High Flux Isotope Reactor fuel, Tower
Shielding Reactor fuel, Heavy Water Components Test Reactor fuel, and a Mark-14 target (i.e., <1 percent of the material in this fuel group).
b. Conventional processing is the preferred technology for the Sterling Forest Oxide fuel (i.e., about 10 percent of the material in this fuel group).
| TC c. Mark-18 target assemblies (approximately 1 kilogram heavy metal) would undergo conventional processing.
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configurations that would result in similar
minimal impacts. DOE expects that the im-
pacts of this combination would be repre-
sentative of the lower bound of impacts from
the Proposed Action. This scenario would
utilize the New Packaging and New Proc-
ng Technologies.

The Uranium and Thorium Metal Fuels
would be treated using the Direct Dis
posal/Direct Co-Disposal technology with
more complicated treatment (i.e., hot-vacuum
drying). DOE recognizes that there is techni-
cal uncertainty regarding the acceptability of
this material (treated this way) in a reposi-
tory because of the potentia reactivity of the
material; however, Direct Disposal/Direct
Co-Disposa was postulated to represent
minimum impacts based on the assumption
that the waste form would be acceptable for
disposal in a geologic repository. Materials
Test Reactor-like Fuels and HEU/LEU Ox-
ides and Silicides Requiring Resizing or Spe-
cid Packaging would receive minimum
treatment (i.e., cold-vacuum drying and can-
ning or resizing) using the Direct Dis
posal/Direct Co-Disposal technology before
being placed in dry storage. The loose ura-
nium oxide in cans would be treated using
the Melt and Dilute Technology.

DOE would continue to wet-store the Mark-
51 and other Higher Actinide Targets at the
SRS. DOE would continue to wet-store the
non-aluminum-clad spent nuclear fuel at
SRS until the material is shipped to the Idaho
National Engineering and Environmenta
Laboratory. In the event the non-aluminum-
clad fuel has not been transferred offsite by
the time a dry storage facility is in operation
at the SRS (to support the Melt and Dilute
Technology), DOE could repackage the fuel
and transfer the materia to dry storage. To
maintain operationa flexibilty DOE could
transfer the Mark-51 and other targets to dry
storage. DOE would maintain the Mark-18
targets in wet storage pending disposition de-
cisons due to potential health and safety
concerns associated with the actions that

would be required to repackage the Mark-18
target assemblies.

Direct Disposal Alternative: This alterna-
tive combines the New Packaging and New
Processing Technologies with Conventional
Processing Technology. Materials Test Re-
actor-like Fuels and HEU/LEU Oxides and
Silicides Requiring Resizing or Specid
Packaging (except for the failed or sectioned
fuel) would receive minimum treatment (i.e.,
cold-vacuum drying and canning) using the
Direct Disposal/Direct Co-Disposal technol-
ogy before being placed in dry storage.

All material in the Uranium and Thorium
Metals Fuel group, the Sterling Forest Oxide
fuel from the Loose Uranium Oxide in Cans
group, and the failed or sectioned fuel from
the HEU/LEU Oxides and Silicides Requir-
ing Resizing or Specid Packaging group
would be treated with Conventional Proc-
essing because this material presents poten-
tial health and safety concerns and
probably would not be suitable for placement
in a geologic repository. Melt and Dilute
would be applied to the mgjority of the mate-
rial in the Loose Uranium Oxide in Cans fuel
group because that material could be re-
celved after a melt and dilute facility was
available.

DOE would manage the Higher Actinide
Targets and the non-aluminum-clad SNF as
described in the Maximum Impact Alterna-
tive.

DOE's Preferred Alternative: The alternative
which DOE believes would best fulfill its statu-
tory mission and responsibilities, giving consid-
eration to economic, environmental, technical,
and other factors.

Preferred Alternative:
combines a New Packaging Technology op-
tion, a New Processing Technology option,

and the Conventional Processing Technology

option. Materials Test Reactor-like Fuels,
most HEU/LEU Oxides and Silicides Re-
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quiring Resizing or Specia Repackaging,
and most Loose Uranium Oxide in Cans
would be stored and then treated using the
Melt and Dilute technology option when that
option became available. The Conventiona
Processing Technology option would be used
for the Uranium and Thorium Metal Fuels,
about 10 percent of the HEU/LEU Oxides
and Silicides Requiring Resizing or Specia
Repackaging; and about 10 percent of the
Loose Uranium Oxide in Cans because of the
potential health and safety vulnerability of
continuing wet storage of those fuels while
awaiting the availability of Melt and Dilute
technology.

