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DearN &r6u:

I wish to take this opportunity to thank you for your support in
preparing the Technical Strategy for the Treatment, Packaging, and
Disposal of Aluminum-Based Spent Nuclear Fuel. This report of the
Research Reactor Spent Nuclear Fuel Task Team was prepared in a
diligent and timely manner and reflects positively on the
professionalism you have shown the Department of Energy. The Task
Team's recommendations have been reviewed by the Department and
the path forward approved by the Assistant Secretary of
Environmental Management. We now look forward to the
implementation of this challenging program.

Enclosed are copies of the final report (Volumes I and II).
Should you desire additional copies or have inquiries as to how
our program is progressing, please contact me or Howard Eckert at
(301) 903-1450.

Sincerely,

G. Frank Cole, Director
Office of Spent Fuel Management
Office of Nuclear Material and

Facility Stabilization
Office of Environmental Management
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Department of Energy
Washington, DC 20585

February 8, 1996

Dear Interested Party:

I am enclosing a copy of the Summary of the final- Environmental
Impact Statement on a Proposed Nuclear Weapons Nonproliferation
Policy Concerning Foreign Research Reactor Spent Nuclear Fuel.
The Department of Energy, in cooperation with the State
Department, prepared the final Environmental Impact Statement.

This study analyzes the potential environmental impacts of
adopting a policy to manage foreign research reactor spent fuel
containing uranium enriched in the United States. In particular,
the study examines the comparative impacts of several alternative
approaches to managing the spent fuel. The analyses demonstrate
that the impacts on the environment, workers and the general
public of implementing any of the alternative management
approaches would be small and within applicable Federal and state
regulatory limits.

The Department's preferred approach to managing the spent fuel,
referred to in the study as the "preferred alternative," is for
the Department to receive the spent fuel into the United States,
and to manage it at the Department's Savannah River Site in South
Carolina and the Idaho National Engineering Laboratory. The spent
fuel would be shipped to the United States over 13 years through
two military ports. The Charleston Naval Weapons Station in South
Carolina would receive about one to two shipments every month
beginning in 1996. The Concord Naval Weapons Station in
California would receive far fewer shipments (as few as five
shipments over a 13-year period) beginning in 1997.

The final Environmental Impact Statement is a three-volume
document, approximately 4000 pages in length. Volume 1 (494
pages) describes the policy considerations of adopting a policy to
manage foreign research reactor spent fuel, and the potential
environmental impacts. Volume 2 (1111 pages) contains eight
appendices relating to the technical analyses. Volume 3 (2230
pages) contains the public's comments on the draft Environmental
Impact Statement, the Department's responses to those comments,
and summaries of the 17 public hearings held, throughout the United
States during the 90-day comment period on the draft.

Our experience has taught us that many people who are interested
in the Department's proposed activities do not necessarily want to
receive a lengthy, multi-volume document to review. For this
reason, we are sending you the Summary alone at this time. If,
however, you would like a copy of the entire study, a particular
volume, or an additional copy of the Summary, we would be pleased
to send it to you. Please let us know by calling the Department's
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Center for Environmental Management Information at 1-800-736-3282
(toll-free). The entire document will be placed in the public
reading rooms and information locations listed in the Summary.

The Department will not make a final decision on whether to adopt
the proposed policy until late March 1996. Thank you for your
interest in this proposed action.

Sincerely,

/
Assistant Secretary for

Environmental Management

Enclosure
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Responsible Agencies: Lead Agency: United States Department of Energy
Cooperating Agency: United States Department of State

Title: Final Environmental Impact Statement on a Proposed Nuclear Weapons Nonproliferation
Policy Concerning Foreign Research Reactor Spent Nuclear Fuel

Contact: For further information, concerning this Final Environmental Impact Statement, contact:

Charles Head, Program Manager
Office of Spent Nuclear Fuel Management (EM-67)
U.S. Department of Energy
1000 Independence Avenue, SW
Washington, DC 20585

For general information on the United States Department of Energy's National
Environmental Policy Act process, call 1-800-472-2756 to leave a message, or contact:

Carol Borgstrom, Director
Office of NEPA Policy and Assistance (EH-42)
U.S. Department of Energy
1000 Independence Avenue, SW
Washington, DC 20585
202-586-4600

Abstract: The United States Department of Energy and United States Department of State are jointly
proposing to adopt a policy to manage spent nuclear fuel from foreign research reactors. Only spent
nuclear fuel containing uranium enriched in the United States would be covered by the proposed policy.
The purpose of the proposed policy is to promote U.S. nuclear weapons nonproliferation policy objectives,
by seeking to reduce and eventually eliminate highly-enriched (weapons-grade) uranium from civilian
commerce worldwide. Environmental effects and policy considerations of three Management Alternative
approaches for implementation of the proposed policy are assessed. The three Management Alternatives
analyzed are: (1) acceptance and management of the spent nuclear fuel by the Department of Energy in the
United States, (2) facilitate the management of the spent nuclear fuel at one or more foreign facilities
(under conditions that satisfy United States nuclear weapons nonproliferation policy objectives), and (3) a
combination of elements from one or both of Management Alternatives 1 and 2 (Hybrid Alternative). A
No Action Alternative is also analyzed.

For each Management Alternative, there are a number of implementation alternatives. For Management
Alternative 1, this document addresses the environmental effects of various implementation alternatives,
such as varied policy durations, management of various quantities of spent nuclear fuel, chemical
separation, developmental treatment and/or packaging technologies, and differing financing arrangements.
Environmental impacts are also examined at various potential ports of entry, along truck and rail
transportation routes, at candidate management sites, and for alternate storage technologies. For
Management Alternative 2, this document addresses the environmental effects of two implementation
alternatives: (1) assisting foreign nations with storage; and (2) assisting foreign nations with reprocessing
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of the spent nuclear fuel. With respect to Management Alternative 3, an example Hybrid Alternative is
analyzed wherein a portion of the spent nuclear fuel would be processed at overseas facilities and the
remaining portion would be managed in the United States.

The United States Department of Energy and United States Department of State, in consultation with other
government agencies, designate the acceptance and management of the foreign research reactor spent
nuclear fuel in the United States (i.e., Management Alternative I with modifications to several basic
implementation elements) as the preferred alternative.

Public Comments: The public comment period on the Draft EIS was conducted from April 21, 1995 to
July 20, 1995. During this period, DOE held 17 public hearings in the locations most likely to be directly
affected by the EIS alternatives, including the 10 candidate ports of entry and 5 candidate spent nuclear
fuel management sites. In addition, a public hearing was held in Washington, D.C. The Draft EIS was
made available to the public through mailings, requests to DOE's Environmental Management Information
Center, and at DOE Public Reading Rooms and other designated information locations.
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Summary

S.] Introduction

Reducing the threat of the proliferation of nuclear weapons is one of the foremost goals of
the United States. Proper management of spent nuclear fuel from foreign research
reactors supports this goal, since much of this spent nuclear fuel contains highly-enriched I
uranium (HEU) which can be directly used in simple nuclear weapons.

The proposed action is for the U.S. Department of Energy (DOE) and the Department of
State to jointly adopt a policy to manage spent nuclear fuel from foreign research reactors.
Only spent nuclear fuel containing uranium enriched in the United States would be
covered by the proposed action. The purpose of the proposed policy is to promote U.S.
nuclear weapons nonproliferation policy objectives, specifically by seeking to reduce, and
eventually eliminate, HEU from civilian commerce.

DOE and the Department of State have evaluated various Management Alternatives for
implementing this policy. A key element of DOE and Department of State
decisionmaking is a thorough understanding of the policy considerations and
environmental impacts that may be associated with implementation of the proposed
action. The National Environmental Policy Act of 1969 (NEPA), as amended, provides
Federal agency decisionmakers with a process to use in considering potential
environmental impacts (both positive and negative) of proposed actions before agencies
make decisions.

National Environmental Policy Act

National Environmental Policy Act of 1969: A law that requires Federal agencies to consider in their
decisionmaking processes the potential environmental effects of proposed actions and analyses of
alternatives and measures to avoid or minimize any adverse effects of a proposed action.

Alternatives: The range of reasonable options, including not taking any action (the No Action
alternative), considered in selecting an approach to meeting the need for agency action.

Environmental Impact Statement: A detailed environmental analysis for a proposed major Federal action
that could significantly affect the quality of the human environment. A tool to assist in decisionmaking, it
describes the positive and negative environmental effects of the proposed undertaking and alternatives.

Record of Decision: A concise public record of DOE's decision, which discusses the decision, identifies
the alternatives (specifying which ones were considered environmentally preferable), and indicates
whether all practicable means to avoid or minimize environmental harm from the selected alternative were
adopted (and if not, why not).

In following this process, DOE and the Department of State prepared a draft
Environmental Impact Statement (EIS) for public comment. The Draft EIS was issued in
April 1995. Following consideration of public comments, DOE and the Department of
State have prepared this Final Environmental Impact Statement on a Proposed Nuclear
Weapons Nonproliferation Policy Concerning Foreign Research Reactor Spent Nuclear
Fuel (Final EIS). DOE's and the Department of State's decisions will be presented in a
Record of Decision to be issued not less than 30 days after issuance of the Final EIS.
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S.1.1 Policy Background

Since the 1950's, as part of the "Atoms for Peace" program, the United States has
provided peaceful nuclear technology to foreign nations in exchange for their promise to
forego development of nuclear weapons. A major element of this program was the
provision of research reactor technology and the HEU necessary to fuel the research
reactors. Research reactors play a vital role in important medical, agricultural, and
industrial applications. For example, research reactors are a vital tool in cancer therapy
and radioimmunoassay blood testing. There are about 30,000 medical procedures per day

I in North America using medical isotopes produced in research reactors in other countries.
There are also about 8,000 to 10,000 such procedures per day in Europe and a similar
number on other continents. Figure S-1 provides examples of the uses and benefits of
research reactors.

In the past, after irradiation in the research reactor, the used fuel (known as "spent") was
transported to the United States, where it was reprocessed to extract the uranium still
remaining in the spent nuclear fuel. In this way, the United States maintained complete
control over the HEU that it provided to other nations. The United States began accepting
HEU spent nuclear fuel from foreign research reactors in 1958.

The provision of enriched uranium from the United States to other nations was usually
supported by a bilateral research agreement for each research reactor. Before 1964, these
agreements provided for the lease of the enriched uranium, with explicit provision for the
return of the spent nuclear fuel to the United States. After 1964, most agreements
provided for the sale of this material to the foreign nation, and the United States began
operating under a policy known as the "Off-Site Fuels Policy," under which the United

| States continued to accept, temporarily store, and reprocess the spent nuclear fuel.

What is Spent Nuclear Fuel?

Spent nuclear fuel is fuel that has been
withdrawn from a nuclear reactor
following irradiation, the constituent
elements of which have not been
separated. When it is removed from a
reactor, spent nuclear fuel contains some
unused enriched uranium and radioactive
fission products. Because of its
radioactivity (primarily from gamma
rays), it must be properly shielded.
Nuclear fuel consists of fuel elements
which can come in many configurations.
Generally, a fuel element is covered by a
metal called cladding and is shaped like
long rods, flat plates or cylinders.

What is Enriched Uranium?

Uranium ore occurs naturally in a state
that cannot be used in most reactors or to
make nuclear weapons. Enriching the
uranium makes it easier to use in
reactors. The enrichment process
increases the amount of the fissionable
uranium-235 (235U) isotope. Uranium
enriched to contain less than 20 percent
235U is called low enriched uranium.
Uranium enriched to contain 20 percent
or greater 235U is highly-enriched
uranium that can be directly used to make
nuclear weapons.
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Uses and Benefits of Research Reactors

fe United States has participated in cooperative international actions
to expand peaceful uses of nuclear energy since the early days of the
nuclear era. The foreign research reactors program has produced

far-reaching benefits for medicine, science, industry, and the
environment.

Advances in Nuclear Medicine
Cancer therapy, medical
isotope production, clarifica-
tion of the biological effects
of radiation, development of
improved drugs, and blood
testing.

Benefits to Industry
Neutron radiography allows
dinosis of defects in metalsOan engines, research on
new and improved materials,
and leak detection.

Nonproliferation
lTraining of international
inspectors of nuclear
facilities worldwide to
prevent diversion of
nuclear materials.

Environmental, Agricultural, and
Climate Studies

Development of tracer ele-
ments for studies of pollution,
waste migration, toxic waste
management, mine drainage,
water chemistry, sediment

transport, contamination of freshwater
ecosystems, atmospheric dispersion and
fallout product measurements, and soil
erosion.

Advancement of Basic Scientific
Research

c Neutron scattering experi-
ments produce insights into
elementary particle physics,
clarification of the biostruc-
ture of organic substances,

and development of new magnetic
materials and superconducting materials.

Materials and Advanced Fuels Testing

Testing of materials and fuel forms, including safety
experimentation, is being conducted to support

O advance fuel design and waste management
development for use in the power industry.

Figure S-1 Uses and Benefits of Research Reactors
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To further reduce the danger of nuclear weapons proliferation, the United States in 1978
initiated the Reduced Enrichment for Research and Test Reactors (RERTR) program,
which was aimed at reducing the use of HEU in civilian programs by promoting the
conversion of foreign research reactors from HEU fuel to low enriched uranium (LEU)
fuel. Research reactor fuel has become the major civilian use of HEU. As part of the
RERTR program, DOE developed LEU fuel and worked with foreign research reactor
operators to convert their reactors to run on such fuel.

The foreign research reactor operators who converted to LEU fuel did so in support of
nuclear weapons nonproliferation objectives, even though such conversions were
expensive and generally resulted in reduced capabilities of the reactors and increased
operating costs. From the beginning of the RERTR program, foreign research reactor
operators made it clear that their willingness to convert their research reactors to LEU fuel
was contingent upon the continued acceptance by DOE of their spent nuclear fuel for
disposition in the United States.

In 1986, to further encourage foreign research reactor operators to convert to LEU fuel,
the DOE "Off-Site Fuels Policy" was extended to include the acceptance of spent nuclear
fuel containing LEU enriched in the United States. The RERTR program has been highly
successful and many foreign research reactors have been modified to operate, or have
been designed to operate, with the high-density LEU fuels developed by the RERTR
program. Of the 42 foreign research reactors with power levels equal to or above one
million watts that use U.S. enriched fuel, 37 could operate with the currently available
high-density LEU fuels. Of these, 25 are either operating on LEU fuel, or have ordered
LEU fuel, and DOE anticipates that an additional eight reactors will convert to LEU fuel
by 2001. Work is underway to develop improved high-density LEU fuels that would
enable the remaining HEU-fueled reactors to convert as well. Thus, the RERTR program
has contributed to a significant reduction in the level of HEU fuel usage in foreign
research reactors.

The United States accepted foreign research reactor spent nuclear fuel until the program
expired (in 1988 for HEU fuels and 1992 for LEU fuels). At that time, DOE committed to
prepare an environmental review of the impacts of extending the program for accepting
foreign research reactor spent nuclear fuel. In 1991, DOE issued an environmental
assessment of the potential environmental impacts of the proposed extension. DOE
received numerous comments from the public stating that any long-term policy should not
be implemented until an EIS was prepared. DOE decided in mid-1993 to prepare an EIS
to evaluate the impacts of implementing a new foreign research reactor spent nuclear fuel
acceptance policy.

On April 21, 1995, DOE published a Notice of Availability (60 FR 19899) of the Draft
Environmental Impact Statement on a Proposed Nuclear Weapons Nonproliferation
Policy Concerning Foreign Research Reactor Spent Nuclear Fuel (Draft EIS). Only
spent nuclear fuel containing uranium enriched in the United States would be covered
under the proposed action. The Draft EIS analyzed three Management Alternatives for
implementing the proposed action: Management Alternative 1, accept and manage
foreign research reactor spent nuclear fuel in the United States; Management
Alternative 2, facilitate the management of foreign research reactor spent nuclear fuel
overseas; and Management Alternative 3, a hybrid, or combination, of elements from the
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first two Management Alternatives. In Management Alternative 1, the Draft EIS assesses
the impacts of managing the spent nuclear fuel at five DOE sites and using ten candidate
ports of entry.

During the 90-day public comment period (April 21, 1995 to July 20, 1995), about
900 individuals attended the 17 public hearings held in or near candidate ports,
management sites, and in Washington, DC. In addition to oral comments, DOE received
approximately 5,040 written comments contained within approximately 1,250 comment
documents on a wide range of policy, economic, and technical issues. Many commentors
supported the U.S. nuclear weapons nonproliferation policy objective of seeking to reduce
the use of HEU in civilian commerce. However, comments reflected a wide range of
views as to which management alternative should be adopted. Some commentors
supported management of the spent nuclear fuel in the United States. Other commentors
questioned the need to accept spent nuclear fuel from allies and those countries that can
manage their spent nuclear fuel abroad. These commentors generally believed that such
spent nuclear fuel should be managed overseas. With regard to the implementation of the
policy in the United States, some commentors preferred the use of military ports. Risks
during transport, including those from terrorism, a sunken cask, severe shipboard fires,
and the level of emergency preparedness at ports, were frequently raised as matters of
concern.

In consideration of public comments, DOE has added information to the EIS, including:
clarification of the proposed U.S. policy on accepting spent nuclear fuel from allies;
examination of the consequences of sabotage or terrorist attack; safety of transportation
casks; re-examination of the shipboard fire analysis; and general provisions of
transportation and emergency response regulations and management. The Naval
Weapons Station at Charleston was analyzed in addition to the other terminals of the port
of Charleston that were discussed in the Draft EIS. An overview of the public comment
process is presented in Section S.5 of this EIS Summary and Volume 3 of the EIS. Each
public comment received is presented in Volume 3 with the DOE response. In this Final
EIS, DOE and the Department of State, in consultation with other government agencies
and in consideration of public comments and the EIS analysis, designated the acceptance
and management of foreign research reactor spent nuclear fuel in the United States as the
preferred alternative (i.e., Management Alternative 1 with modifications to several basic
implementation elements).

S.1.2 Purpose and Need for Agency Action

For more than 50 years, the United States has played a leading role in international efforts
to prevent the proliferation of nuclear weapons throughout the world. A key element of
U.S. nuclear weapons nonproliferation policy is to reduce international commerce
in HEU. DOE's and the Department of State's proposal to adopt a policy to manage
foreign research reactor spent nuclear fuel containing uranium enriched in the United
States is linked to U.S. efforts to convert the foreign research reactors from HEU to LEU
fuels (the latter cannot be used directly in simple nuclear weapons) and to gain worldwide
acceptance of the use of LEU fuels in new research reactors.

5
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I The failure of the United States to manage foreign research reactor spent nuclear fuel
could have a number of adverse consequences. Foreign governments and research reactor
operators participated in the RERTR program in part because the United States accepted
the spent nuclear fuel from their research reactors. The United States has not accepted
HEU spent nuclear fuel for more than six years, with the exception of recent shipments of
252 spent nuclear fuel elements (153 elements from Austria, The Netherlands, Sweden,
and Denmark, and 99 elements from Switzerland and Greece) under the Environmental
Assessment of Urgent ReliefAcceptance of Foreign Research Reactor Spent Nuclear Fuel,
April 1994. As a result, some foreign research reactor operators have run out of space to
store their spent nuclear fuel and others soon will. Under such conditions, the foreign
research reactor operators must either shut down their reactors, construct new storage
facilities, or ship the spent nuclear fuel offsite for storage or reprocessing. Currently,
overseas reprocessing results in separated HEU that is placed back into commerce for use
as new reactor fuel. The overseas reprocessing facilities (e.g., Dounreay in the United
Kingdom) currently do not have the special equipment to reprocess the high-density LEU
fuels that the United States is encouraging foreign research reactors to use to replace the
HEU fuels. Thus, in the absence of action to resolve the question of the disposition of
spent nuclear fuel, any foreign research reactor operator who reprocesses spent nuclear
fuel to control a spent fuel inventory must continue to use, or convert back to, fuel
containing HEU. Some nations, such as

l Belgium and Germany, have already begun
shipments for reprocessing. For most foreign
research reactor operators, construction of a
new storage facility would not be practical
due to the very high cost of storing small
amounts of spent nuclear fuel and the long
time required to design, license, and construct
facilities. The most realistic near-term option
for these reactor operators (particularly those
in countries without power reactor programs)
is to ship their spent nuclear fuel offsite for
reprocessing. In such a case, foreign research

l reactor operators would have little incentive
to convert their reactors to LEU fuels.

A crucial consideration in making the
proposal to manage foreign research reactor
spent nuclear fuel was the then upcoming
1995 international conference on the Treaty
on the Non-Proliferation of Nuclear
Weapons. At that conference, a major United
States foreign policy objective was reached
when the parties agreed by consensus to make
the Treaty a permanent part of the
international nuclear nonproliferation regime.
One key to the success of the conference was
the ability of the United States to convince
other Treaty parties that the nuclear weapons
States had complied with their obligations

The Treaty on the Non-Proliferation
of Nuclear Weapons

The 1968 Treaty on the Non-Proliferation
of Nuclear Weapons is the basis for the
world's nuclear weapons nonproliferation
regime. The purpose of the Treaty is to
keep the number of countries with nuclear
weapons to the five countries that possessed
such weapons before 1967: the United
States, Russia, the United Kingdom, France,
and China. In addition to the five nuclear
weapons States, 175 other countries are
members of the Treaty. On May 12, 1995,
the Review and Extension Conference of
the Parties to the Treaty agreed by consen-
sus to extend the Treaty for an indefinite pe-
riod. This accomplishment achieved a
major goal of United States foreign policy.
The obligations for compliance with the
Treaty on the Non-Proliferation of Nuclear
Weapons apply to both nuclear weapons
States and nonnuclear weapons States.
While nonnuclear weapons States agree not
to pursue development or acquisition of nu-
clear weapons or other nuclear explosive
devices, the nuclear weapons States commit
themselves to work toward the ultimate
elimination of their nuclear arsenals. All
States are thus bound to help reduce the
global threat of nuclear weapons, but must
do so without prejudice to a nation's ability
to pursue the benefits of peaceful uses of
nuclear energy.
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under Article IV of the Treaty and had shared with nonnuclear weapons States the benefits
of peaceful nuclear cooperation.

The parties also agreed to review the Treaty every five years to ensure that all parties are
in compliance. Any country which has been compelled to shut down its research reactors,
or has been forced to seek reprocessing, could accuse the United States of not having
complied with its Treaty obligations. This accusation, however ill-founded, could be
made not only by the affected countries, but by any country opposed to U.S. interests.

To illustrate the level of concern that exists, DOE has received letters from the
U.S. Department of State, the Nuclear Regulatory Commission (NRC), the Arms Control
and Disarmament Agency, and the International Atomic Energy Agency, all urging DOE
to implement a new policy to manage the foreign research reactor spent nuclear fuel. (See
Appendix G of the Final EIS.)

By proposing a policy for management of certain foreign research reactor spent nuclear
fuel, DOE and the Department of State do not seek to indefinitely accept or otherwise
manage spent nuclear fuel from foreign research reactors. Rather, the purpose of the
proposed new policy is to remove as much U.S.-origin HEU as possible from international
commerce while giving the foreign research reactor operators and their host countries time
to convert to operation with LEU fuel and to make their own arrangements for disposition
of subsequently generated LEU spent nuclear fuel. Should the proposed policy be
adopted, the foreign research reactor operators and countries in which the research
reactors are operating must be prepared to implement their own arrangements for
disposition of their spent nuclear fuel after the policy expires.