DOE is not proposing any actions that would
lead to the programmatic use of the Higher Acti-
nide Targets. Therefore, DOE will maintain the
Mark-18, Mark-51 and other targets in wet stor-
age until decisions are made on fina disposition.

Maximum Impact Alternative: This alterna-
tive would provide Conventional Processing
for al SNF except the Mark-51 and other”
targets and the non-aluminum-clad fuels al-
ready selected for offsite shipment. This a-
ternative provides the upper bound on range
of impacts from potential configurations be-
cause the analyses presented are conservative
in that they assume that the entire SNF in-
ventory would be processed in the separa-
tions facilities, which would produce the
greatest impacts of al the treatment options.

DOE would manage the Mark-51 and other
Higher Actinide Targets and the non-
aluminum-clad SNF as described in the
Minimum Impact Alternative. DOE would
process the Mark-18 Higher Actinide Targets
in F Canyon followed by vitrification of the
americium and curium in the new F-Canyon
Vitrification Facility as analyzed in the Final
Environmental Impact Statement for Interim
Management of Nuclear Materials.

No-Action Alternative: The implementing
regulations of NEPA require the inclusion of
a No-Action Alternative. Under this aterna-

tive, DOE would continue to store the SNF
in the wet basins a SRS even though this
would not meet the purpose and need for ac-
tion. To maintain safe conditions, DOE
would take necessary actions to ensure safe
storage in the basins, such as consolidation
of fuel and upgrades of systems to ensure
good water quality. As determined by the
Record of Decison for the Programmatic
Soent Nuclear Fuel Management and Idaho
National Engineering Laboratory Environ-
mental Restoration and Waste Management
Programs Environmental Impact Statement
(DOE/EIS-0203), DOE would transport the
Non-aluminum Clad Fuels to the Idaho Na-
tional Engineering and Environmental Labo-
ratory.

S.11 Preferred Alternative

DOE proposes to implement severa technologies
to manage spent nuclear fuel at SRS. These
technologies are Melt and Dilute, Conventiona
Processing, and Repackage and Prepare to Ship.
Each of these technologies would treat specific
groups of spent nuclear fuel, as described below.
The technology and fuel group combinations
form DOE’s Preferred Alternative in this EIS.
Figure S-1 provides a flowchart for the preferred
alternative.

Met And Dilute

Melt and Dilute is the preferred treatment for
97 percent by volume (60 percent by mass) of
the aluminum-based SNF at the Savannah River
Site.

DOE has identified the Melt and Dilute process
as the preferred method of treating most (about
97 percent by volume or about 32,000 MTRE) of
the aluminum-based SNF considered in this EIS.
DOE will continue to pursue a research and de-
velopment program leading to a demonstration of
the technology in FY 2001 using full-size irradi-
ated research reactor spent nuclear
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fuel assemblies. With a successful demonstration
of the technology, DOE expects to have ready a
treatment facility to perform production melt and
dilute operations in FY 2008. DOE will ensure
the continued availability of SRS conventional
processing facilities until it has successfully
demonstrated implementation of the Met and
Dilute treatment technology.

The fuel proposed for the preferred Melt and
Dilute technology includes the Material Test Re-
actor-like fuel, most of the Loose Uranium Oxide
in Cans fuel, and most of the HEU/LEU Oxide
and Silicide fuel. Exceptions are the uranium
and thorium fud, failed and sectioned oxide and
slicide fudl, some loose uranium oxide in cans
fuel, the Higher Actinide Targets, and non-
aluminum-clad fuel.

The Mdt and Dilute Technology would satisfy
DOE's objective and preference, as stated in the
Record of Decision for the Final Environmental
Impact Statement on a Proposed Nuclear Weap-
ons Nonproliferation Policy Concerning Foreign
Research Reactor Spent Nuclear Fuel (60 FR
25091), to select a non-chemical separations-
based technology to prepare auminum-based
SNF for placement in a geologic repository. Ad-
ditiondly, this new technology would provide
significant waste reduction (of high-level, low-
level, transuranic, etc.) in comparison to conven-
tiona chemical processing and is fully compati-
ble with and supportive of the non-proliferation
objectives of the United States. In the Melt and
Dilute process, aluminum-based SNF would be
melted and highly-enriched uranium would be
diluted with depleted uranium to produce low-
enriched uranium. No separation of fissile mate-
rials from fission products would occur.