S.1.3 Decisions to be Made Based on this EIS

The principal policy decision for which this EIS will provide a basis is whether the United
States should adopt a policy for the management of foreign research reactor spent nuclear
fuel containing uranium enriched in the United States. The countries which host foreign
research reactors covered under this EIS are identified in Figure S-2.

Should a decision be made to manage this foreign research reactor spent nuclear fuel in
the United States, decisions also would have to be made on the duration of the policy,
amount of fuel to be accepted, transportation modes, ports of entry, and method of spent
nuclear fuel management (storage, chemical separation, or use of a new treatment and/or
packaging technology). Should the decision be made to facilitate management of foreign
research reactor spent nuclear fuel overseas, decisions would need to be made on what
assistance the United States would provide to foreign nations for storage or reprocessing
of the spent nuclear fuel overseas. The decisions of DOE and the Department of State will
be announced in the Record of Decision for this EIS, which will be available no less than
30 days after the Environmental Protection Agency publishes a Notice of Availability for
the Final EIS.
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S.1.4 Relationship of This EIS to Other NEPA Documentation and
Reports Relating to Spent Nuclear Fuel Management

Certain potential actions discussed in this EIS would depend on decisions to be made
under other NEPA analyses. For example, the site(s) at which foreign research reactor
spent nuclear fuel would be managed (if the spent nuclear fuel were to be accepted in the
United States) were considered in Volume 1 of the DOE Programmatic Spent Nuclear
Fuel Management and Idaho National Engineering Laboratory Environmental
Restoration and Waste Management Programs Final Environmental Impact Statement, or
"Programmatic SNF&INEL Final EIS," issued in April 1995. The five management sites
considered were: the Savannah River Site, the Idaho National Engineering Laboratory,
the Oak Ridge Reservation, the Hanford Site, and the Nevada Test Site. The Record of
Decision, issued on May 30, 1995, indicated that DOE aluminum clad spent nuclear fuel
will be managed at the Savannah River Site and other DOE spent nuclear fuel will be
managed at the Idaho National Engineering Laboratory. Accordingly, the Comment
Response Document (Volume 3) for this EIS focuses on the Savannah River Site and the
Idaho National Engineering Laboratory, although to maintain maximum consistency with
the analysis provided in the Programmatic SNF&INEL Final EIS, this EIS analyzes the
impacts of the proposed action at all five sites.

Potential chemical separation activities for nuclear materials already in inventory at the
Savannah River Site are addressed in the Interim Management of Nuclear Materials Final
Environmental Impact Statement. A Record of Decision and Notice of Preferred
Alternative was published in December 1995 in the Federal Register (60 FR 65300).
Decisions were made in the Record of Decision for the majority of materials covered by
the EIS and processing Mark-16 and Mark-22 fuels and blending down the resulting HEU
to LEU was identified as the preferred alternative. These fuels are similar to the
aluminum-based foreign research reactor spent nuclear fuel, although significant corrosion
has been identified. An amended Record of Decision is expected soon regarding the
Mark- 16 and Mark-22 spent nuclear fuel. DOE has taken into consideration the Record of
Decision on the Interim Management of Nuclear Materials Final EIS in preparation of this
EIS and in reaching a decision on how to implement the proposed policy, if adopted.

The relationship of this EIS to other DOE NEPA reviews, either completed or currently
under preparation, and other DOE analyses related to the EIS, is discussed in Volume 1,
Section 1.5 of the EIS.

S.2 Proposed Acfion and Alternafives

The proposed action is for DOE and the Department of State to jointly adopt a policy to
manage spent nuclear fuel from foreign research reactors. Only spent nuclear fuel
containing uranium enriched in the United States would be covered by the proposed
action. The purpose of the proposed policy is to promote U.S. nuclear weapons
nonproliferation policy objectives, specifically by seeking to reduce, and eventually
eliminate, HEU from civilian commerce. The proposed policy applies solely to
aluminum-based and Training, Research, Isotope, General Atomic (TRIGA) foreign
research reactor spent fuels and target material containing HEU and LEU of U.S. origin.
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To implement the proposed action, the EIS analyzes three "Management Alternatives,"
which are:

Management Alternative 1: Accept and manage foreign research reactor spent
nuclear fuel in the United States. This could be implemented by accepting foreign
research reactor spent nuclear fuel (containing HEU or LEU enriched in the United
States) for management in the United States.

Management Alternative 2: Facilitate the management of foreign research reactor
spent nuclear fuel overseas. This could be implemented by U.S. assistance in spent
nuclear fuel storage or reprocessing.

Management Alternative 3: A hybrid, or combination, of elements from the above
two Management Alternatives.

Each management alternative has further implementation components and alternatives, as
identified in Figure S-3. These are addressed in succeeding sections.

The EIS also evaluates the "No Action" alternative, in which case the United States would
take no action concerning such a policy.

DOE did not identify a preferred alternative for the management of foreign research
reactor spent nuclear fuel in the Draft EIS. After careful consideration of public
comments on the Draft EIS and other factors, DOE and the Department of State have
designated Management Alternative 1, with modifications to several basic implementation

Figure S-3 Management Alternatives of the Proposed Action
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elements, as the preferred alternative for the implementation of the proposed policy. This
preferred alternative is to accept and manage in the United States up to 22,700 elements of
foreign research reactor spent nuclear fuel containing uranium enriched in the United
States and target material. The preferred alternative is described in Section S.2.3 of this
Summary.

S.2.1 Overview of Management Alternatives to Implement the Proposed
Action

The three Management Alternatives are summarized below.

Management Alternative 1: Manage Foreign Research Reactor Spent Nuclear Fuel in
the United States

Under Management Alternative 1, foreign research reactor spent nuclear fuel, which
contains uranium enriched in the United States, would be transported to the United States
in casks designed on the basis of international regulations that are essentially identical to
those promulgated by the NRC and certified by the U.S. Department of Transportation. In
accordance with the Record of Decision for the Programmatic SNF&INEL Final EIS, all
of the aluminum clad foreign research reactor spent nuclear fuel accepted by DOE would
be managed at the Savannah River Site in South Carolina, and any other foreign research
reactor spent nuclear fuel, such as the TRIGA elements, to be accepted by DOE would be
managed at the Idaho National Engineering Laboratory, pending ultimate disposition.
Nevertheless, all five of the spent nuclear fuel management sites originally considered in
the Draft EIS have been kept in this Final EIS to maintain maximum consistency with the
analyses provided in the Programmatic SNF&INEL Final EIS. The components of the
basic implementation of Management Alternative 1 are identified in Figure S-4.

The EIS also evaluates several different options for implementing Management
Alternative 1. (Indeed, the preferred alternative incorporates a combination of various
implementation alternatives that were analyzed.) The implementation alternatives are
identified in Figure S-5. They include, for example, different time periods for the policy
duration, different storage technologies, and a chemical separation alternative to storing
the fuel.

Management Alternative 2: Facilitate the Management of Foreign Research Reactor
Spent Nuclear Fuel Overseas

This Management Alternative would require bilateral agreements between the United
States and one or more foreign governments in order to ensure consistency with
U.S. nuclear weapons nonproliferation policy. Under this Management Alternative there
are two subalternatives: one is to provide assistance to foreign nations that are able to
store their spent nuclear fuel in facilities in their own countries, and a second is to provide
nontechnical (financial and/or logistical) assistance in reprocessing the spent nuclear fuel
overseas in facilities operated under international safeguards sufficient to satisfy
U.S. nuclear weapons nonproliferation concerns.

Under the first subalternative, DOE and the Department of State would provide assistance,
incentives, and coordination for storage at one or more locations overseas, with
appropriate storage technologies, regulations, and safeguards. In the second
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Figure S-4 Basic Implementation Components of
Management Alternative I

Figure S-5 Implementation Alternatives
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subalternative, DOE and the Department of State would provide nontechnical assistance,
incentives, and coordination to foreign research reactor operators and reprocessors to
facilitate reprocessing of spent nuclear fuel overseas in facilities operated under
international inspections and safeguards. Facilities operated by the United Kingdom
Atomic Energy Authority at Dounreay, United Kingdom, and by Cogema at Marcoule,
France might be used for this purpose. After reprocessing, the recovered HEU would be
blended down to LEU at these same facilities for reuse as either LEU research reactor fuel
or commercial power reactor fuel. The high-level wastes resulting from this reprocessing
would be sent to the country in which the spent nuclear fuel was irradiated. If the
reprocessing wastes could not be sent to the country in which the spent nuclear fuel was
irradiated, such wastes would be accepted by the United States for storage and ultimate
geologic disposal.

Management Alternative 3: A Combination of Elements From Management
Alternatives 1 and 2 (Hybrid Alternative)

Under Management Alternative 3, DOE and the Department of State would combine
elements from Management Alternatives 1 and 2 to develop new alternatives for
management of foreign research reactor spent nuclear fuel in the United States or abroad.
For example, DOE and the Department of State could combine partial storage or
reprocessing overseas with partial storage or chemical separation in the United States.

The following sections discuss in more detail the implementation of each Management
Alternative.

S.2.2 Management Alternative 1 - Manage Foreign Research Reactor
Spent Nuclear Fuel in the United States

This section provides a more detailed summary of Management Alternative I and
identifies components of its basic implementation and components of various
implementation alternatives.

S.2.2.1 Basic Implementation Components

The components of the basic implementation of Management Alternative I (see
Figure S-4) provide the foundation for the analyses of impacts presented in the EIS. They
are:

. Policy Duration

* Financing Arrangement

* Amount of Foreign Research Reactor Spent Nuclear Fuel

* Location for Taking Title to Foreign Research Reactor Spent Nuclear Fuel

* Marine Transport

* Port(s) of Entry

• Ground Transport

13
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* Foreign Research Reactor Spent Nuclear Fuel Management Sites

* Storage Technologies.

S.2.2.1.1 Policy Duration

The policy duration would be the 10-year period beginning on the date when the policy
takes effect. Spent nuclear fuel containing HEU and LEU of U.S. origin that is currently
being stored or is to be generated during the 10-year policy period would be accepted.
Actual shipments of spent nuclear fuel to the United States could be made for a period of
13 years starting from the effective date of the policy implementation, as long as spent
nuclear fuel was generated within the 10-year policy period. The additional three years
would allow for a cooling time for fuel discharged from a reactor late in the policy period,
logistics in arranging for shipment of this fuel, and other unplanned for delays.

S.2.2.1.2 Financing Arrangement

The United States would bear the full cost of transporting and managing the foreign re-
search reactor spent nuclear fuel received from countries with other-than-high-income-
economies. For high-income economy countries, the United States would charge a com-
petitive fee for all spent nuclear fuel management activities conducted by the United
States.

S. 2.2.1.3 Amount of Foreign Research
Reactor Spent Nuclear Fuel

The amount of foreign research reactor spent nu-
clear fuel that would be accepted under the basic
implementation of Management Alternative 1 is up
to about 19.2 MTHM from up to approximately
22,700 individual spent nuclear fuel elements
(1 MTHM equals about 2,200 pounds).

S.2.2.1.4 Location for Taking Title to
Foreign Research Reactor
Spent Nuclear Fuel

DOE would take title to the foreign research reactor
spent nuclear fuel when the fuel entered U.S.
territorial waters (19 km or 12 miles offshore) or
crossed U.S. continental borders for shipments from
Canada.

As a comparison:

* During the last 5 decades, DOE
and its predecessor agencies
have produced, transported,
received, stored, and processed
more than 100,000 metric tons
of heavy metal (MTHM) of spent
nuclear fuel.

* Currently about 2,700 MTHM of
DOE spent nuclear fuel are
being stored at various DOE
facilities.

* Currently, about 30,000 MTHM
of spent nuclear fuel from
commercial reactors are stored
at reactor sites in the United
States.

S.2.2.1.5 Marine Transport

DOE estimates that 721 cask loads of foreign research reactor spent nuclear fuel would be
sent to the United States by ship over a 13-year acceptance period under the basic
implementation of Management Alternative 1.
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S.2.2.1.6 Port(s) of Entry

The receipt of the foreign research reactor spent nuclear fuel could occur at any of the
following candidate ports of entry:

* Charleston, SC (includes Naval Weapons Station and Wando Terminal,
Mt. Pleasant)

* Galveston, TX

* Hampton Roads, VA (includes Terminals at Newport News, Norfolk, and
Portsmouth, VA)

* Jacksonville, FL

* Military Ocean Terminal Sunny Point, NC

* Naval Weapons Station Concord, CA

* Portland, OR

* Savannah, GA

* Tacoma, WA

* Wilmington, NC

The locations of these ports in relation to the five candidate management sites are depicted
on the map in Figure S-6.

Tacoma, WA

VA

* Co[ndalPorts

* Military Ports

A, PotentislManagemenltSites

Figure S-6 Location of Potential Ports of Entry and Management Sites
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The potential ports of entry were identified using screening criteria that included
appropriate experience, safe transit, adequate facilities, and population around the ports
and along routes to potential management sites. Screening criteria were based on input
from the public (during the EIS scoping process), a U.S. Merchant Marine Academy panel
of maritime safety experts, and factors identified in Section 3151 of the National Defense
Authorization Act for Fiscal Year 1994.

S.2.2.1.7 Ground Transport

The basic implementation of Management Alternative 1 would involve transporting casks
containing foreign research reactor spent nuclear fuel by truck, rail, or barge from the
ports of entry or Canadian border crossings to potential management sites. It could also
involve later transport of the spent nuclear fuel between the management sites.

All spent nuclear fuel shipments must comply with both NRC and Department of
Transportation regulatory requirements. Specific highway routing of the cask shipments
would follow a systematic process in accordance with Department of Transportation
regulations. Shipments must also comply with NRC regulations covering physical
security and notification.

Rail routing is not covered by specific Department of Transportation and NRC
l regulations. Therefore, shippers would generally select the most direct available rail

route, which would serve to reduce travel time and radiation exposure consistent with
track class and other rail service requirements.

S.2.2.1.8 Foreign Research Reactor Spent Nuclear Fuel Management Sites

Potential sites for the receipt and management of foreign research reactor spent nuclear
fuel have been specified by DOE in the Record of Decision for the Programmatic
SNF&INEL Final EIS, which is concerned with the environmental impacts of
management of spent nuclear fuel. In accordance with this Record of Decision, all of the
aluminum clad foreign research reactor spent nuclear fuel accepted by DOE would be
managed at the Savannah River Site in South Carolina, and any other foreign research
reactor spent nuclear fuel, such as the TRIGA elements, to be accepted by DOE would be
managed at the Idaho National Engineering Laboratory, pending ultimate disposition.
Notwithstanding the Record of Decision of the Programmatic SNF&INEL Final EIS, full
analyses of all five sites are included in the EIS to maintain analytical consistency with the
programmatic analyses.

In the analyses considering use of potential management sites other than the Savannah
River Site and the Idaho National Engineering Laboratory, the near-term unavailability of
the other three candidate management sites to accept foreign research reactor spent
nuclear fuel at the beginning of the implementation period (due to lack of existing storage
capacity) would necessitate temporary receipt and storage of the spent nuclear fuel at
either the Savannah River Site or the Idaho National Engineering Laboratory. The other
three sites - the Oak Ridge Reservation, the Hanford Site, and the Nevada Test Site -
would not have facilities available for approximately 10 years. The Nevada Test Site
could receive the spent nuclear fuel in approximately five years if a decision were made to
refurbish the Engine Maintenance and Disassembly (E-MAD) facility rather than
construct a new facility.
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S.2.2.1.9 Storage Technologies

Under the basic implementation of Management Alternative 1, DOE would manage
foreign research reactor spent nuclear fuel for a period starting in 1996, and continuing for
40 years, or until ultimate disposition. The technology for safely storing spent nuclear
fuel has been in use for over 40 years in the nuclear industry. Spent nuclear fuel storage is
generally characterized as either "wet" or "dry." Wet storage means that the spent
nuclear fuel elements reside in a water-filled pool. Dry storage means that the fuel is
stored in a dry enclosed atmosphere. During the first few years, storage would take place
in existing storage facilities that use both wet and dry storage technologies. For the period
beyond those first few years, when construction of new facilities may become necessary,
the storage technology evaluated under the basic implementation is dry storage. However,
construction of new wet storage facilities is considered as an implementation alternative.
Figure S-7 depicts typical wet and dry storage facilities.

The wet pool type of spent nuclear fuel storage is used at almost every water-cooled
nuclear reactor in the world. There are currently more than 600 operating water-cooled
power and research nuclear reactors, each with an individual storage pool. Dry storage
technology involves the encapsulation of spent nuclear fuel in a steel cylinder that may be
placed in a concrete or massive steel cask or structure. Different forms of dry spent
nuclear fuel storage have been used for over 40 years in the nuclear industry. Whether
wet or dry storage is used, the facilities are designed or have been upgraded to withstand
natural phenomena such as earthquakes, floods, tornadoes, hurricanes, high and low
temperatures, and wind generated missiles (branches, poles, etc.). The designs also
include provisions to mitigate sabotage or terrorist acts.

Typical Wet Storage Facility Typical Dry Storage Facility

Figure S-7 Typical Storage Facilities
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S.2.2.1.10 Ultimate Disposition

Ultimate disposition of DOE's spent nuclear fuel, including foreign research reactor spent
nuclear fuel, is a high priority. For planning purposes, DOE has determined that its spent
nuclear fuel that is not otherwise managed (e.g., chemically separated, with the high-level
waste being converted into a vitrified glass for repository disposal) is authorized for
disposal in a geologic repository. The Nuclear Waste Policy Act of 1982 (as amended)
authorizes disposal of the foreign research reactor spent nuclear fuel in a geologic
repository (if DOE takes title to such spent nuclear fuel). However, since the repository
characterization program is in its early stages, the waste acceptance criteria for disposal of
DOE's spent nuclear fuel in a repository have not been developed. Thus, a determination
cannot be made at this time as to the requirements that must be met to allow emplacement
of the foreign research reactor spent nuclear fuel in the repository. As a result, the EIS
analysis for the time period beyond 40 years is qualitative rather than quantitative. The
qualitative assessment includes consideration of disposal of intact foreign research reactor
spent nuclear fuel, disposal of vitrified high-level waste resulting from chemical
separation, as well as utilization of various potential new technologies to process the spent
nuclear fuel into a more stable form prior to its ultimate disposition. In the event that the
availability of a geologic repository were to be delayed beyond the 40-year program
period, DOE assumed for purposes of this analysis that it would continue to manage the
foreign research reactor spent nuclear fuel, or the high-level radioactive waste resulting
from the chemical separation or other processing of such spent nuclear fuel, at the
management sites until a geologic repository becomes available. Decisions regarding the
actual disposition of DOE's spent nuclear fuel will follow appropriate review under
NEPA.

S.2.2.2 Implementation Alternatives for Management Alternative 1

This EIS also evaluates a range of implementation alternatives that modify one of the
basic implementation components of Management Alternative I (see Figure S-5). The
implementation alternatives (and implementation subalternatives) include the following:

1. Alternative amount of foreign research reactor spent nuclear fuel to be accepted:

a. Only from countries with other-than-high-income-economies (up to
1.9 MTHM; 5,000 elements)

b. HEU only (up to 4.6 MTHM; 11,200 elements)
c. Target material in addition to spent nuclear fuel (up to 0.6 MTHM; equivalent

to 620 elements)

2. Alternative policy durations:

a. Five-year policy (up to 13 MTHM; 18,800 elements)
b. Indefinite HEU/10-year LEU policy (same amount as basic implementation;

different timing)

3. Alternative financing arrangements:

a. Subsidize all countries %
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b. Charge all countries full cost of accepting and managing foreign research
reactor spent nuclear fuel

c. Subsidize other-than-high-income economy countries; charge high-income
economy countries full-cost recovery fee

4. Alternative locations for taking title:

a. Prior to shipment
b. Port(s) of entry
c. Management sites

5. Wet storage technology for new construction

6. Near-term conventional chemical separation in the United States1

a. Extent of chemical separation: dedicated to foreign research reactor spent
nuclear fuel only, or part of larger-scale DOE chemical separation activities

b. Uranium disposition: blend HEU down to LEU or process HEU to oxide for
interim storage

7. Developmental treatment and/or packaging technologies (Conduct a development
program leading to a decision on whether to construct and operate a cost-effective
new treatment and/or packaging facility. The objective of this technical strategy is
to treat, package, and store spent nuclear fuel in a manner suitable for placement
into a geologic repository.

S.2.3 Preferred Alternative

In selecting a preferred alternative for the management of foreign research reactor spent
nuclear fuel, DOE and the Department of State took several factors into consideration,
including the following:

1. U.S. Government nuclear weapons nonproliferation policies and objectives;

2. DOE responsibilities (e.g., safe handling of hazardous materials, safety/health risks
to workers, compatibility with other ongoing missions, etc.);

3. Potential environmental impacts (e.g., public safety, etc.);

4. Public comments received and concerns expressed following issuance of the Draft
EIS;

5. Analysis of impacts and alternatives in the Programmatic SNF&INEL Final EIS
(DOE, 1995c), as well as the Record of Decision for that EIS;

I Chemical separation offoreign research reactor spent nuclear fuel in existing facilities is not preferred
by DOE as a technology for routine management of spent nuclear fuel in the United States because of
the additional waste streams that would be generated when these activities are conducted. Nonetheless,
chemical separation remains a reasonable alternative in light of DOE's substantial technical expertise
in these operations and the availability of existing facilities.
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6. Estimated costs of alternatives for
management of foreign research reactor
spent nuclear fuel;

7. Public issues/concerns/perceptions (e.g.,
fairness/equity to affected States and
populations, etc.); and

8. Uncertainties (e.g., future budget priorities
and continuity of funding, technology
development, repository timing and waste
form acceptance criteria, regulatory change,
etc.).

Based on consideration of these factors, DOE and
the Department of State, in consultation with
other Government agencies, designate the alterna-
tive described below as the preferred alternative.
This preferred alternative is the same as Manage-
ment Alternative 1 (Manage Foreign Research
Reactor Spent Nuclear Fuel in the United States,
discussed in Section 2.2 of the EIS and S.2.2 of
the Summary), with the modifications discussed
below. The basic components of Management
Alternative I have been modified to incorporate
various implementation alternatives discussed in
Section 2.2.2 of the EIS and S.2.2.2 of the Sum-
mary.

The amount of foreign research reactor spent nu-
clear fuel that would be accepted and managed, as
specified in Section 2.2.1.3 of the EIS, could to-
tal approximately 19.2 MTHM, with a volume of
approximately 110 m3 (4,100 ft3), representing
approximately 22,700 individual spent nuclear
fuel elements. The target material that would be
accepted and managed, as specified in Sec-
tion 2.2.2.1 of the EIS, contains an additional
0.6 MTHM representing the uranium content of
approximately 620 additional typical foreign re-
search reactor spent nuclear fuel elements. The
following stipulations on qualifying spent nuclear
fuel types would apply:

. Spent nuclear fuel (HEU and/or LEU) would
be accepted from research reactors operating
on LEU fuel or in the process of converting to
LEU fuel when the policy becomes effective.

* Spent nuclear fuel (HEU and/or LEU) would
be accepted from research reactors which
operate on HEU fuel when the policy

- Preferred Alternative Elements

Policy: Adopt a policy to accept and manage foreign
research reactor spent nuclear fuel and target material
in the United States.

Amount of Fuel to be Accepted: Up to 19.2 metric
tons of heavy metal in 22,700 fuel elements, and
0.6 metric tons of heavy metal of target material.

Policy Duration: Ten years. Shipment to United
States could occur for 13 years.

Financing Arrangements: United States would bear

the full cost for transporting and managing the spent
nuclear fuel accepted from countries with
other-than-high-income economies, and would charge
high-income economy countries a fee.

Marine Transport: Either chartered or commercial
ships.

Ports of Entry: Military ports of Charleston Naval
Weapons Station, SC, and Naval Weapons Station
Concord, CA.

Locationfor Taking Title: Upon unloading the spent

nuclear fuel at U.S. ports of entry and at the
U.S.-Canadian border.

Ground Transport: Truck or rail.

Management Sites: Aluminum-based foreign research
reactor spent nuclear fuel and target material at the
Savannah River Site. TRIGA foreign research reactor
spent nuclear fuel at the Idaho National Engineering
Laboratory.

Management Technologies: Management of the

TRIGA foreign research reactor spent nuclear fuel at
the Idaho National Engineering Laboratory would be
based on the use of existing storage facilities with the
possible use of a new treatment and/or packaging
technology.

Management of the aluminum-based foreign research
reactor spent nuclear fuel at the Savannah River Site
would be based on the use of existing storage facilities,
development and implementation of a new treatment
and/or packaging technology, and chemical separation
if necessary.

DOE would conduct an independent study of the
nonproliferation and other implications of reprocessing
a portion of the foreign research reactor spent nuclear
fuel at F-Canyon prior to committing to the use of
reprocessing for other than health or safety reasons.
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becomes effective and which agree to convert to LEU fuel. Spent nuclear fuel
would not be accepted from research reactors that could convert to LEU fuel but
refuse to do so.

* Spent nuclear fuel (HEU) would be accepted from research reactors having lifetime
cores, from research reactors planning to shut down by a specific date while the
policy is in effect, and from research reactors for which a suitable LEU fuel is not
available.

* Spent nuclear fuel (HEU and/or LEU) would be accepted from research reactors that
are already shut down.

* Unirradiated fuel (HEU and/or LEU) from eligible research reactors would be
accepted as spent nuclear fuel.

* For research reactors with both HEU and LEU spent nuclear fuel available for
shipment, LEU spent nuclear fuel would not be accepted until the HEU spent
nuclear fuel is exhausted, unless there are extenuating circumstances (e.g.,
deterioration of one or more LEU elements sufficient to cause a safety problem).

* Spent nuclear fuel (HEU and/or LEU) would not be accepted from new research
reactors starting operation after the date of implementation of the policy.

The policy duration under this preferred alternative would be 10 years, beginning on the
date when the management policy would become effective, as discussed in Section 2.2.1.1
of the EIS. Shipments of spent nuclear fuel to the United States could be made for a
period of 13 years, starting from the effective date of policy implementation, as long as
the spent nuclear fuel had already been discharged prior to the beginning of the policy
period or is discharged during the policy period.

The aluminum-based foreign research reactor spent nuclear fuel would be managed at the
Savannah River Site and the TRIGA foreign research reactor spent nuclear fuel would be
managed at the Idaho National Engineering Laboratory, in accordance with the Record of
Decision for the Programmatic SNF&INEL Final EIS (DOE, 1995c) and the settlement
agreement reached between DOE and the State of Idaho [Public Service Co. of Colorado
v Batt, No. CV 91-0035-S-EJL (D. Id.) and United States v. Batt, No. CV-91-0054-S-EJL
(D. Id.)]. Under this preferred alternative, up to approximately 19 MTHM of
aluminum-based foreign research reactor spent nuclear fuel (approximately
17,800 elements), representing up to approximately 675 casks, and target material
representing up to approximately 140 additional casks would be accepted and managed at
the Savannah River Site. Also, up to approximately 1 MTHM of TRIGA foreign research
reactor spent nuclear fuel (approximately 4,900 elements), representing up to
approximately 162 casks would be accepted and managed at the Idaho National
Engineering Laboratory.

The candidate U.S. ports of entry are listed in Section 2.2.1.6 of the EIS and S.2.2.1.6 of
the Summary, and are described in detail in Chapter 3 of the EIS. Although all of the
candidate ports are acceptable based on the port selection criteria discussed in Appendix
D, DOE would prefer to use the military ports in proximity to the spent nuclear fuel
management sites (i.e., Charleston Naval Weapons Station and the Naval Weapons
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Station Concord). Under this preferred alternative, a maximum of 38 casks of TRIGA
foreign research reactor spent nuclear fuel (estimated to require about 5 shipments) could
be accepted at a western port, with 150 to 300 shipments being accepted via an eastern
port.

The foreign research reactor spent nuclear fuel and
target material would be shipped by either
chartered or regularly scheduled commercial ships
from the foreign ports to the United States, as
specified in Section 2.2.1.5 of the EIS.

DOE would take title to the foreign research
reactor spent nuclear fuel and target material that is
shipped by sea after it is offloaded at the port of
entry, and to the spent nuclear fuel and target
material shipped solely overland (i.e., from
Canada) at the border crossing between Canada
and the United States.

The foreign research reactor spent nuclear fuel and
target material would be transported from the
United States ports to the management sites by
truck and rail as specified in Section 2.2.1.7 and
S.2.2.1.7 of the Summary.

The financing arrangement under this preferred
alternative would be for the United States to bear
the full cost for transporting and managing the
foreign research reactor spent nuclear fuel and
target material accepted from countries with
other-than-high-income economies, and to charge
high-income economy countries a competitive fee.
The fee would be established in a Federal Register
Notice (as opposed to being published in this Final
EIS), to allow DOE flexibility to adjust the fee to
account for inflation, or changes in spent nuclear
fuel management practices in the United States.

For the aluminum-based foreign research reactor
spent nuclear fuel, a three point strategy is
proposed, as follows:

1. DOE would embark immediately on an
accelerated program at the Savannah River
Site to identify, develop, and demonstrate one
or more non-reprocessing, cost-effective'

Developmental Treatment and/or
Packaging Technology Options for

Spent Nuclear Fuel

Direct Disposal in Small Packages:
Place fuel into small waste packages
with neutron poison to control critical-
ity.

Dissolve and Vitrify: Dissolve and
mix fuel with depleted uranium to pro-
duce LEU and vitrify the mixture.

Melt and Dilute/Poison: Melt and di-
lute or mix fuel with a neutron poison.

Chop and Dilute/Poison: Chop fuel
and dilute with depleted uranium or
mix with a neutron poison.

Plasma Arc Treatment: Place fuel
into plasma centrifugal furnace with
other material to melt and convert into
a ceramic material.

Electrometallurgical Treatment: Melt
fuel in an electrolytic cell to remove
the bulk of the aluminum (for disposal
as low-level waste); vitrify the residual
aluminum, actinides and fission prod-
ucts; recover pure uranium if required.

Glass Material Oxidation and Disso-
lution System: Melt fuel with glass-
forming-materials in a glass melt
furnace to form glass.

Can-in-Canister: Place fuel, with a
critically safe quantity of uranium, in a
can and place that can into a canister
and surround with high-level waste
glass from the Defense Waste Process-
ing Facility.

Chloride Volatility: React fuel with
chlorine gas to convert all materials
into a volatile gas. Separate uranium,
actinides, and fission products by cool-
ing and distillation.

treatment and/or packaging technologies to address potential health and safety
issues that may develop and to prepare the foreign research reactor spent nuclear
fuel for ultimate disposal. The purpose of any new facilities that might be
constructed to implement these technologies would be to change the foreign
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research reactor spent nuclear fuel into a form that is suitable for geologic disposal,
without necessarily separating the fissile materials, while meeting or exceeding all
applicable safety and environmental requirements. Examples of technologies that
would be considered include: can-in-canister, chop and dilute/poison, melt and
dilute/poison, plasma arc treatment, electrometallurgical treatment, glass material
oxidation and dissolution, chloride volatility, dissolve and vitrify, direct disposal in
small packages, etc. In conjunction with the examination of new technologies,
variations of conventional direct disposal methods would also be explored. After
treatment and/or packaging, the foreign research reactor spent nuclear fuel would
be managed on site in "road ready" dry storage until transported off-site for
continued storage or disposal. DOE would select, develop, and implement, if
possible, one or more of these treatment and/or packaging technologies by the year
2000. DOE is committed to avoiding indefinite storage of this spent nuclear fuel
in a form that is unsuitable for disposal.

2. Despite DOE's best efforts, it is possible that a new treatment and/or packaging
technology may not be ready for implementation by the year 2000. It may become
necessary, therefore, for DOE to use the F-Canyon to reprocess some foreign
research reactor spent nuclear fuel elements, while the F-Canyon is operating to
stabilize at-risk materials as recommended by the Defense Nuclear Facilities
Safety Board. (For example, under current schedules this activity could take place
between the years 2000 and 2002.) In that event, the foreign research reactor spent
nuclear fuel would be converted into LEU and wastes generated during
reprocessing. Certain wastes would be vitrified in the Defense Waste Processing
Facility, while others would be solidified in the Saltstone facility. In order to
provide a sound policy basis for making a determination on whether and how to
utilize the F-Canyon for processing tasks that are not driven by health and safety
considerations, DOE will commission or conduct an independent study of the
nonproliferation and other (e.g., cost and timing) implications of reprocessing
spent nuclear fuel from foreign research reactors. The study will be initiated in
mid-1996 and will be completed in a timely fashion to allow a subsequent decision
about possible use of the F-Canyon for foreign research reactor spent nuclear fuel
reprocessing to be fully considered by the public, the Congress and the Executive
Branch agencies. Pending disposition of the foreign research reactor spent nuclear
fuel by either a new treatment and/or packaging technology or reprocessing in the
F-Canyon, the spent nuclear fuel would be placed in existing wet storage at the
Savannah River Site.

3. DOE would conduct a program of close monitoring of any foreign research reactor
spent nuclear fuel and target material that would be accepted for storage in existing
wet storage facilities. DOE is presently unaware of any technical basis for
believing that this spent nuclear fuel cannot be safely stored until one or more of
the treatment and/or packaging technologies becomes available. Nevertheless, if
health and safety concerns involving any of the foreign research reactor spent
nuclear fuel elements are identified prior to development of an appropriate
treatment and/or packaging technology, DOE would use the F-Canyon to reprocess
the affected spent nuclear fuel elements, if it is still operating to stabilize at-risk
materials.
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Because of criticality constraints stemming from the configuration of the
F-Canyon, under no circumstances would it be possible to produce separated HEU
that is suitable for a nuclear weapon. Instead, depleted uranium would be added to
the foreign research reactor spent nuclear fuel near the beginning of the
reprocessing process, so that only LEU would be produced when the uranium is
separated from the fission products. The trace quantities of plutonium in the spent
nuclear fuel would be left in and solidified along with the high-level radioactive
reprocessing wastes. This would further the President's policy to discourage the
accumulation of excess weapons-grade fissile materials, to strengthen controls and
constraints on these materials and, over time, to reduce worldwide stocks.

The TRIGA foreign research reactor spent nuclear fuel would be stored at the Idaho
National Engineering Laboratory in the Fluorinel Dissolution and Fuel Storage (FAST)
facility (wet storage) or preferably the dry storage Irradiated Fuel Storage Facility (IFSF)
and the CPP-749 dry storage area. After 2003, all foreign research reactor spent nuclear
fuel would be managed in accordance with the provisions of the settlement agreement
between DOE and the State of Idaho, until transported off-site for ultimate disposition.
Depending on the nature of any new treatment and/or packaging technology that might be
developed, the TRIGA spent nuclear fuel would also be processed using such a new
technology, if necessary for disposal.

A critical result of implementing this preferred alternative would be the continued
viability and vitality of the Reduced Enrichment for Research and Test Reactors (RERTR)
Program, whose goal is minimizing and eventually eliminating the use of HEU in civil
nuclear programs, by providing foreign research reactor operators with a continued
incentive to participate. Similarly, the successful development of alternative fuels for
research reactors and the expansion of the program to Russia, the other Newly
Independent States, China, South Africa, and other countries, and the establishment of a
world-wide norm discouraging the use of HEU, are dependent on the United States'
commitment to action such as that embodied in this preferred alternative.

DOE is aware that the inclusion of chemical separation within the preferred alternative
could be interpreted by some nations, organizations and persons as a signal of
endorsement of the use of reprocessing as a routine method of waste management for
spent nuclear fuel or a reversal of U.S. policy on reprocessing. This would not be an
accurate interpretation. The U.S. policy regarding reprocessing was established in
Presidential Decision Directive 13. DOE and the Department of State have determined
that this preferred alternative is not inconsistent with that policy. The draft version of this
EIS indicated that reprocessing is a non-preferred technology and would not be used
unless one or more of a set of specific conditions occurred (Section 2.2.2.6 of the Draft
EIS). This final preferred alternative, which includes reprocessing, establishes a
prescribed set of circumstances that would have to be met before reprocessing would be
used. The independent study discussed above in point 2 of the strategy for management
of aluminum-based spent nuclear fuel will review the policy, technology, cost and
schedule implications for reprocessing foreign research reactor spent nuclear fuel to
determine whether reprocessing of foreign research reactor spent nuclear fuel is justified
for other than health and safety reasons.
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Policy considerations and environmental impacts associated with implementation of this
preferred alternative are presented in Section 4.7 of the EIS and S.4.4.1 and S.4.4.2 of the
Summary. Cost considerations are included in Section 4.9 of the EIS and S.4.9 of the
Summary.

Basis for the Preferred Alternative - The elements of the preferred alternative discussed
above have been selected based on the following considerations:

1. Management Alternative - The various management alternatives considered are
discussed in Sections 2.2 through 2.4 of the EIS and S.2.2, S.2.4 and S.2.5 of the
Summary. The analyses in Sections 4.2 through 4.5 of the EIS and S.4.2, S.4.3,
S.4.5 and S.4.6 of the Summary demonstrate that the impacts on the environment,
involved workers, or the citizens of the United States from implementation of any
of the management alternatives or implementation alternatives analyzed (other
than beneficial impacts associated with support for United States nuclear weapons
nonproliferation policy) would be small and completely within the applicable
regulatory limits, and would not provide a basis for discrimination among the
alternatives. As a result, the process for selection of the elements of the preferred
alternative focused on programmatic considerations:

a. DOE and the Department of State concluded that the No Action Alternative
and Management Alternative 2, Implementation Alternative 1 a (Overseas
Storage) would be unacceptable since these alternatives are not consistent with
United States nuclear weapons nonproliferation policy objectives.

b. DOE and the Department of State believe that the basic implementation of
Management Alternative I would be undesirable to the extent that it would
involve indefinite storage of foreign research reactor spent nuclear fuel in a
form that is not suitable for disposal. Management Alternative 1 modified to
rely solely on Implementation Alternative 6 (Near Term Conventional
Chemical Separation in the United States) would raise nuclear weapons
nonproliferation policy questions. Management Alternative 1 modified to rely
solely on Implementation Alternative 7 (Developmental Treatment and/or
Packaging Technologies) could not be selected at this time because no
decision has been made on which technology will be pursued.

c. DOE and the Department of State also believe that Management Alternative 2,
Implementation Alternative lb (Overseas Reprocessing) would be technically
complex and potentially extremely expensive because it would require the
United States to accept reprocessing wastes from the overseas reprocessing
operations. This is due to the fact that both of the countries in which the
overseas reprocessing might be accomplished require the reprocessing wastes
to leave their countries, and many of the countries that would be covered by
the proposed policy cannot accept the return of such reprocessing wastes. The
intermediate-level radioactive wastes produced in Europe during reprocessing
of research reactor spent nuclear fuel are often in a concreted waste form,
unlike any high-level radioactive waste form in the United States. This
concreted waste form has not been evaluated for disposal in a United States
geologic repository. Accordingly, acceptance of such waste in the United
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States likely could require expensive, currently unproven treatment and/or
packaging technologies to transform it into a form that would be acceptable for
disposal.

d. The sample hybrid alternative (Management Alternative 3) analyzed in the
Draft EIS involved partial reprocessing overseas coupled with partial
management in the United States. In order for this alternative to be consistent
with United States nuclear weapons nonproliferation policy objectives, certain
conditions would have to be met by either the reprocessor (e.g., Dounreay) or
the research reactor operators. Staff from both DOE and the Department of
State have addressed this issue with representatives of the United Kingdom
Department of Trade and Industry and reactor operators, and have determined
that it would not be possible to ensure compliance with the United States
nuclear weapons nonproliferation policy objectives. The primary concern was
the inability to ensure that any separated HEU would be blended down to
LEU. Obtaining the reactor operators' agreement to such a policy would
likely require significant financial subsidies. The potential cost of achieving
agreement to blend down the uranium, plus uncertainties regarding
Dounreay's long-term availability, led DOE and the Department of State to
conclude that successful implementation of this alternative could not be relied
on.

None of the alternatives analyzed in the Draft EIS could be implemented
without some degree of difficulty. However, a modification of Management
Alternative I (Manage Foreign Research Reactor Spent Nuclear Fuel in the
United States), incorporating a combination of alternatives to the basic
implementation components balances policy, technical, cost and schedule
requirements. DOE and the Department of State consider that this approach
provides the highest assurance that programmatic requirements could be met.
This combination also provides the strongest support for United States nuclear
weapons nonproliferation policy objectives as all aspects of the alternative
would be under the control of DOE, either directly or through the spent
nuclear fuel acceptance contracts with the reactor operators.

2. Management Technology - The alternative spent nuclear fuel management
technologies considered are discussed in Sections 2.2.2.7 and 2.6.5 of the EIS and
S.2.2.1.9 and S.2.2.2 of the Summary. The approaches fall into four broad
categories, as follows:

Wet Storage - Wet storage is a proven technology, the impacts of which would be
small, and completely within the applicable regulatory limits, if it were used to
implement the proposed action. Furthermore, DOE currently has wet storage
facilities in operation at the Savannah River Site and the Idaho National
Engineering Laboratory that could be used for storage of foreign research reactor
spent nuclear fuel. However, wet storage requires attention to ensure that the
storage conditions do not foster slow degradation of the spent nuclear fuel through
corrosion.
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Dry Storage - Dry storage is also a proven technology, that would also have no
more than small impacts, completely within the applicable regulatory limits, if
used to implement the proposed action. It is the storage medium that is being
selected at all commercial power reactor sites where additional storage capacity is
being built. However, it has not been used for research reactor spent nuclear fuel
in the United States. Dry storage capacity could be provided at the management
sites in time to meet the program's projected needs, if initial spent nuclear fuel
receipts were placed into the available wet storage.

Chemical Separation - Chemical separation is also a proven technology, the
impacts of which would be small, and completely within the applicable regulatory
limits, if used to implement the proposed action. However, DOE is phasing out its
chemical separation activities and is currently reprocessing only at the Savannah
River Site to stabilize materials for health and safety reasons. Because these
chemical separations facilities could be used to treat the foreign research reactor
spent nuclear fuel, they provide a contingency to be considered pending
availability of an alternate means of treating and/or packaging the spent nuclear
fuel prior to ultimate disposition.

New Technologies - Due to concerns regarding geologic disposal of intact spent
fuel containing HEU (i.e., the possibility of uncontrolled criticality incidents),
some form of treatment of this spent nuclear fuel may be required. While several
concepts have been proposed for new treatment and/or packaging technologies,
none of them are ready for implementation at this time. Prior to a decision leading
to their implementation, additional development work would be required to
determine whether and how they could be implemented, based on technical and
cost considerations.

In order to effectively implement the preferred alternative of accepting and
managing the foreign research reactor spent nuclear fuel in the United States, DOE
and the Department of State developed the three point strategy for management of
aluminum-based spent nuclear fuel discussed earlier in this Section. This strategy
draws on the strengths of each of the spent nuclear fuel management technologies
discussed above, while avoiding sole reliance on any of them. Due to the
relatively more robust nature of the TRIGA spent nuclear fuel, DOE believes that
minimal additional development may be needed to prepare it for storage and final
disposition. Accordingly, the preferred alternative specifies that the TRIGA spent
nuclear fuel would be placed in existing dry storage facilities at the Idaho National
Engineering Laboratory. However, the program to qualify the final geologic
disposal form for the TRIGA spent nuclear fuel will continue and the appropriate
treatment, if any, would be identified and implemented.

3. Policy Duration - The alternative policy durations considered are defined in
Sections 2.2.2.1 and 2.2.2.2 of the EIS and S.2.2.2 of the Summary. Analysis of
these alternatives concluded that the 5-year option is likely to provide insufficient
time for the reactor operators to arrange for alternative spent nuclear fuel disposal
mechanisms, and thus might result in some reactor operators refusing to cooperate
fully with United States nuclear weapons nonproliferation programs. This, in turn,
could undermine international cooperation with other nuclear weapons
nonproliferation programs the United States might seek to implement.
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On the other hand, the analysis determined that there was insufficient benefit to be
gained from indefinite acceptance of all the spent nuclear fuel containing HEU
because such an approach likely would provide insufficient incentive for other
countries to proceed expeditiously with arrangements for alternative disposal
mechanisms not involving the United States.

The approach incorporated into the preferred alternative allows sufficient incentive
to the reactor operators to ensure their cooperation, while specifying a definite
cut-off point. This alternative provides sufficient lead time to allow the reactor
operators to make other arrangements for disposition of their spent nuclear fuel,
and provides sufficient time to accept all spent nuclear fuel containing HEU
enriched in the United States.

4. Amount of Material to Manage - The alternative amounts of material that might
be covered by the proposed policy are defined in Sections 2.2.1.3 and 2.2.2.1 of
the EIS and S.2.2.2 of the Summary. DOE and the Department of State concluded
that management of spent nuclear fuel only from other-than-high-income economy
countries would strongly encourage the resurgence of the use of HEU in the
high-income economy countries, as well as opening the United States, fairly or
unfairly, to charges that we are not living up to our commitments under the Treaty
on the Non-Proliferation of Nuclear Weapons. Management of only spent nuclear
fuel containing HEU would penalize those reactors that have already converted to
the use of LEU fuel, and would provide an incentive for reactors to continue to use
HEU fuel, or switch back to its use. The impacts that would result from
management of any of these different amounts of material would be small, and
within the applicable regulatory limits.

DOE and the Department of State concluded that management of all of the
aluminum-based and TRIGA foreign research reactor spent nuclear fuel currently
in storage or projected to be discharged during the policy period, and target
material containing uranium enriched in the United States, would provide the best
support for the objectives of the proposed policy. Implementation of this preferred
alternative would provide an opportunity for removal of the maximum amount of
HEU from civil commerce and would provide an incentive for the continued
conversion to and use of LEU as fuel for foreign research reactors, in place of
highly-enriched (weapons-grade) uranium.

5. Marine Transport - The alternative approaches to marine transport of foreign
research reactor spent nuclear fuel are discussed in Section 2.2.1.5 of the EIS. The
analysis in the EIS demonstrates that the impacts to the environment, workers, or
the public from transport of the spent nuclear fuel using any of these types of ships
would be small, and within the regulatory limits. The analyses do not identify any
difference in the small impacts that would result from the use of purpose-built vs.
general purpose ships. Since "military transports" are in fact the same type of
ship as the chartered commercial cargo ships and are crewed by civilians, use of
" military transports" would not actually result in any difference in impacts. DOE
and the Department of State believe that use of actual warships would be both
unnecessary from a security standpoint and could entail additional risk to the
environment and the public, since such ships do not routinely carry cargo.
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The approach selected by DOE and the Department of State for the preferred
alternative provides maximum flexibility for marine transport.