The potential impacts (e.g., worker and public
hedlth, waste generation, socioeconomics, €tc.)
among the new non-separations based technolo-
gies were all very smilar; however, the Melt and
Dilute option was the most efficient in volume
reduction and produced the fewest number of
SNF canisters. In fact, Melt and Dilute would
volume reduce the fuel by more than 3 to 1 over
Direct Disposal/Direct Co-Disposal. The volume

reduction is achieved because the melt and dilute
process eliminates voids in the fuel e ements and
in the canisters and fuel baskets used in the Di-
rect Disposal/Direct Co-Disposal technology.
DOE considered Melt and Dilute to be among the
most “proven” of the new non-separations-based
technologies because DOE has extensive experi-
ence with fuel melting operations for research
purposes.

The Mdt and Dilute technology offers DOE the
flexibility to engineer the final waste form to
provide a high degree of confidence that the ma-
terid would be acceptable for placement in a
geologic repository. Major technical concerns
such as fuel characterization, criticality control,
and repository performance can be reduced or
eliminated by tailoring the chemica and physica
form of the final product to meet specific criteria.
DOE expects the Melt and Dilute option would
be relatively smple to implement and would be
less expensive than other similar technology op-
tions, athough the ongoing technology develop-
ment initiative will determine the viability of this
aternative. The maor technical issue for imple-
menting this technology would be the design of
an off-gas ventilation system to capture volatil-
ized fisson products. Preliminary engineering
studies indicate that the system could be designed
using proven approaches for managing off-gases.

To implement the preferred adternative (Melt and
Dilute technology), DOE would construct a melt
and dilute facility in the existing 105-L building
at SRS and build a dry-storage facility in L Aresa,
near the 105-L building. DOE is proposing to
use this facility to house the Melt and Dilute pro-
cess for the following reasons. the existing
structure can accommodate the process equip-
ment and systems; the applicable portions of the
structure will meet DOE requirements for resis-
tance to natura hazards (e.g., earthquakes); the
integral disassembly basin has sufficient capacity
for all expected SNF receipts and the current Site
inventory; using 105-L avoids creating a new
radiologically controlled facility that would
eventually require decontamination and decom-
missioning; and DOE has edtimated the cost
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savings versus a new facility to be about
$70 million.

Using the Met and Dilute technology, DOE
would melt auminum-based SNF and blend
down any highly enriched uranium to low en-
riched uranium using depleted uranium that is
currently stored at SRS. The material would be
cast as ingots that would be loaded into stainless-
steel canisters approximately 10 feet tall and 2
feet (or less) in diameter. The canisters would be
placed in dry storage pending shipment to a
geologic repository.

During the development of the Melt and Dilute
technology, DOE may determine that, for techni-
cal, regulatory, or cost reasons, the Melt and
Dilute option is not viable. As a back-up to Melt
and Dilute, DOE would continue to pursue the
Direct Co-Disposal option of the New Packaging
Technology and would implement this option if
Melt and Dilute were no longer feasible or pre-
ferred. Direct Co-Disposal has the potentia to
be the least complicated of the new technologies
and DOE bdieves this option could be imple-
mented in the same timeframe as the Melt and
Dilute option. However, DOE believes there is
greater risk in attempting to demonstrate that
aluminum-based SNF, packaged according to the
Direct Co-Disposal option, would be acceptable
in a geologic repository. A comparison of the
preferred (Melt and Dilute) and back-up (Direct
Co-Disposal) technologies DOE proposes to use
to manage most of the aluminum-based SNF at
SRSis presented in Table S-5.

If DOE identifies any imminent health and safety
concerns involving any auminum-based SNF,
DOE could use F and H canyons to stabilize the
material of concern prior to the melt and dilute
facility becoming operational .

Conventional Processing

Conventional Processing is the preferred treat-
ment for 3 percent by volume (40 percent by
mass) of aluminum-based SNF at the Savannah
River Site.

DOE proposes to use conventional processing to
stabilize some materials before a new trestment
facility isin place. The rationale for this proc-
ng isto avoid the possibility of urgent future
actions, including expensive recovery actions that
would entail unnecessary radiation exposure to
workers, and in one case, to manage a unique
waste form (i.e., core filter block).