6. Ground Transport - The ground transportation alternatives are defined in Section
2.2.1.7 of the EIS and S.2.2.1.7 of the Summary. The analyses in the EIS
demonstrate that the impacts to the environment, workers, or the public, from any
of these modes of ground transport (counting barge as a mode of "ground
transport") would be small and within the applicable regulatory limits.
Furthermore, the differences in potential impacts between the truck, rail and barge
alternatives were not significant.

Both the truck and rail transportation options have been used successfully to
transport foreign research reactor spent nuclear fuel in the past. Truck transport
was the predominant mode used for over twenty years, until the old "Off-Site
Fuels Policy" lapsed in 1988. Rail was the mode used for both shipments under
the Environmental Assessment of Urgent-Relief Acceptance of Foreign Research
Reactor Spent Nuclear Fuel. Since neither of the preferred ports of entry (see item
8 below) can reasonably provide barge transport to either of the proposed
management sites, barge transport was dismissed from consideration in the
preferred alternative.

By providing for either truck or rail transport, the preferred alternative would build
on previous satisfactory experience while providing maximum flexibility for
dealing with changes in the transportation process in the future.

7. Title Transfer Location - The alternative points at which DOE might take title to
the spent nuclear fuel and target material are discussed in Sections 2.2.1.4 and
2.2.2.4 of the EIS and S.2.2.2 of the Summary. The point at which title would be
transferred has no effect on the physical processes that would take place, and thus
would not have any effect on the impacts on the environment, workers, or on the
public. The Price-Anderson Act would provide liability protection in the unlikely
event of a nuclear accident in the United States, whether or not DOE had taken
title to the spent nuclear fuel at the time of such an accident. As a result, DOE and
the Department of State concluded that the selection of the title transfer location
could be made solely on programmatic considerations.

Acceptance of title at the foreign research reactor sites could make the United
States Government liable for any accident that might occur in the country of
origin, or on the high seas. DOE and the Department of State have been unable to
identify any advantage to the United States of taking title outside the United States.

Taking title at the limit of United States territorial waters makes the title transfer
depend solely on when the ship enters United States waters, which could be
difficult for DOE to control in certain circumstances (e.g., a storm).

Acceptance of title when the foreign research. reactor spent nuclear fuel actually
enters the land mass of the United States provides the most certainty for
implementation.
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The approach incorporated into the preferred alternative ensures that liability for
accidents during the transportation process outside the United States would remain
with the reactor operators while reinforcing in the minds of the public that the
United States Government would be accountable in the unlikely event of an
accident within United States territory.

8. Ports of Entry - The alternative ports of entry considered are discussed in
Sections 2.2.1.6 and 3.2 of the EIS and S.2.2.1.6 of the Summary. The analyses in
the EIS demonstrate that the impacts on either the environment, workers, or the
public due to use of any of the potential ports of entry analyzed would be small
and within applicable regulatory limits.

Although any one or all of the ten ports of entry described in Sections 2.2.1.6 and
3.2 of the EIS would be acceptable ports of entry, DOE and the Department of
State concluded that foreign research reactor spent nuclear fuel marine shipments
to the United States should be made via the military ports (selected from among
those analyzed in the EIS and found acceptable) in close proximity to the spent
nuclear fuel management sites. DOE would seek to transport multiple casks per
ship to keep the total number of shipments as low as possible, as well as to reduce
risks. The exact number of shipments that might be made would be determined by
several factors that are unknown at this time, such as the times at which the reactor
operators need to make shipments over the 13 year shipping period, the geographic
distribution of the reactors, and the availability of suitable ships that would stop at
the required ports to pick up and drop off the spent nuclear fuel and target
material.

Use of military ports would provide additional confidence in the safety of the
shipments due to the increased security associated with the military ports. It could
also require much of the spent nuclear fuel to be shipped via chartered ships since
commercial ships would not have stops scheduled at military ports, increasing the
cost of spent nuclear fuel shipping. This additional cost would be borne by the
reactor operators for shipments from high-income economy countries, and by the
United States for shipments from other-than-high-income economy countries.
Additional costs would be kept to a minimum by shipping as many casks as
possible on each ship (up to a maximum of eight per ship).

9. Management Sites - The question of which sites should be used for management
of all of DOE' s spent nuclear fuel was addressed in the Programmatic SNF&INEL
Final EIS (DOE, 1995c). That EIS included consideration of the potential receipt
of the foreign research reactor spent nuclear fuel. The Record of Decision for that
EIS, issued on May 30, 1995, specifies that any aluminum-based foreign research
reactor spent nuclear fuel accepted in the United States shall be managed at the
Savannah River Site; and that the remaining foreign research reactor spent nuclear
fuel shall be managed at the Idaho National Engineering Laboratory. The site for
management of the target material was left to be decided under this EIS. All of the
target material currently in DOE's possession is managed at the Savannah River
Site. The approach incorporated into the preferred alternative is in compliance
with the decision specified in the Record of Decision for the Programmatic
SNF&INEL Final EIS.
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The analyses in the EIS demonstrate that the impacts to either the environment or
the public through use of any of the sites for management of the foreign research
reactor spent nuclear fuel and target material would be small, and within the
applicable regulatory limits.

10. Financing Arrangement - The alternative financing arrangements are discussed in
Sections 2.2.1.2 and 2.2.2.3 of the EIS and S.2.2.2 of the Summary. The financing
arrangement used for the proposed action would have no effect on the physical
processes that would take place, and thus would not have any effect on the poten-
tial impacts on the environment, or on the public. However, it could affect how
many foreign research reactor operators elect to ship spent nuclear fuel to the
United States. For instance, if DOE and the Department of State chose to charge a
full cost recovery fee to all reactors, many, if not all, of the reactors in other-than-
high-income economy countries would not have the financial resources to partici-
pate. On the other hand, if the United States subsidized all of the reactors, the
United States would bear the full financial burden, even for reactors which can af-
ford to pay their fair share.

DOE and the Department of State concluded that, to ensure that reactor operators
in other-than-high-income economy countries would participate in the program,
the United States should subsidize receipt of their spent nuclear fuel. DOE and the
Department of State also concluded that DOE should strive to recover as much of
the cost of managing the spent nuclear fuel as possible from high-income economy
countries. DOE concluded that it would announce the fee in a Federal Register
notice, so that the fee may be changed from time to time as necessary to reflect
inflation or improvements in DOE's knowledge concerning the costs of the
activities to be carried out.

Such an approach would encourage participation by as many other-than-high-in-
come economy countries as possible, would recover as much as possible of the
United States' expenses for management of spent nuclear fuel from high-income
economy countries without encouraging any of them to resort to reprocessing of
their spent nuclear fuel, and would provide a mechanism through which to account
for inflation and future definition of program details.

S.2.4 Management Alternative 2 - Facilitate the Management of Foreign
Research Reactor Spent Nuclear Fuel Overseas

Under this Management Alternative, DOE and the Department of State would seek to
facilitate the management of foreign research reactor spent nuclear fuel overseas in a
manner that would be consistent with U.S. nuclear weapons nonproliferation policy. DOE
and the Department of State have evaluated two subalternatives: Overseas Storage and
Overseas Reprocessing.

la. Overseas Storage

The United States would assist foreign research reactors that are able to store their
spent nuclear fuel in facilities in their own countries as a step toward final disposition.
U.S. assistance would be provided to ensure that appropriate storage technologies,
regulations and safeguards were applied.
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lb. Overseas Reprocessing

The United States would facilitate and provide nontechnical (financial and/or
logistical) assistance to foreign research reactors and reprocessors to facilitate
reprocessing of spent nuclear fuel overseas in facilities operated under international
safeguards consistent with U.S. nuclear weapons nonproliferation concerns.

The overseas reprocessing option was evaluated in light of the U.S. nuclear weapons
nonproliferation policy on HEU minimization. For example, factors such as the
following were considered:

* A commitment that HEU separated during reprocessing would be blended down
to LEU for research reactors which are converting to LEU.

* The foreign reprocessors would provide the capability to reprocess LEU as well
as HEU.

* Research reactors would be encouraged to convert to LEU if a LEU fuel exists
or is developed that will allow such operation.

Arrangements would have to be worked out with foreign reprocessors that would be
consistent with U.S. nuclear weapons nonproliferation objectives to minimize the civil use
of HEU worldwide.

S.2.5 Management Alternative 3 - Combination of Elements From
Management Alternatives 1 and 2 (Hybrid Alternative)

In implementing the proposed action, DOE and the Department of State could combine
implementation elements from Management Alternatives I and 2, such as partial storage
or reprocessing overseas with partial storage or chemical separation in the United States.

To demonstrate the kind of hybrid alternatives that could be developed, this EIS considers
the following hybrid alternative example: DOE and the Department of State would
facilitate the reprocessing of foreign research reactor spent nuclear fuel at Western
European reprocessing facilities (e.g., Dounreay or Marcoule) for research reactors in
countries that could accept the waste from reprocessing, and DOE would accept and
manage in the United States the rest of the foreign research reactor spent nuclear fuel from
countries that could not accept the waste from reprocessing. Of the foreign research
reactor spent nuclear fuel to be accepted in the United States, the aluminum-based portion
would be chemically separated at the Savannah River Site and the TRIGA portion would
be stored in existing facilities at the Idaho National Engineering Laboratory.

The impacts to the U.S. environment from hybrid alternatives would be covered by the
analyses presented in the EIS for Management Alternative 1, because the analyses for
Management Alternative I consider the maximum amount of foreign research reactor
spent nuclear fuel that could be accepted, stored, and/or chemically separated in the
United States.
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S.2.6 No Action

In the No Action Alternative, the United States would neither manage foreign research
reactor spent nuclear fuel containing uranium enriched in the United States, nor provide
technical assistance or financial incentives for overseas storage or reprocessing. In this
case, there would be no foreign research reactor spent nuclear fuel shipments to the
United States and no assistance to foreign countries for managing foreign research reactor
spent nuclear fuel overseas.

S.2.7 Characteristics of Spent Nuclear Fuel Management

This section briefly summarizes information on the characteristics of the spent nuclear
fuel to be managed, the types of transportation casks considered, management site storage
facilities, chemical separation facilities in the United States, and foreign reprocessing
facilities.

S.2.7.1 Characteristics of Foreign Research Reactor Spent Nuclear Fuel

Spent nuclear fuel is fuel that has been withdrawn from a nuclear reactor following
irradiation, the constituent elements of which have not been separated. Spent nuclear fuel
is radioactive because of the presence of the radioactive isotopes, products of the fission
process. The radiation of most concern from spent nuclear fuel is gamma rays. Although
the radiation levels can be very high, the gamma ray intensities are readily reduced by
shielding the fuel elements with such materials as steel, lead, concrete, and water during
the various phases of handling, transporting, or storing the spent nuclear fuel elements.

An issue associated with the management of spent nuclear fuel containing significant
amounts of fissionable material is the potential for a self-sustaining nuclear fission process
called criticality. Prevention of criticality conditions enters in the design of the spent
nuclear fuel transportation casks, the spent nuclear fuel storage and processing facilities,
and the spent nuclear fuel packaging for ultimate disposition. In general, criticality
prevention is accomplished by either controlling the amount of fissionable material
present within a certain volume (dilution or spatial separation techniques) or by
introducing neutron absorbing materials that reduce the number of neutrons available to
the fission process (poisoning technique).

Two types of foreign research reactor spent nuclear fuel are covered under the proposed
policy. They are the aluminum-based fuel and TRIGA-type reactor fuel. In addition to
the two types of spent nuclear fuel described above, target material is also covered under
the proposed policy. Target material is the residual material from medical isotope
production targets irradiated in research reactors.

Figure S-8 graphically depicts the differences in size of a typical pressurized water reactor
assembly, a typical aluminum-based fuel element, and a TRIGA fuel element.

33



SUMMARY

4Cb Ut Unt- rrn

eleoeb) Fuee yont for Test (c) Fuel e ntafrIGA
orReaCXOr R.eao

Figure S-8 Typical Spent Nuclear Fuel Elements

S.2.7.2 Transportation Casks

Spent nuclear fuel elements are transported in stainless steel packages, usually weighing
several tons, called transportation casks. A typical cask for the transportation of foreign
research reactor spent nuclear fuel elements is shown in Figure S-9.

The casks are designed to provide shielding from radiation. However, a low radiation
field is present outside the cask - frequently less than one millirem (mrem) per hour at
one meter (3.3 ft) away from the cask. A full cask can carry from 13 to 120 spent nuclear
fuel elements from foreign research reactors, depending on fuel element design, size, and
cask capacity. The casks that would be used to transport foreign research reactor spent
nuclear fuel to the United States are "Type B" casks designed on the basis of international
regulations essentially identical to those promulgated by the NRC and certified by the
Department of Transportation. "Type B" casks have been used for years to transport
spent nuclear fuel elements within the United States and around the world. In more than
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Figure 5-9 Typical Spent Nuclear Fuel Transportation Cask

four decades of transporting spent nuclear fuel within the United States, no accident has
ever occurred in which a "Type B" spent nuclear fuel transportation cask was punctured
or spent nuclear fuel contents released, even in actual highway accidents.

S.2.7.3 Spent Nuclear Fuel Storage Facilities in the United States

The EIS analyzes a variety of scenarios in which each site could manage foreign research
reactor spent nuclear fuel. However, as noted in S.2.2.1.8, in accordance with the Record
of Decision for the Programmatic SNF&INEL Final EIS, all of the aluminum clad foreign
research reactor spent nuclear fuel accepted by DOE would be managed at the Savannah
River Site in South Carolina, and any other foreign research reactor spent nuclear fuel to
be accepted by DOE would be managed at the Idaho National Engineering Laboratory,
pending ultimate disposition. Of the five management sites considered in the Draft EIS,
only the Savannah River Site and the Idaho National Engineering Laboratory have
facilities that could be available in 1996. The other three could become available as
management sites at a later date after construction or refurbishment of appropriate
facilities could be completed. This constraint has resulted in a two-phased approach to the
implementation of the policy. For the purpose of site impact analysis, the implementation
of the policy was divided into two functional periods -- the period during which receipt
and management of foreign research reactor spent nuclear fuel would be accomplished by
using existing facilities (Phase 1), and the period during which new or refurbished
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facilities could be used (Phase 2). The following discussion summarizes key points
concerning facility capabilities and assumptions at each site, which drive the analysis of
environmental impacts in the EIS.

S.2.7.3.1 Savannah River Site

As a potential Phase I storage site under Management Alternative 1, the Savannah River
Site would receive and manage foreign research reactor spent nuclear fuel at its existing
wet storage facilities. The Receiving Basin for Offsite Fuels and the L-Reactor
Disassembly Basin are considered for this purpose.

As a potential Phase 2 storage site, the Savannah River Site could continue to receive
foreign research reactor spent nuclear fuel in a new dry storage facility or a new wet
storage facility that would be constructed in the H-Area of the site or a refurbished
Barnwell Nuclear Fuels Plant which would have to be acquired by DOE. The spent
nuclear fuel would be managed at the new storage facility until ultimate disposition.

S.2.7.3.2 Idaho National Engineering Laboratory

As a potential Phase 1 storage site under Management Alternative 1, the Idaho National
Engineering Laboratory would receive and manage foreign research reactor spent nuclear
fuel at existing dry and/or wet storage facilities. The existing facilities identified for this
purpose would be the Fluorinel Dissolution and Fuel Storage Facility in CPP-666, the
Irradiated Fuel Storage Facility in CPP-603, and the CPP-749 storage area.

As a potential Phase 2 storage site, the Idaho National Engineering Laboratory could
continue to receive and manage foreign research reactor spent nuclear fuel at a new dry
storage or wet storage facility to be constructed at the site.

S.2.7.3.3 The Hanford Site, Oak Ridge Reservation, and Nevada Test Site

The Hanford Site, the Oak Ridge Reservation, and the Nevada Test Site could only be
Phase 2 storage sites (under Management Alternative 1) if they had been selected as
management sites under the Programmatic SNF&INEL Final EIS Record of Decision. As
noted in Summary Section S.1.4, these three sites are no longer candidates for
management of the foreign research reactor spent nuclear fuel under the Record of
Decision in the Programmatic SNF&INEL Final EIS, but are considered in this EIS in
order to maintain consistency with the analyses provided in the Programmatic
SNF&INEL Final EIS.

S.2.7.4 Chemical Separation Technology and Facilities in the United States

The EIS evaluates near-term conventional chemical separation in the United States as an
alternative method of managing foreign research reactor spent nuclear fuel. Chemical
separation involves separating the uranium in the spent nuclear fuel from the other
material (i.e., cladding material, fission products, etc.). Aluminum would be the
predominant cladding material. Waste materials would mainly be fission products, and
consist of radioactive species such as cesium and strontium. The separated uranium could
be placed into commerce as new fuel (as LEU fuel) or could require further disposition
steps. Vitrification (conversion into a solid glass form) of the high-level waste would be
the preferred waste management approach.
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An aqueous chemical method is the only processing method applied on a large scale. All
existing chemical separation plants use an extraction process that has been in use for some
40 years. Under the chemical separation implementation alternative of Management
Alternative 1, foreign research reactor spent nuclear fuel would be chemically separated at
the Savannah River Site or the Idaho National Engineering Laboratory. For purposes of
analysis, this EIS assumes that the Savannah River Site would chemically separate
aluminum-based spent nuclear fuel in the F-Canyon and the Idaho National Engineering
Laboratory would chemically separate both aluminum-based and TRIGA spent nuclear
fuel. Near-term conventional chemical separation of foreign research reactor spent
nuclear fuel at the other three proposed foreign research reactor spent nuclear fuel
management sites would not be considered since the Oak Ridge Reservation and the
Nevada Test Site do not have facilities in which such chemical separation could be
conducted, and the facilities at the Hanford Site are no longer operable. Figure S-10
provides an overview of chemical separation.

S.2.7.5 Foreign Reprocessing Facilities

Both France and the United Kingdom have modem fuel cycle facilities and offer
reprocessing services to international customers. These facilities are capable of
reprocessing spent nuclear fuel and preparing the waste products for disposal. Both
France and the United Kingdom would require the country operating the reactor to accept
the waste from reprocessing.

S.2.8 Emergency Management and Response

An emergency management and response infrastructure exists to support the
implementation of those Management Alternatives that would be carried out in the United
States, including ports of entry, ground transport routes, and management sites. In the
United States, State and local governments are required to have emergency management
and response programs. These programs must be capable of managing all hazards,
ranging from natural disasters to hazardous material incidents on a day-to-day basis.
These programs include support from special emergency response teams and emergency
operations centers.

S.2.9 Security Measures

Domestic transportation of foreign research reactor spent nuclear fuel would be under the
regulatory jurisdiction of the Department of Transportation and the NRC. In the event
that foreign research reactor spent nuclear fuel was transported through a military port of
entry, applicable requirements would be established in advance by the U.S. Department of
Defense, DOE, and NRC to provide the appropriate level of security.

The objectives of the security measures during transportation of spent nuclear fuel are to
minimize the possibilities for sabotage of spent nuclear fuel shipments, and facilitate the
location and recovery of spent nuclear fuel shipments in the unlikely event that a shipment
came under the control of unauthorized persons. Specific elements of the security
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measures to be implemented would be included in the Transportation Plan developed by
DOE in consultation with State, local, and Tribal officials prior to any actual spent nuclear
fuel shipments.

S.2.10 Additional Alternatives Considered but Dismissed from Detailed
Analysis

The EIS considered additional alternatives that were dismissed as unreasonable and
therefore were not further analyzed. These are the use of an air mode of transportation
and acceptance of foreign research reactor spent nuclear fuel only from countries that
present an actual nuclear weapons nonproliferation risk.

The air mode of transportation was not considered to be a feasible alternative to the sea
mode for transportation of the foreign research reactor spent nuclear fuel for two reasons.
First, there is no commercial operational experience in the United States with air transport
of spent nuclear fuel. Second, no spent nuclear fuel transportation cask has been certified
to meet air transport packaging standards.

Accepting foreign research reactor spent nuclear fuel only from countries posing an actual
nuclear weapons nonproliferation risk would not fully address the key U.S. nuclear
weapons nonproliferation goal of the proposed policy--namely, to reduce and eventually
eliminate the use of HEU in research reactors worldwide.

S.3 Affected Environment

The proposed action would potentially affect marine, port, transportation route, and
management site environments. Chapter 3 and Appendices A and E of the EIS describe
these potentially affected environments. Geological, chemical, physical, and biological
descriptions of the oceans are included in Chapter 3 to provide a background for the
evaluation of marine environmental effects that would result from implementation of the
proposed policy. Demographic data and description of the natural environment
surrounding candidate ports of entry and management sites follow the description of the
marine environment. The EIS also provides a description of populations residing near
representative ground and water transportation routes which could be used to transport
foreign research reactor spent nuclear fuel from candidate ports of entry to management
sites.

S.4 Policy Considerations and Environmental Impacts

The EIS assesses the policy considerations and potential environmental impacts resulting
from each of the Management Alternatives for implementation of the proposed policy,
including the preferred alternative designated by DOE and the Department of State, and
the No Action Alternative. Policy considerations are addressed by characterizing the
extent to which each of the alternatives supports the U.S. goal of nuclear weapons
nonproliferation. This characterization takes two forms: 1) estimates of the maximum
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amount of HEU that could be removed from international commerce under each
alternative, and 2) the extent to which each alternative would provide incentives for
foreign research reactor operators to convert their reactors to LEU fuel.

The environmental analyses address potential impacts to workers, the public, and the
environment. The analyses are based on conservative assumptions (that is, those that tend
to overstate the risks). In other words, the analytical approaches are designed to produce
estimates of the maximum reasonably foreseeable risks. Cumulative impacts were
determined by evaluating past, present, and reasonably foreseeable DOE and non-DOE
related activities, in combination with the alternatives. Radiological impacts were
calculated in terms of absorbed dose and associated health effects in the exposed
populations. Nonradiological impacts to the environment, namely land use, waste
management, cultural resources, aesthetic and scenic resources, geology, air quality, water
quality, ecology, noise, utilities and energy, and socioeconomics were also analyzed in
this EIS. This analysis reveals that none of the impacts clearly differentiates among the
potential management sites and the environmental impacts are estimated to be low.
Environmental justice concerns are addressed in the EIS by characterizing the distribution
of minority and low-income households near candidate ports, along transportation routes,
and near management sites. Based on the analyses in the EIS, the health and
environmental effects for the total population, including low-income and minority
populations, were found to be very low.

Implementation of the proposed action would have little effect on the social and economic
status of the general population, minority populations, and the low-income population
surrounding candidate ports, along transportation routes, and residing near management
sites. The EIS analyses show that economic benefits from increased cargo handling,
transportation, and storage at management sites would be small for the general population
or any particular segment of the population residing near ports, transportation routes and
management sites.

S.4.1 Overview of Environmental Impacts

The EIS presents impacts from potential radiological and nonradiological activities and
accidents in four segments of the potentially affected environment. These four segments
are:

* Marine transport

* Port activity

* Ground transport, and

* Management site activity.

The conclusion in each of the segments individually, and in the four segments
collectively, is that the implementation of the proposed action would present low risks to
workers and to the public. Marine transport, port, ground transport, and management site
impacts are addressed in more detail in the discussion of impacts for each of the
Management Alternatives.
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S.4.1.1 General Radiological Health Effects

One way of presenting potential impacts to human populations in the EIS is by using
radiation dose. Potential damage to human cells from radiation is measured in rem and
millirem (mrem). The U.S. government has set a limit of 5,000 mrem (5 rem) per year for
individual radiation workers and 100 mrem (0.1 rem) per year for individual members of
the public from man-made, non-medical sources. The average American receives about
300 mrem of radiation per year from natural sources such as radon gas from the earth's
soil. Living in a brick house rather than a wood-frame house can add 45-50 mrem
annually to one's dose. Living at high altitudes rather than at sea level also increases
one's dose. A single coast-to-coast flight exposes an individual to about 4 mrem.