The total amount proposed for conventional
processing is areatively smal volume of alumi-
num-based SNF at the SRS (about 3 % by vol-
ume and 40 % by mass). This materia includes
the Experimental Breeder Reactor-11 fudl, the
Sodium Reactor Experiment fuel, the Mark-42
targets and the core filter block from the Ura-
nium and Thorium Meta fuel group; the failed or
sectioned Tower Shielding Reactor, High Flux

I sotope Reactor, Oak Ridge Reactor, and Heavy
Water Components Test Reactor fuelsand a
Mark-14 target from the HEU/LEU Oxides and
Silicides fuel group; and the Sterling Forest Ox-
ide (and any other powdered/oxide fuel that may
be received at SRS while H Canyon is still in
operation) from the Loose Uranium Oxide in
Cans fud group. Although it is possible that a
new treatment technology, such as melt and di-
lute, could be applied to most of these materials,
DOE consderstimely alleviation of the potential
health and safety vulnerabilities to be the most
prudent course of action because it would stabi-
lize materials whose forms or types pose a
heightened vulnerability to releasing fission
products in the basin. Nonetheless, if these mate-
rials have not been stabilized before anew treat-
ment technology becomes available, that new
technology (melt and dilute) may be used rather
than conventional processing.

The Experimental Breeder Reactor-11 fuel and
Sodium Reactor Experiment fuel are uranium
metal that has been declad and stored in canisters
in the Recelving Basin for Offsite Fuel. The de-
clad fuels present a potential health and safety
vulnerability. Should their existing storage con-
tainers leak, the metal fudl would corrode and
release fission products to the water of the stor-
age basin. Once the meta of the fuel is wetted,
simply repackaging the fuel in a water-
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Table S-5. Comparison of preferred and backup technologies for aluminum-SNF disposal.

Technology

Advantages

Disadvantages

Preferred technology:
Melt-Dilute Process

Backup technology:
Direct Co-Disposa
Process

U-235 enrichment readily adjusted
by dilution with depleted uranium to
meet non-proliferation policy and
nuclear criticality constraints.

Melting reduces the volume of the
fuel (see Section A.2.1). DOE esti-
mates about 400 canisters would be
generated in comparison to about
1,400 canisters for Direct Co-
Disposal.

Homogenous melt product provides
basis for predictable behavior in a
geologic repository.

Process technically straightforward
to implement. Shielded-cell han-
dling procedures well devel oped.

Meets non-proliferation policy crite-
ria better than other technologies.

Implementation requires high tem-
perature operation of melter and
offgas control equipment in shielded
cells.

Different SNF configurations, mate-
rials, and U-235 enrichments present
packaging complexities.

No adjustment of U-235 enrichment
possible to meet criticality con-

TC

straints in a geologic repository. TC
May require the use of exotic nuclear

ppoi sons.

No reduction in the volume of the

fuel.

Non-uniform SNF structures and

compositions complicates documen-

tation of fuel characteristics to meet

repository waste acceptance criteria

and to predict behavior in areposi- TC

tory.

tight container would not arrest the corrosion
and, in fact, could exacerbate storage concerns
since potentialy explosive hydrogen gas would
continue to be generated inside the storage can-
ister asthe fuel continued to corrode. Anin-
stance of water intrusion and subsequent fuel
corrosion has aready occurred with one Experi-
mental Breeder Reactor-11 canister stored in the
Receiving Basin for Offsite Fuel. Additionaly,
severa problems have occurred with other ura-
nium meta fuel in smilar storage conditions at
SRS (e.g., the Taiwan Research Reactor fuel
with failed or missing cladding that was over-
packed in canisters and stored in SRS wet ba-
sins). DOE addressed these situations by

processing the failed or declad fuel in F Canyon
to eliminate the health and safety vulnerability.

Thefailed or sectioned Tower Shielding Reactor,
High Flux Isotope Reactor, Oak Ridge Reactor,
and Heavy Water Components Test Reactor fuel,
and a sectioned Mark-14 target from the
HEU/LEU Oxides and Silicides fuel group also
present potential health and safety vulnerahilities.
Theintegrity of these fuels was destroyed for
research purposes. Then the material was canned TC
and placed in wet storage at SRS. A breach of or
leak in the cans would expose the interior sur-
faces of the sectioned fuel to water, contaminat-
ing the water in the storage basin with
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radioactivity, and accelerating the corrosion of

el

the Sterling Forest Oxide fuel from the Loose
Uranium Oxide in Cans fuel group. Should a
breach occur in the cladding on the Mark-42 tar-
gets or in the canisters of Sterling Forest Oxide
fuel, the particulate nature of the nuclear materia
in the targets and the Sterling Forest Oxide fuel
could lead to dispersion of radioactive material in
the water of the Receiving Basin for Offsite Fuel.
Therefore, DOE is proposing to take action now
to avoid the possibility of urgent future actions,
including expensive recovery actions that also
would entail unnecessary radiation exposure to
workers.

DOE proposes to process the Experimental
Breeder Reactor-11 fuel and the Mark-42 targets
in F Canyon. That fuel contains plutonium, ap-
proximately 114 kg of which would be recovered
as part of the normal F Canyon chemical separa-
tions process and then transferred to FB-Line for
conversion to metal. The plutonium metal would
be considered surplus to the nation's nuclear
weapons program and would be placed in storage
at the SRS pending disposition pursuant to the
January 2000 Record of Decision (ROD) for the
Surplus Plutonium Disposition Environmental
Impact Statement (DOE 1999). The surplus
plutonium would be immobilized using the can-
in-canister process or fabricated into mixed-oxide
(MOX) commercial power reactor fuel at the
SRS. DOE has scheduled processing of the Ex-
perimental Breeder Reactor-11 fuel and the Mark-
42 targetsin FY 00.

DOE proposes to process the Sodium Reactor
Experiment fuel, the failed or sectioned fuel

from the HEU/LEU Oxides and Silicides fuel
group, and the Sterling Forest Oxide fuel in H-
Canyon where the highly enriched uranium would
be blended down to low enriched uranium and
stored pending potential sale as feed-stock for
commercia nuclear fuel. DOE would begin
processing operationsin H Canyon in 2000 and
could complete them in about 18 months.

A potentia health and safety vulneradPi¥r/&ks:
exists for the unirradiated Mark-42 targets from
the Uranium and Thorium Meta fuel group and
DOE also proposes to process the core filter
block from the Uranium and Thorium Metals fuel
group. The core filter block is made of depleted
uranium but it contains corrosion-resistant metal
(e.g., stainless-stedl) that would be incompatible
with the Melt and Dilute Technology for alumi-
num-based SNF. The core filter block could be
processed in either F Canyon or H Canyon. In
ather case, the material would become feedstock
to blend down highly enriched uranium from «i-
ther conventional processing or melt and dilute
operations.

The processing operations described above in
both F and H Canyons would occur when the
canyons were being operated to stabilize other
nuclear material. It isthe preference of the De-
partment of Energy not to utilize conventional
reprocessing for reasons other than safety and
health. However, the core filter block is not
compatible with the melt and dilute process for
aluminum-based SNF. The benefit to develop a
new process to accommodate this form(?) would
be disproportionately small when compared to
the cost (DOE 19984d). Consequently, the De-
partment proposes an exception in this case.

Repackaging

Repackaging and dry storage is the preferred
aternative for non-aluminum-clad SNF (about 6
percent by volume and 30 percent by mass of all
the fuel considered in this EIS). Mark-51 tar-
gets, and other targets would be managed using
onsite storage pending disposition decisions.

DOE would continue to wet-store the non-
aluminum clad spent nuclear fuel a SRS until
the materia is shipped to the Idaho National En-
gineering and Environmental Laboratory. DOE
could transfer the non-aluminum clad fuel to dry
storage after the material had been relocated from
the Recelving Basin for Offsite Fuel to the
L-Reactor Disassembly Basin in support of ac-
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tivities to phase out operations in the Recelving
Basin for Offsite Fuel by fiscal year 2007.

Continued Wet Storage

DOE is not proposing any actions that would
lead to programmatic use of the Higher Actinide
Targets. Therefore, the Mark-18, Mark-51 and
other Higher Actinide Targets will be maintained
in wet storage until decisions are made on their
final disposition.

S.12 Comparisons of Environ-
mental mpacts Among the Alterna-
tives

Operational | mpacts

Impacts from operations under all of the alterna-
tives would have no effect on ecological re-
sources, water resources, or cultural resources.
The impacts from onsite transportation of SNF
would be small under all alternatives.

Processing the Mark-18 targets (about
1 kilogram of heavy metal) was previoudy ana-
lyzed in the Final Environmental Impact Sate-
ment on Interim Management of Nuclear
Materials and, therefore, was not analyzed in this
EIS. The impacts of processing this small
amount of material are minor and would not sig-
nificantly add to the impacts currently analyzed
for the Maximum Impact Alternative in this EIS.
For example, total radiologica dose from the
Preferred Alternative to the maximally exposed
individua for the entire period of anaysis would
be 0.67 millirem. Processing the Mark-18 tar-
gets would result in a dose of 0.0035 millirem.
These extremely small doses are unlikely to result
in any health effects.

Tables S-6 and S-7 list impacts for the five ater-
natives. The EIS identifies the following opera-
tional impacts with potentia to be discriminators
among the alternatives:

Worker and public health impacts — Esti-
mated impacts are reported as latent cancer

|EC

fatalities for the involved worker population,
noninvolved worker, the maximaly exposed
member of the public, and offsite population
(Table S6). These impacts are summed
over the period of analysis based on annua
emissions and radiation doses.