Another way of presenting results in the
EIS is by using the concept of risk. The
most significant radiation-related illness
is the inducement and development of
cancers that may lead to death in later
years. This effect is called a latent cancer
fatality. The risks of incurring a latent
cancer fatality are estimated by
converting radiation doses into possible
numbers of future cancer fatalities.

For an exposed population group, the
latent cancer fatality number is the
chance that there would be an additional
latent cancer fatality within the exposed
group. The chance that a member of that
group would develop a latent cancer
fatality depends on the size of the
exposed group. For example, if the
estimated number of latent cancer
fatalities for a group of 100,000 people is
one, the average member of this group
would have a one in 100,000 chance of
developing a latent cancer fatality.

Radiological risk can also be expressed
for hypothetical individuals who could
record the highest possible dose in a
given situation. Examples are a seaman
who inspects the casks at sea, a port
worker who unloads the casks, a truck
driver who transports the casks to a
management site, or an individual living
at the site boundary of a management
site. When a latent cancer fatality
number is given for an individual, it,

Measuring Radiation Exposure

Potential radiological impacts are estimated for
the highest radiation dose any single person might
receive, as well as the collective dose a particular
population might receive, such as all those living
in the vicinity of a port. Two primary units of
radiation dose measurement are used in the Final
EIS to estimate these impacts: the rem and
person-rem.

The rem is a unit of radiation dose. Because
I rem is a relatively large dose, the unit actually
used most frequently is the millirem (mrem),
which is equal to 1/1000 of a rem. It is estimated
that the average individual in the United States
receives a background dose of about 300 mrem/yr
from all natural sources including radon.

Radiation dose to a population or a group of
persons is measured in person-rem. The total
population dose (all the person-rem) is
determined by adding all the individual doses in
the exposed group. This measurement is
particularly important when trying to take into
account the potential impacts of very small doses
on very large populations (for example, all those
living along a transportation route).

Using a conversion factor, the estimated doses
can be converted into possible numbers of health
effects. Because the doses predicted in this study
are far less than those known to cause immediate
illness or fatality, only delayed health effects
would occur. A delayed effect is measured in
latent (future) cancer fatalities. For the general
population, a collective dose of 2,000 person-rem
is estimated to result in one additional latent
cancer fatality within the affected population
group.

represents the chance that the exposed individual would develop a latent cancer fatality.
As a practical matter, the maximally exposed individual during incident-free operations
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Latent Cancer Fatalities Caused by Natural Background Radiation
for an Individual Member of the General Public

Dose: Radioactivity from all natural sources combined produces about a 300 mrem (0.3 rem) dose to
the average individual per year.

Probability: The probability of continuous exposure to this average dose is one.

Average Life Span: 72 years is considered to be the average lifetime.

Latent Cancer Fatalities Caused per Rem for an Individual Member of the General Public:
0.0005 latent cancerfatalities are estimated to be caused by exposure to I rem.

Calculation: Dose rate x life span x cancers caused per rem = 0.3 rem/yr x 72 yr x 0.0005 latent
cancerfatalities per rem = 0.01 latent cancer fatalities per individual lifetime.

Risk: Probability x latent cancer fatalities = I x 0.01 = 0.01 latent cancer fatalities, which is about
I chance in 100 of death from exposure to natural background radiation over a lifetime.

would be a worker because he or she would be close to the spent nuclear fuel. If
necessary, DOE would implement mitigation measures to maintain individual doses under
the regulatory limit for the general public. The doses and risks estimated in the EIS reflect
DOE mitigation efforts directed at ship crews, port workers, and truck drivers.

Radiological risks calculated in the EIS are also compared to those of common activities,
such as smoking, flying, or receiving a medical x-ray.

S.4.2 Policy Considerations and Environmental Impacts of the Basic
Implementation of Management Alternative 1

Under the basic implementation of Management Alternative 1, all the foreign research
reactor spent nuclear fuel could be accepted into the United States. Up to 4.6 metric tons
(5.1 tons) of HEU would be removed from international commerce. DOE and the
Department of State believe implementation of this alternative would promote the nuclear
weapons nonproliferation objective of reducing, and eventually eliminating, the use of
highly-enriched (weapons-grade) uranium in civil programs worldwide. The spent
nuclear fuel could be managed safely and securely at any of five management sites.

The following sections summarize the environmental impacts of the four segments of the
affected environment under the basic implementation of Management Alternative 1.

S.4.2.1 Marine Transport Impacts

The shipment of foreign research reactor spent nuclear fuel would begin with the transport
of the spent nuclear fuel from the onsite storage facility at the foreign research reactor to
the foreign port. The spent nuclear fuel would then be shipped in transportation casks by
sea (except for shipments from Canada) to a U.S. port. The potential impact of marine
transport in the territorial waters of the United States was evaluated. Because
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implementation of the proposed action could involve ocean transport, the EIS also
considers the environmental impacts on the global commons in accordance with Executive
Order 12114. Shipments of any material via ocean transport entails risks to the ship's
crew members and the environment. The risks result from transportation-related accidents
and, in the case of radioactive materials, from exposure to the material itself.

S.4.2.1.1 Impacts of Incident-Free Marine Transport

The primary impact of incident-free marine shipping of foreign research reactor spent
nuclear fuel would be upon the crews of the ships used to carry the spent nuclear fuel
casks. Members of the general public and marine life would not receive any measurable
dose from the spent nuclear fuel during marine transport. The crew would normally be
separated from the cargo and shielded from radiation emitted from the cask by both the
ship's structure and other cargo, resulting in small risk to the crew during most crew
activities. Crew exposure would primarily be limited to crew members exposed during
the loading and off-loading of the spent nuclear fuel casks and to crew members who
would inspect the cargo daily to ensure secure stowage and operational safety of the
vessel. This exposure from loading, inspection, and unloading of the casks would pose
the highest radiation risk during incident-free marine transport.

An estimate of the maximum radiation dose that a member of a ship's crew might receive
during an incident-free voyage of 21 days carrying foreign research reactor spent nuclear
fuel is approximately 66 mrem. If this same crew member were to be involved in multiple
voyages per year, then the yearly dose to this individual could exceed the DOE and NRC
annual limit of 100 mrem per year for the public. Although this situation is not likely to
occur, DOE would implement a system to track, through the contracted shippers, each
ship and crew member involved in the shipment of foreign research reactor spent nuclear
fuel. A clause in the contract for shipment of foreign research reactor spent nuclear fuel
would require that any crew member approaching the 100 mrem per year limit be rotated
to another job.

Nonradiological impacts were found to result in a small impact on the health of the public
and workers. The number of shipments necessary to transport about 720 transportation
casks would result in a minimal change in the number of ocean crossings by transport
vessels. No increase in the exposure of the public to ship exhaust emissions or marine
transport-related accidents is anticipated.

S.4.2.1.2 Impacts of Accidents During Marine Transport

The EIS analyzes two kinds of ocean accidents: 1) a ship collision, which in this EIS was
assumed to result in damage to the cask and an on-board fire, and 2) loss of a cask at sea,
where the cask sinks, and seawater penetrates the cask seals. However, the probability of
a collision or fire resulting in a cask breach is low. The probability of a large radiation
release is low because the spent nuclear fuel is a solid metal. In the type of collision or
fire that could breach the cask and liberate significant quantities of radiation, the major
impact on the crew would be the collision or fire, not the radiation. The radioactive
particles dispersed over the ocean would not be in large enough amounts to have a
measurable impact on the environment.
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Immersing a cask in water does not cause the radioactive contents to be released
immediately. Casks can be recovered in coastal waters and much deeper waters with
modem technology. Thus, if a cask were to fall overboard in U.S. coastal waters or inland
waters, DOE would employ modern underwater search techniques to locate and recover
the cask, thus minimizing the potential impacts to marine life. Outside U.S. coastal
waters, if a cask were to sink, modem technology would be used, if possible, in an effort
to retrieve the cask. If the cask could not be recovered, seawater would penetrate the cask
seals and corrode the spent nuclear fuel. There is no mechanism, however, by which the
seawater entering the cask could be forced out of the cask. Thus, the radioactive material
would escape from the cask at a very low rate and would have a very small effect on the
marine environment.

S.4.2.2 Port Activities Impacts

Ports having high-, medium-, and low-population density and covering the Atlantic,
Pacific, and Gulf coasts were analyzed. The risk of incurring latent cancer fatalities was
found to be so low that the most likely outcome would be zero latent cancer fatalities due
to accidents at ports. Calculations for incident-free and accident conditions clearly
demonstrate that for the general population, including minority and low-income groups,
the impacts would be very low. In consideration of environmental justice concerns, the
EIS analyzed the characterization and distribution of minority and low-income households
near candidate ports of entry. Minority and low-income populations living near the
potential ports of entry would not be subjected to any greater impacts than the general
population. Therefore, these populations would not receive disproportionately high and
adverse impacts, but would be subject to the same very low impacts as would the general
population.

Implementation of the proposed action would have few nonradiological effects on the
environment at candidate ports, including the social and economic status of the general
population, minority populations, and the low-income population surrounding candidate
ports. The EIS analyses show that economic benefits resulting from increased cargo
handling and transportation in the port area would be small for the general population, or
any particular segment of the population, residing near candidate ports.

S.4.2.2.1 Impacts of Incident-Free PortActivities

The incident-free risks would predominantly be those to inspectors and port workers who
would handle spent nuclear fuel casks. Based on the time to conduct port activities and
the distances from the cask to the worker during these activities, a maximum dose (higher
than the limit of 100 mrem per year) could result if the same individual inspected every
shipment. This risk is not likely to occur, however, due to the fact that the same
inspectors and port workers would not likely be responsible for all the shipments made in
a given year. Nevertheless, DOE would mitigate this effect by implementing a system to
track each inspector and port worker involved in the handling of foreign research reactor
spent nuclear fuel to ensure that other inspectors or port workers would be used if any of
these individuals approach a 100 mrem dose in any year.
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S.4.2.2.2 Impacts of Accidents During PortActivities

Marine accidents could occur in the open ocean or in coastal passages. Taking into
account the severity of the accident (i.e., severe collision with and without severe fires),
the probability of the accident (i.e., the more severe the accident the less likely it is), the
location of the accident (i.e., in the harbor channel or at the dock), meteorology, and
nearby populations, the highest estimated risk of cancer for the entire population over the
entire foreign research reactor spent nuclear fuel program is less than one in 10,000. This
translates into less than one additional latent cancer fatality for the affected port
population. The highest estimated risk to the maximally exposed individual of a future
cancer death is less than one in a billion.

S.4.2.3 Ground and Barge Transport Impacts

Foreign research reactor spent nuclear fuel is transported in large, heavy transportation
casks designed and constructed to contain radioactivity during severe transportation
accidents. The NRC has estimated that transportation casks will withstand 99.4 percent of
truck and rail accidents without breaching the cask. Only in severe accident conditions,
which are of low probability, could the transportation cask be so damaged that there
would be a reasonable possibility of release of radioactivity to the environment. Since
1949, there have been 21 incidents involving vehicles carrying irradiated fuel elements.
None of these incidents resulted in damage to the structural integrity of the spent nuclear
fuel transportation cask or release of the radioactive contents. The EIS calculations for
incident-free and accident conditions demonstrate that for the general population the
impacts would be low. Minority or low-income populations living near these routes
would not be subjected to any greater impacts. Therefore, these populations would not
receive disproportionately high and adverse impacts, but would be subject to low impacts
as would the general population.

Impacts from barge transportation were also evaluated as a substitute for truck or rail
transport. The only two locations where barge transport is feasible are from the Port of
Portland, OR, up the Columbia River to the Hanford Site in Washington, and from the
Port of Savannah, GA, up the Savannah River to the Savannah River Site in South
Carolina. The net result is that the foreign research reactor spent nuclear fuel could be
transported by barge with approximately the same level of risk to workers and the public
as if it was transported by truck or rail. This level of risk is very low.

Implementation of the proposed action would have extremely low nonradiological effects
on the environment along transportation routes, including the social and economic status
of the general population, minority populations, and the low-income population residing
along transportation routes. The EIS analyses show that economic benefits resulting from
increased transportation of cargo along transportation routes would be small for the
general population, or any particular segment of the population residing along
transportation routes.
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S.4.2.3.1 Impacts of Incident-Free Ground Transport

For incident-free ground transport, the radiological impacts result from the radiation field
that surrounds the cask. Impacts are estimated for workers and the population along the
transportation route. These impacts were quantified as the estimated number of
radiation-related cancer fatalities and the estimated number of nonradiological fatalities
from vehicular emissions and traffic accidents.

Allowing for transport by truck and/or rail, and assuming a wide range of inter-site
shipments (depending on the management site(s) chosen for the program), the
incident-free ground transport of foreign research reactor spent nuclear fuel in the United
States is estimated to result in up to 0.30 (i.e., less than one) latent cancer fatalities over
the entire duration of the program. This includes risk to both the public and the
transportation workers. In other words, DOE and the Department of State would not
expect any fatalities from cancer as a result of the ground transport of spent nuclear fuel if
the proposed policy were implemented.

In the case of truck transport, truck driver(s) would be monitored for radiation dose. The
regulatory limit of 100 mrem per year would never be reached during any single
shipment, but the same driver could be used for multiple shipments throughout the year.
DOE would implement mitigation measures through the foreign research reactor spent
nuclear fuel acceptance contracts to ensure that each individual driver's dose remains
below the regulatory limit. Should any individual truck driver's accumulated dose
approach the 100 mrem limit in a year, DOE would require that a new driver(s) be used to
keep each individual driver's dose below the regulatory limit.

S.4.2.3.2 Impacts of Accidents During Ground Transport

The most severe ground transport accidents would be truck or train crashes, followed by a
large fire. Although this type of accident is highly unlikely, total ground transportation
accident risks would be up to 0.00028 latent cancer fatalities from radiation and up to
0.14 for traffic fatalities depending on the transportation mode and foreign research
reactor spent nuclear fuel management sites. The radiological risk of 0.00028 latent
cancer fatalities means that the chance of any additional cancers among the population due
to a ground transport accident is less than one in 1,000. The risk of 0.14 for a traffic
fatality means that, under these conservative assumptions, there would be a 14 percent
chance of a traffic fatality.

For the maximally exposed individual member of the public along the transportation
route, the radiological risk from ground transport accidents would be 0.000000000014, or
less than one chance in 10 billion of that individual incurring a fatal cancer.

The use of NRC- and Department of Transportation-approved routes and the development
of specific foreign research reactor spent nuclear fuel transportation plans that would
incorporate and integrate State and local emergency response plans would increase
emergency responder effectiveness and reduce the potential consequences of a foreign
research reactor spent nuclear fuel accident.
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S.4.2.4 Foreign Research Reactor Spent Nuclear Fuel Management
Site Impacts

The EIS examined the potential environmental impacts resulting from activities at the
proposed management sites under the basic implementation of Management Alternative 1.
The analysis examined environmental topics including land use, socioeconomics, cultural
resources, aesthetic and scenic resources, geology, air quality, water quality, ecology,
occupational and public health and safety, noise, traffic and transportation, utilities and
energy, and waste management. The analysis showed that at any of the proposed spent
nuclear fuel management sites (the Savannah River Site, the Idaho National Engineering
Laboratory, the Nevada Test Site, the Oak Ridge Reservation, and the Hanford Site), the
potential impacts on the environment would be low. Further, there were no major
differences among the spent nuclear fuel management sites for any of these environmental
topics.

Potential radiation exposures to workers and the public at the management sites would be
low. The EIS characterized the number and location of minority and low-income
populations residing near candidate management sites. Minority or low-income
populations living near the proposed management sites would not be subjected to any
greater impacts. Therefore, these populations would not receive disproportionately high
and adverse impacts. Rather, they would be subjected to very low impacts as would the
general population.

Implementation of the proposed action would have few nonradiological effects on the
environment at management sites, including the social and economic status of the general
population, minority populations, and the low-income population surrounding
management sites. The EIS analyses show that the economic benefits resulting from
increased cargo handling, transportation, and storage at management sites would be small
for the general population or any particular segment of the population residing near
management sites.

S.4.2.4.1 Impactsfrom Incident-Free Management Site Activities

The EIS analyses show that the risk to the maximally exposed individual member of the
public from incident-free operations on DOE's spent nuclear fuel management sites would
be 0.00000014 latent cancer fatalities for the duration of the foreign research reactor spent
nuclear fuel receipt period. This hypothetical individual would be living at the site
boundary of the Oak Ridge Reservation. This represents less than one chance in
one million that this hypothetical individual would develop a latent cancer fatality due to
the proposed spent nuclear fuel management activities.

The greatest population risk to the public living near any of DOE's spent nuclear fuel
management sites would be 0.00027 latent cancer fatalities resulting from the combination
of Phase I (i.e., near-term) receipt and storage of foreign research reactor spent nuclear
fuel at the Savannah River Site and Phase 2 (i.e., future) receipt and storage at the
Oak Ridge Reservation.

The highest estimated population risk to the workers who perform foreign research reactor
spent nuclear fuel handling operations would be 0.21 latent cancer fatalities resulting from
the combination of the near-term receipt and storage of foreign research reactor spent
nuclear fuel at the Idaho National Engineering Laboratory, and the future receipt and
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storage at a different site. The maximum exposure to an individual worker was not
calculated due to the large uncertainties involved with such calculations. A very
conservative upper bound, however, would be the regulatory limit of 5,000 mrem per
year, which translates to 0.026 latent cancer fatalities for workers receiving such a dose
for the 13-year period during which receipts could take place.

S.4.2.4.2 Impacts of Accidents During Management Site Activities

The analysis of hypothetical accidental radioactive releases included meteorological
conditions at the sites, population distributions, and food production and consumption
rates within 80 kilometers (50 mi) of the storage location. Accident scenarios consisted of
fuel assembly breach, dropped fuel cask, aircraft crash with and without fire, and
accidental criticality. Consequences were estimated for a member of the public at the
nearest site boundary and the population within 80 kilometers (50 mi) of the management
site.

The highest estimated risk of incurring a latent cancer fatality for the maximally exposed
individual member of the public would be 0.000010 for the duration of the foreign
research reactor spent nuclear fuel receipt and storage period at the Oak Ridge
Reservation. This represents one chance in 100,000 that this hypothetical individual
would develop a latent cancer fatality. The greatest population risk to the public would be
0.11 latent cancer fatalities resulting from hypothetical accident conditions during Phase I
receipt and storage at the Savannah River Site followed by Phase 2 receipt and storage at
the Oak Ridge Reservation.

S.4.2.4.3 Other Potential Environmental Impacts from Management Site
Activities

The EIS characterized each environmental component that would be impacted by site
activities resulting from the basic implementation of Management Alternative 1.

Land Use. For all proposed management sites, unless all of the spent nuclear fuel is
chemically separated or otherwise processed, new storage facilities for spent nuclear fuel
including foreign research reactor spent nuclear fuel would be built on land previously
disturbed or designated for industrial use. No additional land outside of the existing sites
would be required for foreign research reactor spent nuclear fuel storage. The largest land
use impact would be 16 ha (40 acres) at Oak Ridge Reservation to construct a new dry
storage facility (less than 0.1 percent of the total site).

Socioeconomics. No construction personnel would be needed for existing facilities, and
no more than 240 workers per year (peak) would be needed to build a new dry storage
facility. Annual staffing requirements for operations would be about 30 full-time
employees during receipt and 8 full-time employees during storage for a new dry storage
facility. This would represent 0.15 to 0.9 percent of the existing work force at any of the
proposed sites. No new hiring would be expected because most positions would be filled
by reassignments of the existing work force. Even if all operational positions were filled
by new hires, this would represent a small increase in regional employment.

Cultural Resources. Although most of the potential management sites contain areas of
archaeological, cultural, or historic interest, little or no direct impacts on cultural resources
would be expected because of the location of the storage facilities. However, site surveys
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would be conducted prior to construction. In the event that cultural resources were found,
the State Historic Preservation Officer would be contacted. Tribal leaders would be
contacted if any Native American resources were found.

Aesthetic and Scenic Resources. New storage facilities would be located far from public
view in areas previously disturbed or designated for industrial use. Construction activities
would generate dust that could temporarily affect visibility. Every effort would be made,
however, to minimize such conditions. Facility operations would not produce emissions
that would affect visibility.

Geology. Except for the potential existence of gold, tungsten, and molybdenum at Nevada
Test Site, geologic resources consist of sand, gravel, or clay deposits, all of which have
low economic value. Construction activities would disturb these surface deposits, but
because of the large volume of these materials on the potential sites, the impact would be
small.

Air Quality. Construction activities would cause temporary, minor increases in dust
emissions, but the use of standard dust-suppression techniques would mitigate this
problem. Overall, particulate emissions during construction could temporarily affect
visibility in localized areas but would not exceed Federal or State requirements.

Water Quality. Water consumption during construction would require very small
amounts of water when compared to daily water usage at the proposed management sites.
During operations, the maximum annual water consumption would be about 2.1 million
liters (550,000 gal). This amount represents no more than 0.2 percent of the annual water
consumption at any of the proposed foreign research reactor spent nuclear fuel
management sites. At the Nevada Test Site, where available water is limited, a
cumulative water supply impact would be significant from activities other than foreign
research reactor spent nuclear fuel management, but the foreign research reactor spent
nuclear fuel management contribution would be very small. Under normal operations,
there would be no direct discharge or effluent to ground or surface waters from a new dry
storage facility.

Ecology. During construction of new facilities, individual or small populations of some
wildlife species could be disturbed, displaced, or destroyed. However, the size of the
affected areas would be small compared to the size of the remaining natural habitats.

Noise. Construction activities would generate noise levels consistent with light industrial
activity. Based on existing studies, these noises would not be expected to propagate
offsite at levels that would affect the general population. Noises generated during
operations would be less than that during construction.

Materials, Utilities, and Energy. For existing facilities, incremental increases in
materials, utilities, and energy would be very small. New dry storage facilities would
result in increased demands on water, power, and sewage. Increased water usage during
construction would add no more than 0.2 percent to existing site-wide levels. Increased
annual electricity requirements would be about 800 to 1000 megawatt-hours per year.
Increased sewage generation would be less than one percent above existing site-wide
levels. At the Nevada Test Site, a central sewage system would have to be constructed for
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spent nuclear fuel management activities, including foreign research reactor spent nuclear
fuel storage facilities. However, all other existing system capacities would manage the
estimated increases for materials, utilities, and energy.

Waste Management. At all proposed foreign research reactor spent nuclear fuel
management sites, the amount of waste generated from foreign research reactor spent
nuclear fuel storage would be very small when compared to annual waste projection for
each site, and could be handled by existing capacity at each site.

S.4.2.4.4 Cumulative Impacts at the Management Sites

The contribution to cumulative impacts from activities required for foreign research
reactor spent nuclear fuel storage at any site would be very small in comparison with other
spent nuclear fuel management activities and even smaller in comparison with other
ongoing and reasonably expected non-spent nuclear fuel-related projects. A cumulative
impact results from the incremental impact of a contemplated action added to the impacts
of other past, present, and reasonably foreseeable future actions.