Involved worker doses are estimated under
the assumption that no worker would receive
more than the SRS administrative annual
limit of 500 millirem from normd

EIS Operational | mpact
Potential Discriminators

- Worker and Public Health Impacts
- Nonradiological Air Impacts

- Waste Generation

- Utilities and Energy Consumption
- Accidents

operations. The estimated latent cancer fa-
talities for the involved worker population for
the entire period of analysis would be 0.28
for the Minimum Impact Alternative and
0.84 for the Maximum Impact Alternative.

The noninvolved worker highest estimated
probability of alatent cancer fatality over the
entire period of analysis would be 2.0" 10°
for the Minimum Impact Alternative and
6.3 10" for the Maximum Impact Alterna-
tive.

Table S-6 provides the incremental impact
for hedth effects to the noninvolved worker,
maximally exposed individual, and the off-
site population above the current baseline for
the operations of the wet storage basins at
the SRS (the No-Action Alternative) over the
entire period of analyss. Summing these
baseline and incremental values is conserva-
tive because there would not be two SNF wet
basins operating over the entire 38-year pe-
riod of analysis.

The estimated latent cancer fatality probability to
the maximally exposed individual over the entire

TC
EC
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period of analysis would be 3.0° 10% for the
Minimum Impact Alternative and 3.4 107 for
the Maximum Impact Alternative. The
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Table S-6. Impact summary by combination strategy.

8¢S

No Action Alter- Minimum Impact Direct Disposal  Preferred Alter- Maximum Impact
Parameter native (baseline) Alternative Alternative native Alternative

Health Effectsfor Entire Period of Analysis
(1998-2035)

e Integrated |atent cancer fatality probability 1.7x10°@ 2.0°10° 9.6 10° 6.1 10" 6.3 10"
‘ for the noninvolved worker
Integrated |atent cancer fatality probability 3.1x107@ 3.0 10% 3.6 10° 9.5 10° 3.4 107
TC ‘ for the maximally exposed member of the
public
Integrated latent cancer fatalities for the 0.30 0.28 0.34 0.33 0.84
worker population
Integrated |atent cancer fatalities for the 1.1x10%@ 1.1°10° 3.8 10° 3.4x10° 4.4x10°
general public
Waste Generation for the Entire Period of
Analysis (1998-2035)
TC Liquid (cubic meters) 2,300 660 1,200 1,050 10,500
High-level waste generated (equivalent 38 11 20 17 160
DWPFD canisters)
Transuranic waste generated 0 15 360 563 3,700
(cubic meters)
Hazardous and mixed low-level waste gen- 76 25 46 103 267
erated
(cubic meters)
Low-level waste generated 57,000 20,000 31,000 35,260 140,000
(cubic meters)
Utilitiesand Energy for the entire period of
analysis (1998-2035)
Water consumption (millions of liters) 1,100 660 1,400 1,186 8,000
Electricity consumption 46,000 27,000 81,000 116,000 600,000
(megawatt-hours)
Steam consumption 340 190 520 650 3,600
(millions of kilograms)
Diesdl fuel consumption 230 180 2,300 2,760 22,000
(thousands of liters)
EC SNF Disposal Canisters (1998-2035) 0 ~1,400 ~1,300 400 0°

a. Reflects current reactor-area emissions (including two SNF wet basins) for the entire period of analysis.
b. DWPF = Defense Waste Processing Facility.

6,20
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C.

The technology used in the Maximum Impact Alternative (i.e., Conventional Processing) would not produce any canisters of SNF.
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Table S-7. Estimated maximum incremental concentrations of nonradiological air pollutants at SRS
boundary for each alternative (percent of regulatory standard).

No Action Minimum Impact Direct Disposal Preferred Maximum Impact
Alternative Alternative Alternative Alternative Alternative
0.03 0.07 12 11 3.6
(nitrogen oxides) (ozone [as VOC]) (nitrogen oxides) (nitrogen oxides) (nitrogen oxides)

VOC = volatile organic compound.

estimated offsite latent cancer fatalities
would be 1.1° 10° for the Minimum Impact
Alternative and 4.4 10° for the Maximum
Impact Alternative. The estimated latent
cancer fatalities in the offsite population af-
fected by SRS over the entire period of
analysis would be much less than 1 for any
aternative.

Nonradiological Air Quality — Table S-7
presents the estimated maximum incremental
concentration of the nonradiological air pol-
[utant that would contribute the most to the
deterioration of air quality a the SRS
boundary for each dternative. As noted
from Table S-7, the concentration of the non-
radiologica congtituent contributing the
highest fraction of the offsite air qualitystan-
dard would range from 0.03 percent of the
standard for the No-Action Alternative to
3.6 percent of the standard for the Maximum
Impact Alternative. Under al alternatives,
nonradiological air concentrations at the SRS
boundary would be well below applicable
standards.

Waste generation — Wastes volumes were
estimated over the period of analysis. The
Maximum Impact Alternative would generate
the greatest volume of waste, while the
Minimum Impact Alternative would generate
the least volume of waste (Table S-6). For
wastes generated under all alternatives, DOE
would use the surplus capacity in existing
SRS waste management facilities to tredt,
store, dispose, or recycle the waste in accor-
dance with applicable regulations.

Utilities and energy consumption — The
guantities of water, electricity, steam, and
diesdl fud that would be required over the
entire period of analysis were estimated (Ta-
ble S-6).

The Maximum Impact Alternative would re-
quire the most water, electricity, steam, and
diesd fuel, while the Minimum Impact Alter-
native would require the least. For all ater-
natives, water and steam would be obtained
from existing onsite sources and electricity
and diesdl fuel would be purchased from
commercial sources. These commodities are
readily available and the amounts required
would not have an appreciable impact on
available supplies or capacities.

Accidents — DOE evauated the impacts of
potential accidents related to each of the a-
ternatives. For each potential accident, the
impacts were evaluated as radiation dose to
the noninvolved worker, radiation dose to the
offsite maximally exposed individual, collec-
tive radiation dose to the offsite population,
and latent cancer fatalities to the offsite
population. Table S-8 presents the results of
this analysis. Table S-8 aso indicates the
estimated frequency of occurrence for each
accident.

The highest consequence accident postulated
under the continued wet storage, direct co-
disposal, and repackage and prepare to ship
technologies is a seismic/high wind-induced
criticality, which is estimated to result in 6.2
latent cancer fatalities in the offsite popula-
tion. The highest consequence accident un-
der conventional processing technology is a

TC
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coil and tube failure with an estimated offsite
population impact of 39 latent cancer fatali-
ties. The frequencies of these accidents are
once in 2,000 to once in 26,000 years.

For the other new SNF technologies evalu-
ated, the maximum consequence accident
(earthquake induced spill with loss of venti-
lation) is associated with the melt and dilute
process. This accident is estimated tooccur
once in 200,000 years and to result in 10 la-
tent cancer fatalitiesin the offsite population.

Construction | mpacts

Impacts of construction would be minor and
short-lived.

Condtruction activities could affect four re-
sources: surface water, air, ecological resources,
and socioeconomics. However, because workers
would build the facilities needed to carry out the
proposed action in an area of the Site that is al-
ready industrialized, DOE expects little impact to
these resources from construction activities.

In summary, none of the alternatives anayzed
would result in undue adverse environmental ef-
fects. The preferred aternative is the alternative
that DOE considers provides the greatest assur-
ance of preparing the SNF for ultimate placement
in a geologic repository by using a relatively
simple new processing technology and a proven
technology.

S.13 Cumulative Impacts

DOE evaluated the cumulative impacts of SNF
management activities coupled with other past,
present, and reasonably foreseeable future ac-
tions that could impact the SRS and its environs.

This cumulative impacts anaysis included the
impacts from SNF management, other related

DOE NEPA actions, current SRS operations,
and potential processing in the SRS canyons of
other nuclear materials located at other DOE
sites. DOE analyzed cumulative impacts for the
following areas: (1) air resources, (2) water re-
sources, (3) public and worker hedth, (4) waste
generation, and (5) utilities and energy consump-
tion. Table S-9 presents the results of the non-
radiological air resources cumulative impact
analysis. Table S-10 presents the results of the
cumulative analysis for the other technical disci-
pline areas.

S.14 Other Factors

DOE evduated other factors such as technica
availability, nonproliferation and safeguards,
labor availability and core competency, custodia
care, and cost. These factors are discussed in
Section 2.6 of the Fina EIS.

Life-cycle costs (1998 hillion of dollars) for each
of the aternatives were estimated as follows:

Minimum Impact Alternative 19
Direct Disposal Alternative 19
Preferred Alternative 20
Maximum Impact Alternative 2.0
No Action Alternative 1.7

Life-cycle cost comparisons indicate that the No
Action Alternative would be the least expensive.
However, the cost of continued wet storage does
not include costs of actions necessary to prepare
SNF for ultimate disposition. The Direct Dis-
posa Alternative and the Preferred Alternative
(both using a renovated reactor building) have
approximately the same life-cycle cost. Installa-
tion in a renovated reactor facility presents cost
advantages of about $70 million compared to a
new treatment facility.