S.4.2.4.5 Impacts of Ultimate Disposition

Because title to the foreign research reactor spent nuclear fuel would pass to the United
States if the proposed policy were adopted and foreign research reactor spent nuclear fuel
were accepted into the United States, the Nuclear Waste Policy Act provides authority for
its disposal in a geologic repository. A separate environmental evaluation of proposed
geologic disposal activities would be conducted prior to such disposal.

It is possible that the foreign research reactor spent nuclear fuel could be accepted intact in
a geologic repository. If DOE determines that geologic disposal of intact foreign research
reactor spent nuclear fuel is possible, then there would be no onsite impacts beyond those
associated with storage and packaging of the foreign research reactor spent nuclear fuel.

It is also possible that some form of processing (e.g., that associated with the new
treatment technologies that would be examined under the preferred alternative) could be
necessary to convert foreign research reactor spent nuclear fuel into a more stable form
prior to its ultimate disposal. This processing could be a near-term new treatment
technology, conventional chemical separation, or a new treatment technology that is
implemented after an interim period of storage. The environmental impacts of such
processing activities in the future cannot be precisely estimated at this time because the
processes that might be used have not been fully developed. DOE expects that any new
technology would produce no greater impacts than those that resulted from historical
reprocessing activities in the United States. Therefore, the impacts of near-term treatment
of the foreign research reactor spent nuclear fuel would be no greater than the impacts of
chemically separating the same material as analyzed in the EIS. If a new treatment
technology is implemented after an interim period of storage and technology
development, then DOE expects that it would provide substantial improvements over
conventional chemical separation.

When disposal space is available, DOE would transport the intact or processed foreign
research reactor spent nuclear fuel to a repository. This transportation would be expected
to produce impacts similar to the ground transportation impacts discussed in
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Section S.4.2.3 of the Summary. After emplacement in a geologic repository, however,
DOE expects there would be no more impacts to workers, the public, or the environment
because the radioactive material would be effectively isolated.

In the event that the geologic repository were to be delayed, DOE assumed for the
purposes of this analysis that it would continue to manage the foreign research reactor
spent nuclear fuel, or the high-level radioactive waste form resulting from the chemical
separation or other processing of such spent nuclear fuel, at the management sites until a
geologic repository becomes available. The risk associated with this continued
management is low and would not exceed the annual risk discussed in Section S.4.2.4. 1.

S.4.3 Policy Considerations and Environmental Impacts from
Implementation Alternatives of Management Alternative 1

In addition to the basic implementation of Management Alternative 1, the EIS analyzed
implementation of Management Alternative I by various other means. The range of these
implementation alternatives (which are variations on the basic implementation), deals
with: 1) different amounts of material to be accepted; 2) different policy durations;
3) different financial arrangements; 4) alternative locations for taking title; 5) wet storage
technology for new construction instead of new dry facilities; 6) near-term conventional
chemical separation in the United States instead of interim storage in the United States;
and 7) development and use of new treatment and/or packaging technologies instead of
conventional chemical separation or storage. A discussion of the policy considerations
and environmental impacts for each of the implementation alternatives follows. The
impacts reported below cover the full range of activities (i.e., marine transport, port
activities, ground transport, and site management activities) necessary to carry out the
particular implementation alternative.

S.4.3.1 Implementation Alternative 1: Different Amounts of Material

The EIS evaluated impacts from accepting two different amounts of foreign research
reactor spent nuclear fuel, plus target material, under this implementation alternative.
These impacts are discussed below.

Implementation Subalternative la: Accept Foreign Research Reactor Spent Nuclear
Fuel Only From Countries with Other-Than-High-Income-Economies

By excluding high-income economy countries, this subalternative would have adverse
consequences for U.S. nuclear weapons nonproliferation policy. The amount of HEU
that could be removed from international commerce under this implementation
subalternative is less than ten percent of the amount that could be removed under the
basic implementation. Furthermore, if this was the only spent nuclear fuel accepted,
research reactor operators in high-income economy countries would be likely to
implement several measures contrary to U.S. nuclear weapons nonproliferation
policy, such as delaying or canceling plans to convert to LEU fuel, or, in some cases,
reconverting from LEU to HEU fuel. The environmental impacts would be reduced
in comparison with the basic implementation in direct proportion to the reduced
amount of spent nuclear fuel accepted.
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. Implementation Subalternative Ib: Accept Only HEU Foreign Research Reactor
Spent Nuclear Fuel

Foreign research reactor operators have stated that they would not participate in the
Reduced Enrichment for Research and Test Reactors Program unless the United
States accepts their spent nuclear fuel, including LEU spent nuclear fuel. Thus, this
implementation subalternative could result in the end of that program. Furthermore,
this implementation subalternative would be contrary to the broader U.S. nuclear
weapons nonproliferation policy. Since the number of elements in this
implementation subaltemative is about half the number of elements in the basic
implementation, the potential environmental impacts would be approximately half of
those calculated for the basic implementation.

. Implementation Subalternative Jc: Accept HEU and LEU Target Material in
Addition to Foreign Research Reactor Spent Nuclear Fuel

This implementation subalternative would remove the most HEU from civil
commerce and provides the most support to U.S. nuclear weapons nonproliferation
policy. Acceptance of this material in addition to the spent nuclear fuel would give
incentives to reactor operators producing radioisotopes to switch from HEU targets to
LEU targets, thus removing additional HEU from future international civil commerce.
As with the basic implementation, acceptance of this additional material would have a
small impact on all environmental, health, and safety issues. The dose rate from casks
loaded with target material would be lower than the dose rate from casks loaded with
foreign research reactor spent nuclear fuel. Up to 140 additional cask shipments are
estimated to be needed for this material. These cask shipments would include up to
125 overland Canadian shipments. The environmental impacts are expected to be
slightly higher than those associated with the basic implementation due to these
additional cask shipments. The total incident-free population risk to the exposed
public and workers would be 0.58 latent cancer fatalities as compared with 0.55 latent
cancer fatalities under the basic implementation of Management Alternative 1.

S.4.3.2 Implementation Alternative 2: Alternative Policy Durations

The EIS evaluates the impacts of reducing the policy duration to 5 years of spent nuclear
fuel acceptance or of continuing the policy for acceptance of HEU spent nuclear fuel
indefinitely and LEU for 10 years.

* Implementation Subalternative 2a: 5-Year Policy

The amount of HEU that could be removed from international commerce under this
implementation subalternative is about 88 percent of the amount that could be
removed under the basic implementation. The 5-year policy would accelerate the
point at which the foreign research reactor operators and governments would become
responsible for disposal of their own spent nuclear fuel. This may not be enough time
for some countries, especially other-than-high-income economy countries, to make
arrangements for alternative means of managing their spent nuclear fuel.
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Under this implementation subalternative, approximately 81 percent of the total
number of shipments under the basic implementation would be needed. The
environmental impacts under this implementation subalternative would be reduced as
compared with the basic implementation in direct proportion to the lesser amounts of
foreign research reactor spent nuclear fuel accepted. As in the basic implementation,
the effects would be small and no fatalities from cancer or accidents would be
expected.

Implementation Subalternative 2b: Indefinite HEU/10-Year LEU Policy

The amount of spent nuclear fuel would be the same as in the basic implementation-
only the timing for shipment of the HEU spent nuclear fuel would be different.
Indefinite acceptance of HEU would promote U.S. nuclear weapons nonproliferation
goals by allowing more time to remove the HEU from international commerce. The
potential environmental impacts would be the same as or slightly lower than those of
the basic implementation. Delaying the acceptance of a small fraction of the total
amount of foreign research reactor spent nuclear fuel accepted would have a very
small effect.

S.4.3.3 Implementation Alternative 3: Alternative Financing Arrangements

The EIS evaluated three alternative financing arrangements. These are: 1) subsidize all
countries; 2) charge all countries the full cost of accepting and managing their spent
nuclear fuel; and 3) subsidize other-than-high-income economy countries and charge
high-income economy countries the full cost of managing their spent nuclear fuel. The
first financing arrangement would be the most expensive for the United States, while the
second would cost the United States nothing, and the third would fall somewhere in
between.

These financing arrangements could have an indirect effect on the environmental impacts
of accepting foreign research reactor spent nuclear fuel because the number of foreign
research reactor operators participating in the program would depend on the fee the
United States proposed to charge. The indirect effects are impossible to quantify, but
would only result in a reduction in the amount of HEU removed from international
commerce and in the environmental impacts on United States territory.

S.4.3.4 Implementation Alternative 4: Alternative Locations for
Taking Title

The EIS evaluated alternative locations for taking title. These include: prior to shipment;
at the port(s) of entry; and at the proposed foreign research reactor spent nuclear fuel
management site(s).

The environmental impacts of the proposed foreign research reactor spent nuclear fuel
program are not affected by who the owner of the spent nuclear fuel is or the point at
which title is transferred. The Price-Anderson Act would apply to the spent nuclear fuel
shipments, once they arrive in territorial United States, regardless of who holds title to the
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fuel. Thus, there would be no change in the liability protection provided to the citizens of
the United States, no matter where DOE would take title. Ownership would not affect
shipping arrangements and precautions, or liability protection, other than to increase
DOE's potential liability if DOE were to take title before shipment.

S.4.3.5 Implementation Alternative 5: Wet Storage Technology for
New Construction

Wet storage technology was evaluated under the EIS as a site storage option for Phase 2
storage. At the conclusion of Phase 1, the spent nuclear fuel could be stored in new wet
storage facilities or in one non-DOE facility (Barnwell Nuclear Fuels Plant) located
adjacent to the Savannah River Site which could be acquired and refurbished for use as a
wet storage facility. This implementation alternative would support U.S. nuclear weapons
nonproliferation policy to the same extent as the basic implementation.

Impacts to the health and safety of the public and workers would be similar to those
discussed for new dry storage in the basic implementation. The risk of an accidental
criticality, however, is higher for wet storage technology than for dry storage technology.
Thus, the total population risk to the public due to accident conditions would be
0.16 latent cancer fatalities under this implementation alternative, compared to 0.11 latent
cancer fatalities under the basic implementation.

The highest maximally exposed individual risk to the public due to accident conditions
would be 0.00015 latent cancer fatalities under this implementation alternative, which is
the highest of all the alternatives. This individual's chance of incurring a latent cancer
fatality would be less than two in 10,000.

S.4.3.6 Implementation Alternative 6: Near-Term Conventional Chemical
Separation in the United States

The EIS evaluates near-term conventional chemical separation at the Savannah River Site
and the Idaho National Engineering Laboratory for five key environmental impacts;
1) waste management; 2) air quality; 3) water quality; 4) occupational and public health
and safety; and 5) socioeconomics. The facilities at the Savannah River Site are
technically capable of chemically separating the aluminum-based foreign research reactor
spent nuclear fuel. After some upgrading, the facilities at the Idaho National Engineering
Laboratory would be technically capable of chemically separating all the foreign research
reactor spent nuclear fuel.

The same amount of HEU could be removed from international commerce under this
implementation alternative as under the basic implementation. Foreign research reactor
operators would have the same incentives not to use HEU in their reactors under this
implementation alternative as they would under the basic implementation.

The principal environmental impacts under this implementation alternative would be
occupational and public health and safety impacts. The total incident-free population risk
to the worker population of incurring a latent cancer fatality resulting from this
implementation alternative would be 0.32 latent cancer fatalities among all marine, port,
ground transport, and site workers combined. The largest contribution to this total risk
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would be from onsite radiation workers. The risk to onsite radiation workers would be
0.21 latent cancer fatalities, which translates to 21 chances in 100 that one worker within
the group of exposed workers would develop a latent cancer fatality.

The total incident-free population risk to the general public would be 0.39 latent cancer
fatalities among the entire affected population under this implementation alternative. The
total population risk due to accident conditions to the general public would be 0.43 latent
cancer fatalities among people living near the affected site.

S.4.3.7 Implementation Alternative 7: Developmental Treatment and/or
Packaging Technologies

This implementation alternative could be selected in connection with other
implementation alternatives. The environmental impacts of the developmental treatment
and/or packaging technologies cannot be precisely estimated at this time because the
technologies and procedures are still under development. Implementation of certain
treatment and/or packaging technologies would require new facilities and thus would
generate impacts associated with construction as well as operation. Appropriate NEPA
documentation would be prepared for any proposed implementation of new treatment
and/or packaging technologies. A new facility using a new treatment technology would
not be operational in the near-term, so in this case, this implementation alternative would
be selected in conjunction with one of the near-term storage alternatives.

Any new facilities would be designed to meet modem environmental compliance and
health and safety standards. The new design would minimize air and water emissions and
would limit the public and worker radiation doses to levels no greater than those in
existing facilities. Therefore, it is expected that these impacts would be somewhat lower
than those presented for conventional chemical separations.

S.4.4 Implementation of the Preferred Alternative

Under the preferred alternative, as described in Section S.2.3, DOE would accept and
manage the foreign research reactor spent nuclear fuel and target material in the United
States. The aluminum-based foreign research reactor spent nuclear fuel and target
material would be transported to and managed at the Savannah River Site. The TRIGA
foreign research reactor spent nuclear fuel would be transported to and managed at the
Idaho National Engineering Laboratory. Under the preferred alternative, up to 17,800
aluminum-based foreign research reactor spent nuclear fuel elements representing
approximately 675 casks, and the target material from overseas, would arrive at candidate
ports on the east coast of the United States, preferably the Naval Weapons Station at
Charleston, South Carolina. Most of the target material would be received at the
U.S.-Canadian border and all target material, representing 140 casks, would be managed
at the Savannah River Site. Up to approximately 38 casks of TRIGA foreign research
reactor spent nuclear fuel could arrive at candidate ports on the United States west coast,
preferably the Naval Weapons Station Concord, California. DOE would strive to
minimize the number of shipments necessary by coordinating shipments from several
reactors at a time (i.e., by placing multiple casks [up to eight] on a ship). DOE currently
estimates that approximately five shipments through the Naval Weapons Station Concord
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would be necessary. All the TRIGA foreign research reactor spent nuclear fuel,
representing approximately 162 casks and 4,900 elements would be transported to and
managed at the Idaho National Engineering Laboratory.

The policy considerations and the impacts of marine transport, port, ground transport, and
management site activities of the preferred alternative presented in this section are based
on analysis performed for the basic implementation of Management Alternative 1 (Section
S.4.2), Implementation Alternative lc (Section S.4.3.1), Implementation Alternative 6
(Section S.4.3.6), and Implementation Alternative 7 (Section S.4.3.7).

S.4.4.1 Policy Considerations

A critical result of implementing the preferred alternative would be support for the
Reduced Enrichment for Research and Test Reactors Program, which has the goal of
minimizing and eventually eliminating the use of HEU in civil nuclear programs. The
successful expansion of the program to Russia, other Newly-Independent States, China,
South Africa, and other countries, and the establishment of a world-wide norm
discouraging the use of HEU is dependent on the United States commitment to action
such as that embodied in this preferred alternative. By including the target material, the
preferred alternative maximizes the amount of HEU to be removed from international
commerce. By assisting foreign research reactor operators with peaceful applications of
nuclear energy, the preferred alternative complies with U.S. obligations under the Treaty
on the Non-Proliferation of Nuclear Weapons. By not encouraging reprocessing for either
nuclear power or nuclear explosive purposes, the preferred alternative supports the
Administration's nuclear weapons nonproliferation policy objectives.

DOE's preferred alternative allows for the use of chemical separation under certain
circumstances, such as when alternative technologies present higher safety risks, are more
costly, or are unavailable. If chemical separation is used to process the foreign research
reactor spent nuclear fuel, the HEU would be blended down during the separation process
to a low enriched form that is unsuitable for nuclear weapons purposes (the blenddown is
also required because the F-canyon cannot safely process HEU beyond initial dissolution).
No plutonium would be separated. Instead, the plutonium would be left in the waste
stream with the high-level radioactive chemical separation wastes. In addition, the waste
generated during reprocessing would be handled using technologies that are intended to be
used for substantially larger quantities of pre-existing wastes (e.g., vitrification of
high-level liquid radioactive wastes, grouting for low-level wastes, and incineration for
some supernatant).

This potential method of handling the foreign research reactor spent nuclear fuel would be
consistent with United States nonproliferation policy, despite the use of chemical
separation because (1) it would reduce the worldwide stockpiles of this nuclear weapons
material; (2) no plutonium would be separated; and (3) the chemical separation would not
be taking place for either nuclear weapons or nuclear power purposes.

DOE is aware that the inclusion of chemical separation within the preferred alternative
could be interpreted by some nations, organizations, and persons as a signal of
endorsement of the use of chemical separation as a routine method of waste management
for spent nuclear fuel or a reversal of United States policy on chemical separation. This
would not be an accurate interpretation. The United States policy regarding chemical
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separation was established in Presidential Decision Directive 13, and DOE and the
Department of State have determined that this preferred alternative is consistent with that
policy. The draft version of this EIS indicated that chemical separation is a non-preferred
technology. This final preferred alternative includes provision for possible chemical
separation. DOE maintains a presumption that spent nuclear fuel would not be chemically
separated unless there is an imminent health and safety risk, or other programmatic
conditions, that cannot be addressed during the time period when no feasible alternative to
chemical separation is available. These conditions will be addressed by the independent
study described in S.2.3.

S.4.4.2 Potential Environmental Impacts

The potential environmental impacts due to marine transport, port activities, and ground
transport would be similar to those of the basic implementation of Management
Alternative 1, with the addition of the target material shipments. With the use of only
military ports, which are located in areas of low population density, the risk would be
reduced for port activities.

Management site activities at the Idaho National Engineering Laboratory can be estimated
from the basic implementation of Management Alternative 1. For the Savannah River
Site, however, the impacts would vary depending on the specific outcome of the preferred
management strategy at the site. The preferred alternative includes the development and
operation of a new treatment and/or packaging technology at the Savannah River Site, and
environmental impacts of such a technology cannot be estimated with precision. DOE
expects, however, that the radiological and nonradiological health and environmental
effects from the operation of facilities that would support a new technology would not
exceed those estimated for conventional chemical separation (evaluated in S.4.3.6).

The principal impacts of the preferred alternative would be occupational and public health
and safety impacts. Radiological risks are determined for the maximally exposed
individual and the potentially exposed population. The maximally exposed individual risk
expresses the probability that the maximally exposed individual would incur a latent
cancer fatality due to the preferred alternative. The population risk expresses the
estimated number of additional latent cancer fatalities among the entire potentially
exposed population. Risks are also determined for incident-free conditions and for
accident conditions.

The greatest radiological risks would occur during ground transport or management site
activities. Based on conservative assumptions, under incident-free conditions, the total
population risk would be 0.25 latent cancer fatalities for the potentially exposed public,
while the corresponding risk would be 0.30 latent cancer fatalities for the workers. Thus,
there would be an estimated 25 percent chance of incurring one additional latent cancer
fatality among the exposed general public, and a 30 percent chance of incurring one
additional latent cancer fatality among workers. The maximum estimated incident-free
radiological risk for an onsite radiation worker would be 0.026 latent cancer fatalities or a
2.6 percent chance of incurring a latent cancer fatality. DOE and the Department of State
believe the actual risk would be much lower due to administrative procedures such as
worker rotation.
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Under accident conditions, the maximum population risk to the general public (which
would be to the people living near both management sites at the time of an accident)
would be 0.45, or an approximate 45 percent chance of incurring one additional latent
cancer fatality among all the people living near both sites. The maximum estimated
accident radiological risk to the maximally exposed individual is 0.000047 latent cancer
fatalities, which applies to a hypothetical member of the public who lives at the site
boundary. This individual's chance of incurring a latent cancer fatality due to an accident
under this alternative would be less than one in 10,000. There is approximately a five
percent chance that a truck driver or member of the public could die in a traffic accident
associated with the preferred alternative. This death would be unrelated to the radioactive
nature of the cargo.

The cumulative impacts from the receipt and management of foreign research reactor
spent nuclear fuel and target material, with some chemical separation, would not have
detrimental effects on the public or environmental resources at the sites. Minority and
low-income populations living near the Savannah River Site or the Idaho National
Engineering Laboratory would not be subjected to any disproportionately high and
adverse impacts.

S.4.5 Policy Considerations and Environmental Impacts of
Management Alternative 2

Under Management Alternative 2 the United States would facilitate overseas management
of foreign research reactor spent nuclear fuel. Two implementation subaltematives are
examined: 1) overseas storage of the foreign research reactor spent nuclear fuel with U.S.
assistance; and 2) overseas reprocessing of the foreign research reactor spent nuclear fuel
with U.S. nontechnical (financial and/or logistical) assistance. Under these
implementation subalternatives, no foreign research reactor spent nuclear fuel would be
accepted into the United States. However, vitrified waste from overseas reprocessing
might be accepted into the United States resulting in some environmental impacts. In
addition, other impacts would occur, such as cost of U.S. assistance and impacts to the
U.S. nuclear weapons nonproliferation policy.

S.4.5.1 Impacts From Overseas Storage With U.S. Assistance

Under this subalternative, there would be no environmental impacts on U.S. territory for
the duration of the proposed action. However, other impacts would occur such as cost of
U.S. assistance. This subalternative would be most economical in countries that already
have spent nuclear fuel storage infrastructures. In these countries, the addition of the
spent nuclear fuel from research reactors to existing spent nuclear fuel inventories in
storage would probably involve incremental costs without start-up costs. However, in
countries that do not have an existing nuclear infrastructure, it would cost tens of millions
of dollars per country to set up a secure area, purchase storage casks, transfer the spent
nuclear fuel to the cask, and maintain a secure area for 40 years.

If the United States does not accept any near-term foreign research reactor spent nuclear
fuel shipments, provision of U.S. technical and/or financial assistance for the development
of safe and secure storage capabilities would help to alleviate some of the problems posed
by a lack of sufficient storage capacity. However, this subalternative presents several
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drawbacks from a nuclear weapons nonproliferation policy standpoint. The accumulation
overseas of ever larger amounts of spent nuclear fuel containing HEU poses a risk that
such weapons-usable material might be illicitly diverted to a weapons program. Although
U.S. assistance in maintaining adequate physical security for foreign research reactor
spent nuclear fuel repositories may lessen the potential for diversion, the proliferation risk
would still be greater than under the basic implementation of Management Alternative 1.
As the foreign research reactor spent nuclear fuel ages, it would become less radioactive
and thus a more attractive target for illicit diversion.

S.4.5.2 Impacts From Overseas Reprocessing With U.S. Nontechnical
Assistance

The EIS considers a subaltemative in which all of the reprocessing activities occur
overseas using foreign reprocessing and vitrification technology. In one subalternative,
the vitrified high-level radioactive waste (i.e., high-level waste would be incorporated into
high strength, dissolution-resistant glass and cast in stainless steel canisters) from overseas
reprocessing would be accepted by the United States for storage and/or ultimate disposal.
If no high-level waste were accepted, then there would be no impacts on U.S. territory.

In the case where vitrified high-level waste from overseas reprocessing is accepted into
the United States from Europe, the environmental impacts in the United States would be,
in all cases, lower than those under the basic implementation. The total number of casks
received in the United States would be 90-95 percent lower and the total worker and
population exposures would be lower. If vitrified high-level waste is accepted by the
United States, it would either be stored in existing facilities at the Savannah River Site or
shipped directly to a geologic repository site, if available.