S-30
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Table S-8. Estimated maximum consequence accident for each technology.
Consequences
Noninvolved Offsite
Accident Worker MEI Population Latent Can-
Option Frequency (rem) (rem) (person-rem) cer Fatalities
Continued Wet Storage (No Action)?
RBOF (high wind-induced criticality) Oncein 13 0.22 12,000 6.2
26,000 years
L-Reactor basin (basin-water draindown) Oncein 0.014 0.016 (b) (b)
500 years
Direct Co-Disposal
Dry Storage phase (earthquake-induced Oncein 13 0.22 12,000 6.2
criticality) 2,000 years
Repackage and Prepareto Ship
Dry Storage phase (earthquake-induced Oncein 13 0.22 12,000 6.2
criticality) 2,000 years
Conventional Processing
Processing phasein F/H Canyons (coil and Oncein 13 13 78,000 39
tube failure) 14,000 years
Melt and Dilute
Dry Storage phase (earthquake-induced Oncein 13 0.22 12,000 6.2
criticality) 2,000 years
Melt and dilute phase (earthquake-induced Oncein 30 0.5 21,000 10
spill) 200,000 years
M echanical Dilution
Dry Storage phase (earthquake-induced Oncein 13 0.22 12,000 6.2
criticality) 2,000 years
Mechanical dilution phase (criticality with Oncein 0.71 0.074 3,000 15
loss of ventilation) 33,000 years
Vitrification Technologies
Dry Storage phase (earthquake-induced Oncein 13 0.22 12,000 6.2
criticality) 2,000 years
Vitrification phase (earthquake-induced Oncein 0.10 0.0017 71 0.035
release with loss of ventilation) 200,000 years
Electrometallurgical Treatment
Dry Storage phase (earthquake-induced Oncein 13 0.22 12,000 6.2
criticality) 2,000 years
Electrometallurgical phase (earthquake in- Oncein 30 0.5 21,000 10
duced spill with loss of ventilation) 200,000 years

MEI = Maximally Exposed Individual.
RBOF = Receiving Basin for Offsite Fuels.

a.  All aternatives would use RBOF and the L-Reactor Disassembly Basin; therefore, accidents in these facilities are possible

for each technology.
b. Not available.
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Table S-9. Estimated maximum cumulative ground-level concentrations of nonradiological pollutants (mi-

crograms per cubic meter) at SRS boundary.

SCDHEC ambient Cumulative
Averaging standard concentration Percent of
Pollutant time (ng/m®) (ng/m®) standard
Carbon monoxide 1 hour 40,000 10,093 25
8 hours 10,000 6,921 69
Oxides of Nitrogen Annual 100 331 33
Sulfur dioxide 3 hours 1,300 1,206 93
24 hours 365 351.7 96
Annua 80 341 43
Ozone 1 hour 235 18 1
Lead Max. quarter 15 0.03 2
Particulate matter (E10 24 hours 150 130.4 87
microns aerodynamic Annual 50 251 50
diameter)
Total suspended Annual 75 67.1 89
particulates (ug/m?)
Table S-10. Cumulative impacts.
Parameter Cumulative total
Radiological Air Impacts
Annua MEI? Dose (rem) 1.0 10
MEI LCF Probability (unitless) 5.1 10°®
Annual Population dose (person-rem) 5.6
Population LCFs (unitless) 2.8x10°
Radiological Water I mpacts
Annua MEI Dose (rem) 2.4 10"
MEI LCF Probability (unitless) 1.2x107
Population dose (person-rem) 2.6
Population LCFs (unitless) 1.3 103
Worker and Public Health (Air and Water)
Annual Total MEI dose (rem) 3.4x10*
Total MEI LCF probability (unitless) 1.7x107
Annual Total population dose (person-rem) 8.2
Tota population LCFs (unitless) 0.004
Annual Collective worker dose (rem) 859
Collective worker LCFs (unitless) 0.34
Waste Generation (Life-Cycle Waste)
High-level waste generation (cubic meters) 94,681
Low-level waste generation (cubic meters) 430,401
Hazardous/mixed waste generation (cubic meters) 14,745
Transuranic waste generation (cubic meters) 18,532
Utilities and Energy
Annual €electricity consumption (megawatt-hours) 5.77x10°
Water usage (liters) 1.79 10

a  MEIl = Maximally Exposed Individual .
b. LCF = Latent Cancer Fatality.
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accident, vi, 29, 30

Accident, 30
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