S.4.6 Policy Considerations and Environmental Impacts of
Management Alternative 3

Implementation of this Management Alternative 3, a combination of elements from
Management Alternative 1 and 2, would not pose a greater risk than that determined under
Management Alternative 1, assuming identical United States site management technology
implementation. This is because the amount of foreign research reactor spent nuclear fuel
that would be managed under the Hybrid Alternative is less than the amount that would be
managed in the United States under Management Alternative 1.

S.4.7 No Action Alternative

If no action were taken to adopt a policy to manage foreign research reactor spent nuclear
fuel, no direct environmental impacts would occur in the United States. However, failure
to adopt a policy would have numerous other impacts, including likely continued reliance
on HEU by foreign research reactor operators, increasing the amount of HEU available in
civilian commerce, and possible worldwide proliferation of nuclear weapons and nuclear
weapons States. The No Action alternative would be the least desirable from a nuclear
weapons nonproliferation standpoint.
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S.4.8 Comparison of the Radiological Risks

This section provides a comparison of the potential maximum estimated risks associated
with the alternatives evaluated in the EIS for the general public, the workers, and the
maximally exposed individual. Essentially this risk would occur during the first 13 years
of the program.

Figure S-i I shows the greatest incident-free population risk to the general public under
each alternative. Figure S-12 shows the greatest accident population risk to the general
public under each alternative. These estimated risks (including the maximum estimated
risk of 0.39 latent cancer fatalities under incident-free conditions, and 0.45 latent cancer
fatalities under accident conditions) would be less than one-half additional latent cancer
fatality among the public living near [within 80 kilometers (50 mi)] any of the
management sites.

The accident risks to the population are estimated by combining the probabilities of
accidents and the consequences of those accidents, then summing over the full range of
accidents that might reasonably be expected to occur during marine transport, port
activities, ground or barge transport, and management site activities. The single accident
with the highest risk is estimated to have a probability of approximately 0.02 occurrences
per year and a consequence of approximately 1.3 latent cancer fatalities.

Incident-free population risks for workers are depicted in Figure S-13. The greatest
incident-free radiological population risk to workers from any of the alternatives would
occur in the alternative in which target material is added to the basic implementation of
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Management Alternative 1. This low risk would mainly occur during the first 13 years of
the program and could be up to 0.36 additional latent cancer fatalities to the worker group
under incident-free conditions.

The analysis in this EIS indicates that the highest estimated individual risk would be to an
onsite radiation worker (i.e. the maximally exposed worker) receiving a dose equal to the
regulatory limit of 5,000 mrem each year for 13 years under incident-free conditions.
This risk would be 0.026 latent cancer fatalities, and this hypothetical individual's
estimated chance of developing a fatal cancer would be 2.6 chances in 100. However,
DOE would prevent workers from receiving this high radiation dose through existing
administrative procedures.

The EIS analysis indicates that the highest estimated maximally exposed individual risk to
members of the public under the proposed action is 0.00015 latent cancer fatalities. This
would be a hypothetical individual member of the public who was at the worst possible
location during an accidental criticality on the Oak Ridge Reservation under
Implementation Alternative 5, Wet Storage Technology for New Construction. This
accident is estimated to have a frequency of approximately 0.0031 occurrences per year
and a consequence of approximately 0.0017 latent cancer fatalities. This hypothetical
individual's chance of incurring a fatal cancer would be increased by less than two
in 10,000.

The highest estimated incident-free population risk to the general public (See Figure S- 1 1)
living near any of the management sites, or ports, from any of the implementation
alternatives is less than one-half latent cancer fatality. This risk occurs under
Implementation Alternative 6, near-term Chemical Separation in the United States at the
Savannah River Site. This risk would be spread among the roughly 600,000 people who
live near the Savannah River Site, so the average risk among these people would be less
than one in a million over the entire 40-year period. Common activities that produce a
comparable risk of death per year are presented in Table S-1.

Table S-I Risks Estimated to Increase Chance of Death in Any Year by
One Chance in a Million

Smoking 1.4 cigarettes Cancer; Heart disease
Living 2 days in New York or Boston Air pollution
Traveling 16 km (10 mi) by bicycle Accident
Flying 1,600 km (1,000 mi) by jet Accident; Cancer caused by cosmic radiation
Living 2 months in Denver on vacation from New York Cancer caused by cosmic radiation
One chest x-ray taken in a good hospital Cancer caused by radiation
Drinking 30 12-oz cans of diet soda Cancer caused by saccharin

Adaptedfrom Slovic, P., 1986, Informing and Educating the Public about Risk; Risk Analysis,
Vol. 6(4), pp. 403-415.

S.4.9 Costs

The program costs of implementing the proposed action alternatives described in
Section S.2.1 and the preferred alternative are given in Table S-2. As noted in Section
S.2.3, the preferred alternative is Management Alternative 1 with modifications to several
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Table S-2 Potential Total Costs
(Net Present Value, Millions of 1996 Dollars in 1996)

Management Alternative 1 7251775a 210 175 -1,100 +11%
(Storage)b

Management Alternative 1 625 85-145 125 -900 +9%
(revised to incorporate
Chemical Separation)b

Management Alternative 2b 1250 600-1600 250 2,100-3,100 +13%
Management Alternative 3bX 675 225-275 75 -1000 +9%
Preferred Alternative 625-950 210 225 -1,050-1,400 +10%-11%

a Dry/Wet New Storage Facilities
b Adding target material to any of these scenarios would increase scenario costs by 3 to

4 percent
c The total cost risk to the United States is less than 1/2 the total cost risk since a large

portion of the activities under this alternative would occur overseas

basic implementation components, including implementation of a new treatment and/or
packaging technology at the Savannah River Site for the management of the
aluminum-based foreign research reactor spent nuclear fuel. A more detailed cost
discussion can be found in Section 4.9 of Volume I and in Appendix F of the Final EIS.
Costs are generally presented as minimum costs for the defined program components and
approaches, and as "other cost factors" that are likely but sufficiently uncertain that they
cannot be directly included in the minimum costs. However, for the preferred alternative,
a wide range of costs is presented because of the uncertainty associated with the new
technology development program. An example of an item covered by "other cost factors"
would be the cost growth caused by adverse weather that extends the time required to
make shipments of the spent nuclear fuel. All costs are discounted (i.e. the costs reflect
long-term interest that can be expected) at 3 percent for the portion to be managed
overseas and at 4.9 percent for the portion to be managed in the United States.

Table S-2 combines the minimum costs with the other cost factors and shows the net
present value of the potential total costs of implementing the program. Costs to manage
target material are included in the preferred alternative. The total costs range from about
$900 million for Management Alternative I with chemical separation, $1.4 billion for the
preferred alternative to $3.1 billion for Management Alternative 2. Except for
Management Alternative 2, overseas management, the minimum costs for other
alternatives are $625-$950 million.

Costs to the United States have also been calculated in each of the cost scenarios under a
variety of fee schedules. DOE would establish any fee in a separate Federal Register
notice subsequent to the issuance of this EIS. Costs to the United States under the
preferred alternative would be $275-550 million for a fee of $2,000/kgTM. Higher fees
would reduce this cost to zero in the $7,500fkgTM range.
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S.5 Overview of the Public Comments and DOE Response

On April 21, 1995, DOE published in the Federal Register a Notice of Availability of the
Draft Environmental Impact Statement on a Proposed Nuclear Weapons Nonproliferation
Policy Concerning Foreign Research Reactor Spent Nuclear Fuel (60 FR 19899). In
accordance with DOE NEPA regulations 10 CFR Part 1021, the Notice invited interested
agencies, organizations, and the general public to provide oral and written comments on
the Draft EIS.

S.5.1 The Public Comment Process

The public comment period on the Draft EIS was initially scheduled from April 21, 1995
to June 20, 1995. In response to public requests, the comment period was extended an
additional 30 days through July 20, 1995. During the comment period, DOE held 17
public hearings in the locations most likely to be directly affected by the EIS alternatives,
including the 10 candidate ports of entry and five candidate management sites. In
addition, a public hearing was held in Washington, D.C. The hearing dates and locations
are shown in Figure S-14. The Draft EIS was made available to the public through
mailings, requests to DOE's Environmental Management Information Center, and at DOE
Public Reading Rooms and other designated information locations.

CandidateCommercialPorts
* CandidateMilharyports
* Candidate Management Storage Sites
v OtherMeetingfites

Figure S-14 Public Comment Hearing Locations and Dates
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S.5.2 Written Comments

DOE received approximately 5,040 written comments contained within approximately
1,250 submissions. Written comments were submitted to DOE by mail and facsimile and
at many of the public hearings. These written comments were received from individuals,
Federal and State agencies, Tribal governments, local governments, foreign entities, and
non-government organizations such as environmental, public interest, and industry
groups. All written comments were reviewed and considered in the preparation of the
Final EIS and are presented in Section 2 of Volume 3 of the Final EIS.

S.5.3 Public Hearings

In an effort to encourage a dialogue between members of the public and government
officials at the public hearings, DOE used an informal, interactive format and an
independent professional facilitator. The hearings were preceded by an hour-long "open
house" at which exhibits, videos, and other information materials were available for
review, along with opportunity for one-on-one exchanges with DOE representatives.
Comment forms were provided for those wishing to submit written comments at the
hearings.

Public hearings began with an explanation of the hearing format by the independent
facilitator, followed by a 30-minute overview by a DOE official on the proposed policy
and the factors leading to the proposal's development. Following this presentation,
attendees were encouraged to ask questions, offer comments, and engage in dialogue.
Notetakers summarized the questions and comments and DOE responses at all hearings.
A summary of all oral comments and statements from each hearing, along with the DOE
responses, is presented in Volume 3, Section 3 of the EIS.

Approximately 900 people attended the 17 public hearings. An interactive format was
used at all hearings except in Tacoma, Washington. At the Tacoma public hearing,
attendees expressed a desire for a more traditional approach in which people presented
statements of up to five minutes, with little or no dialogue between commentors and DOE.
In addition, the Tacoma hearing attendees requested that a verbatim transcript be made of
the meeting. A copy of this transcript is included as Attachment I to Volume 3, Section 3
of the EIS.

S.5.4 Environmental Protection Agency Rating of EIS

The U.S. Environmental Protection Agency reviewed and rated the Draft EIS proposed
action and each alternative as "lack of objections (LO)," which means that the EPA has
not identified any potential environmental impacts requiring modifications to the proposal.
A copy of the U.S. Environmental Protection Agency rating is included among the written
comments in Volume 3, Section 2 of the Final EIS.

S.5.5 Major Issues Raised by Commentors

The public comments addressed a wide range of policy, economic, and technical issues.
Of the approximately 6,000 written and oral comments received, few were critical of, or
directed against, the analytical methods presented in the Draft EIS. The following is a
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summary characterizing the most frequently raised issues and the corresponding summary
of DOE's responses. (In each case, a summary of DOE's response is provided in bold text
following the summary of the public comment.) DOE's full response to each specific
comment and issue are provided in Sections 2 and 3, Volume 3 of the Final EIS.

S.5.5. 1 Policy Considerations and Management Alternatives

Numerous comments and questions were received concerning the need for a policy to
manage foreign research reactor spent nuclear fuel. Commentors questioned the need to
adopt a policy to manage spent nuclear fuel from allied countries or from countries that
are considered sufficiently developed to manage their own spent nuclear fuel. Other
commentors questioned the objectives of the stated U.S. nuclear weapons nonproliferation
policy and the rationale for considering the proposed policy, pointing out that some of the
allied nations under the proposed action do not pose a nuclear weapons proliferation risk.
The purpose of the proposed action is to support a U.S. nuclear weapons nonproliferation policy
that seeks to reduce, and eventually eliminate, the use of highly-enriched (nuclear
weapons-grade) uranium in civil programs worldwide. It is necessary to deal with spent nuclear
fuelfrom the developed countries for several reasons.

First, if the United States does not assist the developed countries with management of their spent
nuclear fuel, the only mechanism available to them for spent nuclear fuel disposition would be
to stay on or reconvert to use of highly-enriched uraniumforfuel. Those who can accept the
reprocessing wastes would disposition their spent nuclear fuel by having it reprocessed, and
would recycle the remaining highly-enriched uranium. They would have to seek out sources of
new highly-enriched uranium to make up for that burned, and to keep the enrichment level of
the recycled uranium high enough to be of use. Since the United States could not ship
additional highly-enriched uranium to them, they would likely resort to Russia or China as
suppliers. Such actions could destroy all the progress made by the Reduced Enrichment for
Research and Test Reactors program in attempting to eliminate the use of highly-enriched
uranium in civilprograms.

Second, many developed countries manufacture research reactors and sell them to developing
countries. If, due to inaction by the United States, research reactors in the developed countries
refuse to convert to low enriched uranium fuel, or switch back to the use of highly-enriched
uranium fuel, their customers in developing countries would likely insist on obtaining reactors
that also use highly-enriched uranium fuel.

Third, inaction by the United States that leads research reactors in developed countries to shut
down due to the absence of a timely means of dispositioning of their spentffuel is likely to lead,
rightly or wrongly, to accusations that the United States is failing to comply with its obligations
under the TreatU on the Non-Proliferation of Nuclear Weapons to assist nonnuclear weapons
States with peaceful applications of nuclear energy.

Some commentors further contended that the nuclear weapons nonproliferation objectives
do not apply to the foreign research reactor spent nuclear fuel that contains low enriched
uranium, which is not weapons-grade material. While it is true that low enriched uranium is
not weapons-grade material, it is included in the policy because acceptance of low enriched
uranium fuel would provide incentive for foreign research reactor operators to convert from
highly-enriched uranium fuel to low enriched uranium fuel use. This incentive would be
necessary to offset the considerable expense of conversion and the reductions in reactor
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capabilities and increased operating costs that generally accompany conversion to low enriched
uranium fuel. Furthermore, by not accepting low enriched uranium, the United States would be

penalizing the reactors that converted earlier under the Reduced Enrichment for Research and
Test Reactors Program, because those reactors are now generating only low enriched uranium
spent nuclear fuel. Since there is currently no alternative available for disposition of low
enriched uranium spent nuclear fuel, the reactors that supported the Reduced Enrichment for
Research and Test Reactors Program would be the first to shut down.

Some commentors believe that the continued production and export of nuclear materials
by the United States appears to be in conflict with the stated U.S. nuclear weapons
nonproliferation objectives. Several stated their opposition to the continued sale of new
fuel for foreign research reactors, and a small number suggested that the United States
cease production of all nuclear materials and develop alternative energy sources. As a

result of the passage of the Energy Policy Act of 1992, the United States is prohibited from

selling highly-enriched uranium to foreign countries, except under special conditions. Since

enactment of this prohibition, no new licenses for the export of highly-enriched uranium have
been issued by the United States. The United States is continuing to sell low enriched uranium
since it is not a nuclear weapons material. Furthermore, by making low enriched uranium
available, the United States is providing further support for reactor operators who agree to

convert from use of highly-enriched uranium. With respect to development of alternative energy
sources, DOE currently has on-going programs that are seeking to develop and promote use of
various alternative energy sources, such as wind, water, and solar.

Representatives of foreign research reactor operators enumerated several reasons why the
United States should accept and manage foreign research reactor spent nuclear fuel. This
generally held position was the result of the expiration of the Off-Site Fuels Policy, under
which the United States had accepted foreign research reactor spent nuclear fuel. As a
result, many foreign research reactor operators are running out of storage space for their
spent nuclear fuel. The operators assert that this may cause some research reactors to shut
down, as these countries do not have, and did not plan for, long-term storage facilities.
Foreign research reactor operators point out that the Dounreay, United Kingdom,
reprocessing facilities can only handle highly-enriched uranium at this time. As a result,
foreign research reactor operators would likely revert to reliance on highly-enriched
uranium which would be contrary to U.S. nuclear weapons nonproliferation policy.

Many members of the public and State and local governments supported the objectives of
the proposed action, but urged further consideration of Management Alternative 2, which
is to facilitate overseas management of the spent nuclear fuel with security precautions to
ensure that the spent nuclear fuel is not diverted into a nuclear weapons program. Some
also supported the No Action Alternative under which the United States would neither
accept nor assist with the management of foreign research reactor spent nuclear fuel.
Several Non-Government Organizations also expressed support for the proposed policy
and cited the need to eliminate the use and stockpiling of highly-enriched uranium. DOE

and the Department of State have considered these comments in selection of the preferred

alternative. DOE's and the Department of State's reasons for not selecting the No Action

Alternative or Management Alternative 2 are discussed in Section S.2.3 under the heading

"Basis for the Preferred Alternative. "
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Many commentors expressed concern about the cost to the United States of managing
foreign research reactor spent nuclear fuel. Several opposed full subsidization of
developed countries which they consider capable of managing their own spent nuclear
fuel. Other commentors favored competitive pricing or charging the foreign research
reactor operators a full-cost recovery fee for management of their spent nuclear fuel.
Representatives of certain foreign research reactor operators expressed their willingness to
pay a cost-based price, and stated that they are not asking U.S. taxpayers to subsidize their
fuel cycles. A number of commentors asked for additional information in the Final EIS
on life cycle costs, risks, and benefits. DOE and the Department of State have evaluated
severalfinancing options in the EIS, rangingfromfeesfrom the research reactor operators that
would pay all of the costs of the program to full subsidization of the program by DOE. One of
these options would be for developed countries (which represent about 87 percent of the spent
nuclear fuel total mass and about 78 percent of the spent nuclear fuel elements) to pay a
competitive fee for U.S. management of their spent nuclear fuel. As part of this option, DOE
would subsidize the costs of managing the spent nuclear fuel from developing countries. The
United States does not believe the developing countries can afford to pay the expense for spent
nuclearfuel management either in the United States or in the host country.

S.5.5.2 Ultimate Disposition

The ultimate disposition of DOE-owned spent nuclear fuel was a widely expressed policy
concern. Many commentors, concerned with a lack of long-term storage options, raised
the issue of the availability, or lack thereof, of a permanent geologic repository. Many
urged that, before the United States accepts any spent nuclear fuel from foreign research
reactors, a permanent repository must be established in this country. Some comments
promoted reprocessing as a means to stabilize and prepare the spent nuclear fuel for
geologic disposal. The Nuclear Waste Policy Act of 1982, as amended, establishes aframework
for the ultimate disposition of spent nuclearfuel in the United States in a geologic repository.
Any foreign research reactor spent nuclear fuel accepted into the United States under
the alternatives considered in the EIS would be eligible for disposal in a geologic repository.
Under authority of the Act, DOE is currently evaluating the feasibility of locating a geologic
repository at Yucca Mountain in Nevada. In the meantime, however, DOE and the Department
of State are seeking to stem the use of highly-enriched uranium in civil programs. Under the
preferred alternative, if any foreign research reactor spent nuclear fuel were accepted into the
United States, it would be treated and/or packaged, and the resulting materials placed in "road
ready" storage pending the availability of a geologic repository, if it were not otherwise disposed
of in the meantime.

S.5.5.3 Transportation and Emergency Response

Transportation and emergency preparedness were key concerns expressed during the
public comment period. The majority of comments dealt with identification of parties
responsible for responding to an accident involving transport of the foreign research
reactor spent nuclear fuel, local emergency response capability, marine and ground
transportation routing, shipment methods, procedures, and safety criteria. Local and State
responders would be the first to respond to a transportation accident involving the foreign
research reactor spent nuclearfuel shipments, as they would to any overland shipment involving
hazardous materials. State, local, and some Tribal governments have the basic capabilities and
training that would be required in order to take initial measures to respond to a transportation
accident by virtue of their preparation for responding to accidents involving hazardous
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materials, (ie., assess the scene, administer emergency care, control the area, and call for a
hazardous materials special team). DOE would develop emergency plans with the carrier, port

officials, State, local, and Tribal officials and provide training courses for first responders to

enhance their capabilities to respond appropriately in the unlikely event of an accident involving

these spent nuclear fuel shipments. Technical assistance would also be provided to supplement
existing State, local, or Tribal resources if any deficiencies are identified. In the event of an
accident, if requested by a State, Tribal, or local government, DOE would send a radiological
monitoring assistance team from the closest of eight DOE regional offices located across the

country.

Appendix H, which was added to the Final EIS in response to public comments, contains the
general provisions for emergency preparedness and security measures associated with the
transportation of foreign research reactor spent nuclear fuel in the United States. The
provisions include communications and meetings between DOE and State, Tribal, and local

authorities, prior to the implementation of the policy, for the identification and resolution of
emergency management and security issues specific to the communities that would be affected.
These issues include capabilities and training offirst emergency responders.

Many commentors were concerned about the safety of transportation casks. Spent nuclear

fuel is transported in "Type B" transportation casks that are designed and built to preclude
release of radioactive material. They are subject to stringent design, fabrication, and operating

requirements imposed by the Nuclear Regulatory Commission and Department of
Transportation in the United States and by the International Atomic Energy Agency for

international shipments, to withstand very severe accidents without releasing their contents.
These casks are required to be able to pass stringent tests, including a 30-foot drop onto an

unyielding surface (such surfaces are engineered and built for these tests and do not exist in
nature), a drop onto a steel post (a puncture test), and a high temperature fire test. As a result of

their very robust design and construction, to date, no "Type B " spent nuclear fuel transportation

cask has ever been punctured, nor has one ever released its radioactive contents, even as the
result of an accident.

Comments on land transportation dealt mostly with routing concerns and emergency
response. Several commentors requested that DOE provide notification to local officials
and private citizens of the specific routes that would be used for truck or rail shipments.
Many commentors expressed concern regarding the risks associated with the use of
specific routes (major interstates through population centers) and during adverse weather
and traffic conditions. Some questioned the safety records of radioactive waste trucking
firms and inquired about the safety requirements imposed on these firms and the contract
arrangements that DOE would make with the shippers. As part of the development of a

Transportation Plan (in which State, local and Tribal officials in addition to DOE, the carrier,

shippers agent, the port and other Federal agencies would be involved), highway routes would

be identified using criteria developed by the Department of Transportation. These criteria

include using the Interstate highway system, selecting the shortest route or time in travel from
the U.S. port of entry to the closest Interstate, and using by-passes or beltways to avoid major

population centers. States and Tribes may designate alternate routes that are equivalent to the

Interstate system in consultation with local officials, and approved by the U.S. Department of

Transportation. Rail routing criteria used by the Department include avoiding interchanges and

using the best available track. NRC approval of either rail or truck routes selected for use would

be required. Offcial notification of the shipments would be provided to the Governor of each
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State and Governors or Chairpersons of Indian tribes along the route at least seven days in
advance of shipment. In addition, DOE would use a satellite-based tracking system to notify

Tribes and States of the pending shipment and to continuously track shipment progress. In

order to maintain security, Governors and Tribal leaders are required by the NRC to only notify
State and local officials who would need to know about the shipment, usually emergency
management or law enforcement officials. With respect to the safety record of potential trucking
firms, DOE has developed and implemented a mandatory Motor Carrier Evaluation Program
with twelve evaluation criteria. Under the Motor Carrier Evaluation Program criteria, trucking
firms with poor safety records would be excluded from transporting the spent nuclear fuel. The

Motor Carrier Evaluation Program would be invoked as one of the requirements in DOE's

foreign research reactor spent nuclear fuel acceptance contract. Other requirements would be
discussed during the development of the Transportation Plan with the appropriate State, local,
and Tribal officials.

Many commentors requested coordination with emergency responders en route so that
localities can be prepared in the unlikely case of an accident. Many State, Tribal, and
local representatives, as well as private citizens, commented that communities along
shipping routes and at port and management site locations may have inadequate
capabilities to respond to emergencies involving radioactive release. Many expressed the
need for DOE funding for training, equipment, monitoring for local emergency
responders, transportation plans, and real-time shipment tracking that would be accessible
to emergency response personnel. A number of commentors suggested that the Final EIS
should evaluate the potential impact on local services due to the financial burden
associated with emergency response preparedness. DOE is committed to working with State,

Tribal, and local governments to ensure that they are prepared to carry out their responsibilities
in the unlikely event of an accident involving shipment of foreign research reactor spent nuclear

fuel. Details of emergency preparedness, security, and coordination of DOE with local

emergency response authorities would be contained in the Transportation Plan, which would be
prepared prior to any individual spent nuclear fuel shipment and coordinated with State, Tribal,
and local officials. Any additional training or equipment needed would be provided as part of the

planning process. In addition to direct Federal assistance to State, Tribal, and local

governments for maintaining emergency response programs, there are three national emergency
response plans under which DOE provides radiological monitoring and assessment assistance.

Under these plans, DOE provides technical advice and assistance to the State, Tribal, and local

agencies who might be involved in responding to a radiological incident.

Another group of commentors expressed concern regarding risks of terrorist activities.
Several noted that terrorist activity is a concern of all countries, including the United
States, citing the Oklahoma City bombing incident as an example. Commentors also
stated that transporting nuclear material overseas to the United States would unnecessarily
expose shipments to an increased possibility of terrorist threat. In response to these

concerns, Section D.5.9 was added to Appendix D of the EIS to specifically address terrorism

and sabotage. This section concludes that while the risk of certain terrorist and sabotage

attempts cannot be precluded, proper security measures would greatly reduce the risk. All

shipments of foreign research reactor spent nuclear fuel would be conducted meeting, or

exceeding, all the relevant security requirements in the Code of Federal Regulations. DOE

would ensure through the spent nuclear fuel acceptance contracts with the reactor operators

that proper security is provided at a port or in transit, based on the Nuclear Regulatory

Commission requirements. Often local or State law enforcement personnel would be employed
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by the carrier to satisfy these security requirements, which include having armed escorts on
board or near the shipment when it is in highly populated areas or at the port in the United
States. In the case of military ports, a high level of security is inherently in place.

With regard to marine transport, many commentors stated a preference for using special
purpose, chartered, or military ships rather than regularly-scheduled commercial liners to
ship spent nuclear fuel. The use of commercial liners, chartered ships, andpurpose-built ships

was considered for the marine transport of the spent nuclear fuel. The analyses in the EIS

indicate that the impacts associated with the use of any of the ships evaluated would be small.
The impacts of using military ships were not analyzed in the EIS because DOE believes that the

added security provided by such ships would not be required to ensure safe transport. DOE's
preferred alternative includes the use of military ports as points of entry to the United States.
Independent inspections by State, local, and/or public interest groups prior to and during
shipments were suggested by some commentors. DOE would encourage inspections by
authorized State agencies for both radiological and vehicle inspections prior to shipment and
after arrival at the management site. These inspections would be coordinated with the States

through the transportation planning process.

S.5.5.4 Port Selection Criteria and Activities

Many commentors, predominately those from communities at or near potential ports of
entry, questioned DOE's port selection process and the methods for application of the
selection criteria, especially with respect to populations in and around candidate ports.
Particular concerns were that longshoremen may not be adequately trained to handle
radioactive materials or that they could be exposed to high levels of radioactivity. As an
alternative, military ports were supported as having the necessary experience in handling
nuclear material and being more secure. Section 3151 of Public Law 103-160 (the National

Defense Authorization Actfor thefiscal year 1994), requires that "the Secretary of Energy shall,

if economically feasible and to the maximum extent practicable, provide for the receipt of spent
nuclearffuel... at a port of entry in the United States which...had the lowest human population in

the area surrounding the port of entry... ". While this Act was written specifically to apply only

to the receipt and storage of spent nuclearfuel at the Savannah River Site, DOE elected to apply
this criterion, among others, to the maximum extent practicable, in identifying all suitable ports
of entryforpotential receipt offoreign research reactor spent nuclearfuel. In application of the
population criterion, DOE considered both the population nearest the potential ports of entry

analyzed, and the total population along the transportation routes. Analysis of the list of

candidate ports against this criterion did not identify any port as a clear choice. Therefore, DOE
selected ports that best met all of the criteria discussed in Appendix D to the EIS (e.g.,

appropriate experience, favorable transit from open ocean, appropriate facilities, access to

intermodal transportation and human population). Both commercial and military ports were
evaluated. Based on the results of this analysis, DOE believes that foreign research reactor

spent nuclear fuel could be received safely via commercial ports, as it has been in the past.
Nevertheless, DOE agrees that the use of military ports would provide additional security over

that which would be available in a commercial port. Furthermore, although DOE has

committed to provide assistance to State and local authorities to ensure that the longshoremen

(or other workers) in a commercial port would have any additional training that might be

required to allow them to safely handle the spent nuclear fuel, DOE considers that the personnel

at a military ordnance facility would be particularly qualified to handle the spent nuclear fuel by
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virtue of their training and experience in performing their military function. Consideration of
all these factors led to designation of the Naval Weapons Stations at Charleston and Naval
Weapons Station Concord as the preferred ports of entry.

DOE notes that, although the maximum allowable radiation dose rate is 200 mrem per hour,
this limit is applicable at the surface of the transportation cask, which would be inside of the
container. The maximum radiation dose rate limit to those that would be near the container,
such as longshoremen, is 10 mrem per hour at a distance of 2 meters (6.6 ft) from the surface of
the container. The actual total dose that a longshoreman would get handling a cask would be
quite small due to the fact that a handler would not be present at the surface of the container for
long, and the total time near the cask would be quite short. The additional barrier imposed by
the standard shipping container would also prevent the longshoreman from being in the near
vicinity of the cask. The analysis in the EIS indicates that both the dose and dose rate for the
port workers would be low.

Concerns over possible storage of spent nuclear fuel at the port of entry were raised by a
number of commentors. DOE's goal would be to minimize holding times at the ports and to
provide safe transport of the spent nuclear fuel to its destination as quickly as possible. Under
normal circumstances, the foreign research reactor spent nuclear fuel would remain at the port
for only a few hours (e.g., 2 to 4 hours) and no more than 24 hours. In the very unlikely event
that the spent nuclear fuel could not be moved within 24 hours, special provisions to move the
fuel to a secure area at the port would be made. Part of the overall plan and agreements with
the Department of Defense would include these special provisions.

Several commentors pointed to recent increases in marine traffic and industrial congestion
in the port areas and questioned whether the selection criteria would be affected by these
factors. Some cited the need to consider site-specific factors such as hurricanes, severe
winds, seismic activity, extreme weather conditions, and sinkholes. In general, the number
of ship mishaps is not proportional to the amount of ship traffic because port ship traffic is slow,
and even when heavy, is normally a small number of ships per hour. Historically, increasing the
volume does not significantly increase the probability of an accident. Rather, the number of ship
mishaps is associated with navigational hazards and distances from the port to the open ocean
or a large bay. In order to further assure safety, the U.S. Coast Guard would establish a moving
zone of exclusion, which would keep all vessels away from the ship bringing the spent nuclear
fuel into port. Coast Guard escort boats would accompany the ship to port. As for accidents, the
potential consequences of a port or land transport accident due to an earthquake are represented
and bounded by the potential port and land transportation accidents that are assessed in the EIS.
Local hazards, such as earthquakes, volcanoes, and mud slides could be accident initiators;
however, they would not increase the consequences of the accident, which were found to be low.
Earthquakes were not analyzed separately in the EIS because seismic activity would not result in
greater damage to a transportation cask than that analyzed for accidents such as challenges to
the transportation cask integrity that could be caused by casks falling from a bridge or down an
embankment. These kinds of accidents are within the design standards developed by the NRC
and by which cask designs are evaluated. The NRC certifies the designs that contain the
appropriate level of safety to protect workers, the public, and the environment from the
radioactive material being transported. Analysis of the potential impacts associated with the
possible existence of sinkholes along potential rail routes was added to the Final EIS in
response to public comment.
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S.5.5.5 Economic Impacts to Candidate Port and Site Communities

Potential economic impacts on affected port and site communities were the subject of
many comments. Of particular concern were the socioeconomic impacts to a community
in the event of an accidental release of radiation. Examples of potential impacts cited by
commentors include disruptions in normal commerce, loss of business, loss of tourism,
devaluation of property, and closure of ports and highway routes. Several port authorities
were concerned about the potential for declining business due to the perceived stigma
associated with handling nuclear waste materials in their ports, while others viewed
handling these shipments positively. The costs of emergency response, cleanup, health
care, and potential economic losses associated with accidents or releases were key
concerns of several State, Tribal, and local officials. The risk associated with shipments of
foreign research reactor spent nuclear fuel through any of the ports identified would be less
than the risk associated with the handling of other hazardous cargoes due to the rigid criteria
established for spent nuclear fuel shipping casks. In fact, no adverse impacts have been
observed during the 30 years that foreign research reactor spent nuclear fuel was accepted into
the United States. Historically, shipping foreign research reactor spent nuclear fuel through
ports has not created a stigma or had an adverse economic impact on business, major industries,
tourism, or future business development at ports. DOE does not believe that actions such as
permanent road closures would be required for the safe and uneventful transportation of foreign
research reactor spent nuclear fuel. Costs of emergency response are covered under insurance
that is required of hazardous material carriers. If that level of coverage is exceeded,
Price-Anderson and other Federal provisions would cover costs.

S.5.5.6 Health Effects and Environmental Risks

Many commentors raised concerns about health effects and environmental-risks that could
result from accidents during marine transport, handling operations at ports, ground
transportation, and interim management. Of particular concern were the effects of
possible radioactive releases into the ocean and rivers, and on highways and railroads; the
impacts to fish, wildlife, ecosystems, and drinking water; and the possibility of an
increased risk to workers and the public of cancer and genetic defects. Human health and
safety were primary considerations during the evaluation of environmental effects for the
proposed alternatives. Conservative estimates of radiological and nonradiological impacts
indicate that risks to the population and workers would be low. The analysis in the EIS
indicates that the risks associated with an accident at sea or a port accident would be low. The
impacts of the incident-free receipt, handling, and transportation of foreign research reactor
spent nuclear fuel would also be extremely low. In over 40 years of spent nuclear fuel
transportation, no "Type B" spent nuclear fuel transportation cask has ever been punctured or
released any of its radioactive material contents. DOE believes that spent nuclear fuel
transportation casks passing through any of the potential ports of entry or any other part of the
country would be highly unlikely (i.e., less than a 1 in 10 million chance) to release their
contents or adversely affect air or water quality.

Several commentors questioned the results of the risk analyses in the EIS, suggesting that
DOE may have underestimated the risk potential for accidents, radioactive release(s), and
exposures to both workers and the public. DOE believes that the analyses of risk to people
during marine transport and for those who live near potential ports of entry, along
transportation routes, and near management sites are conservative (ie., are likely to overstate
the actual risk). These estimates were generated using standard computer codes (e.g.,
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RADTRAN) that have been adopted and used by the Nuclear Regulatory Commission and
Department of Transportation for transportation calculations for over 19 years. These
computer codes are available for public review.

Some commentors expressed concern about potential health impacts resulting from a cask
sinking in deep waters. Many challenged the applicability of the severe accident tests
applied to the casks (e.g., crash, fire, drop, immersion), stating that the conditions of
real-life accidents were of greater magnitude than the conditions in the tests. For
example, commentors cited fires that were alleged to have burned longer and hotter than
those used to test the transportation cask and pointed out that the water in Puget Sound is
deeper than the cask recovery depth cited in the Draft EIS. The EIS presents an evaluation
of the consequences of accident scenarios that would result in the sinking of a spent nuclear fuel
transportation cask on the continental shelf (water depth of about 200 meters), and in the deep
ocean (water depth of more than 200 meters). In the unlikely event that a transportation cask
loaded with foreign research reactor spent nuclear fuel were to sink in any U.S. coastal or

inland waters, it would be recovered, even from the deepest portions of the Puget Sound, which
reach depths of 305 meters (1,000 feet). The sequence of testing scenarios (i e., cask drop onto

unyielding surface, cask drop on a steel post [puncture], and cask fire) is required by the

Nuclear Regulatory Commission as part of the certification of "Type B" spent nuclear fuel

transportation casks. These tests conservatively represent a wide range of accident conditions
that could occur during transport. The test results indicate that if such accidents were to occur,

the cask most likely would not fail, and would not lead to a loss of containment. The cask drop

and puncture tests evaluate the resulting impact on the most vulnerable orientation of the cask,

and on an unyielding surface, which would be unlikely to occur while the cask was being

transported in an International Standards Organization (ISO) approved container. In reference
to shipboard fires, the duration of afire is directly related to the amount of combustibles carried

on board. The number of severe fires on ships is relatively small. Data available on the last 15

years from Lloyd's of London indicate that of 1,073 ship collisions in port worldwide, only 11 led
to fires, and of those, only 5 caused extensive damage, with only I actually causing buckling of

structures.

In regard to the impact a ship fire might have on a spent nuclear fuel transportation cask, there

are three facts that mitigate the potential damage. First, ship fires tend to move to different

areas of the ship as the combustible material is consumed, so the cask would not be exposed for

the entire duration of the fire. Second, a ship fire's intensity is normally limited by the amount

of oxygen that can reach the interior of a hold. Third, all ships that would be used to transport

foreign research reactor spent nuclear fuel have built-in fire suppression equipment, which at a

minimum would keep fires well below the extreme temperatures needed to damage the

transportation cask. For these reasons, it is almost impossible for spent nuclear fuel inside the

transportation cask to reach 900 degrees Kelvin (1,160 degrees F), the melting point of foreign

research reactor spent nuclear fuel. The probability of reaching such a temperature is discussed

in Attachment D5 to Appendix D of the EIS.

S.5.5. 7 Public Involvement Process

A number of comments dealt with DOE's policies and procedures for conducting the
public hearings, the duration of the public comment period, the degree to which comments
would be considered by DOE in the decisionmaking process, and general distrust of DOE.
Several commentors stated that there was insufficient notice and advertising for the public
hearings. Many commentors stated the need for additional time to comment on the Draft
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EIS. Commentors at the heavily-attended west coast port hearings tended to favor the
more traditional, formal public hearing format, and strongly opposed the use of notetakers
to summarize hearing issues. In the Tacoma area, commentors urged DOE to hold
another hearing to tape record their comments for the record, without allowing for
dialogue with DOE representatives. Many State and local officials requested that DOE
provide better advance notification to communities that are being considered as candidate
ports or management sites so that they have more time to review the Draft EIS. Many
individuals stated they had not received the Draft EIS in a timely manner and
consequently, had little time to review and comment. Several commentors expressed a
desire for increased DOE interaction with local officials and more community
participation in DOE's planning and decisionmaking processes.

Notice of the availability of the Draft EIS for public review and comment was published in the
Federal Register (60 FR 19899, April 21, 1995). This notice advised concerned parties,
including State, Tribal, and local authorities, of the availability of the Draft EIS and the dates
and locations of the public hearings on the Draft EIS. In addition, advertisements of the public
hearings were placed in local papers prior to their occurrence. The public hearing format
adopted by DOE provided an opportunity for interaction between DOE and the public, thus
serving to facilitate communication.

In response to public concerns of insufficient time to review the Draft EIS, DOE extended the
deadline for submission of written public comments from June 20 to July 20, 1995. DOE
considers that this 90-day period was sufficient for public comment. All oral comments
presented at each hearing were summarized and have been addressed along with the written
comments in Volume 3 of the Final EIS. DOE considers that these actions have provided ample
opportunity for the public to comment. Issues raised by the public during the comment period
were considered in selection of the preferred alternative for this proposed action. All comments,
written and oral, are part of the public record.

S.5.6 Availability of the EIS

Copies of the EIS and the EIS Summary may be obtained by calling DOE's Center for
Environmental Management at 1-800-736-3282 (1-800-7-EM DATA). The EIS and EIS
Summary may be reviewed at any of the Reading Rooms identified in this Summary.

General questions concerning the NEPA process, under which EISs are prepared, may be
addressed to:

Ms. Carol Borgstrom
Office of NEPA Policy and Assistance (EH-42)
U.S. Department of Energy
1000 Independence Avenue, SW
Washington, DC 20585
Telephone (202) 586-4600, or leave message at 1-800-472-2756
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Written request for clarifications concerning the Foreign Research Reactor Spent Nuclear
Fuel program may be sent to:

Mr. Charles Head, Program Manager
Office of Spent Nuclear Fuel Management
U.S. Department of Energy
1000 Independence Avenue, SW
Washington, DC 20585

S.5.7 Record of Decision

The Record of Decision, to be issued no less than 30 days after the Environmental
Protection Agency publishes a Federal Register Notice of Availability for the Final EIS,
will document the decisions made by DOE and the Department of State after the
evaluation of the potential environmental impacts of the range of alternatives and
appropriate non-environmental factors.

S.5.8 DOE Reading Rooms

A complete copy of the Final EIS and a list of reference documents may be reviewed at
any of the public Reading Rooms and information locations listed below.
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- Department of Energy Reading Rooms -

Public Reading Room for U.S. Department of
Energy Headquarters

Room 1E-190, Forrestal Building
Freedom of Information Reading Room
1000 Independence Avenue, SW
Washington, DC 20585

(202) 586-6020

Public Reading Room for U.S. Department of Energy
Oakland Operations Office

Environmental Information Center
1301 Clay Street, Room 700 N
Oakland, CA 94612

(510) 637-1762

Public Reading Room for U.S. Department of Energy
Rocky Flats Operations Office

Front Range Community College Library
3645 W. 112th Avenue, Level B
Westminister, CO 80030

(303) 469-4435

Public Reading Room for U.S. Department of Energy
Idaho Operations Office

Public Reading Room
1776 Science Center Drive
Idaho Falls, ID 83402

(208) 526-9162

Public Reading Room for U.S. Department of Energy
University of Illinois at Chicago Library

Government Documents Section
801 South Morgan Street
Chicago, IL 60607

(312) 996-2738

Public Reading Room for U.S. Department of Energy
National Atomic Museum

87117 Wyoming Boulevard, SE (Kirtland AFB)
Albuquerque, NM 87185

(505) 845-4378

Public Reading Room for U.S. Department of Energy
Nevada Operations Office

Coordination and Information Center
3084 South Highland Drive
P.O. Box 98521
Las Vegas, NV 89106

(702) 295-0731

Public Reading Room for U.S. Department of Energy
Fernald Operations Office

Public Environmental Center
JANTER Building 10845
Hamilton-Cleves Highway
Harrison, OH 44503

(513) 738-0164

Public Reading Room for U.S. Department of Energy
Savannah River Operations Office

DOE Public Reading Room
University of South Carolina - Aiken Campus
Grigg-Graniteville Library
2nd Floor
171 University Parkway
Aiken, SC 29801

(803) 641-3320

Public Reading Room for U.S. Department of Energy
Oak Ridge Operations Office

Public Reading Room
55 Jefferson Avenue
Oak Ridge, TN 37831

(615) 576-1216

Public Reading Room for U.S. Department of Energy
Richland Operations Office

Washington State University Tri-Cities
100 Sprout Road, Room 130 West
Richland, WA 99352

(509) 376-8583
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- Other Locations -

Concord Branch Library

2900 Salvio Street
Concord, CA 94519

(510) 646-5455

George A. Smathers Libraries, Library West

University of Florida Library, Room 241
P.O. Box 11701
Gainesville, FL 32611-7001

(904) 392-0367

Jacksonville Public Library

Documents Department
122 North Ocean Street
Jacksonville, FL 32202

(904) 630-2665

Atlanta Public Library

Government Documents Section
I Margaret Mitchell Square
Atlanta, GA 30303

(404) 730-1700

Reese Library

Augusta College
2500 Walton Way
Augusta, GA 30904-2200

(706) 737-1744

Chatham-Effingham-Liberty Regional Library

2002 Bull Street
Savannah, GA 31401

(912) 234-5127

Boise Public Library

Government Documents Section
715 South Capitol Boulevard
Boise, ID 83702

(208) 384-4023

INEL Oversight Program Library

Idaho Department of Health & Welfare
1410 North Hilton, Third Floor
Boise, ID 83706

(208) 334-0498

Idaho Falls Public Library

457 Broadway
Idaho Falls, ID 83402

(208) 529-1462

Pocatello Public Library

812 East Clark Street
Pocatello, ID 83201

(208) 232-1263

Twin Falls Public Library

Reference Desk
434 Second Street East
Twin Falls, ID 83301

(208) 733-2964

Amargosa Valley Community Library

HCRoute 69, Box 401-T
829 Farm Road
Amargosa Valley, NV 89020

(702) 372-5340

Carson City Public Library

900 North Roop Street
Carson City, NV 89701

(702) 887-2244 or (702) 887-2245

Nye County Nuclear Waste Repository
Project Office

P.O. Box 1767
475 St. Patrick Street
Tonopah, NV 89049

(702) 482-8183

Brunswick County Government Center

Mr. Wyman Yelton, City Manager
P.O. Box 249
45 Court House Drive, NE
Bolivia, NC 28422

(910) 253-4331

Pembroke State University Library

I University Drive
Pembroke, NC 28372

(910) 521-6265
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- Other Locations (Continued) -

D. H. Hill Library

North Carolina State University
P.O. Box 7111
Raleigh, NC 27695-7111

(919) 515-3364

New Hanover County Public Library

Attn: Daniel Horn
201 Chestnut Street
Wilmington, NC 28401

(910) 341-4390

Brantford Price Millar Library

Portland State University
934 S.W. Harrison
Portland, OR 97201

(503) 725-4617

Charleston County Main Library

404 King Street
Charleston, SC 29403

(803) 723-1645

South Carolina State Library

1500 Senate Street
Columbia, SC 29201

(803) 734-8666

Berkeley County Library

100 Library Street
Monks Corner, SC 29461

(803) 722-3550

Otranto Regional Library

2261 Otranto Road
North Charleston, SC 29418

(803) 572-4094

Clinton Public Library

118 South Hicks Street
Clinton, TN 37716

(615) 457-0519

Lawson McGhee Public Library

500 West Church Avenue
Knoxville, TN 37902

(615) 544-5750

Memphis/Shelby County Public Library and
Information Center

1850 Peabody Avenue
Memphis, TN 38104

(901) 725-8800

Oak Ridge Public Library

Civic Center
Oak Ridge, TN 37830

(615) 482-8455

Rosenberg Library

Attn: Judy Young
2310 Sealy Avenue
Galveston, TX 77550-2296

(409) 763-2526

Houston Public Library

Attn: Social Sciences
500 McKinney
Houston, TX 77002

(713) 247-2222

Hampton Public Library

4207 Victoria Boulevard
Hampton, VA 23669

(804) 727-1154

Newport News Public Library

Grissom Branch
366 Deshazor Drive
Newport News, VA 23602

(804) 886-7896

Kirn Library

301 East City Hall Avenue
Norfolk, VA 23510

(804) 441-2429
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- Other Locations (Continued) -

Portsmouth Public Library

Main Branch
601 Court Street
Portsmouth, VA 23704

(804) 393-8501

Owen Science & Engineering Library

Washington State University
Pullman, WA 99164-3200

(509) 335-4181

Seattle Public Library

1000 Fourth Avenue
Seattle, WA 96104

(206) 386-4636

Suzallo Library, SM25

University of Washington Libraries
University of Washington
Seattle, WA 98185

(206) 543-9158

Foley Center

Gonzaga University
East 502 Boone Avenue
Spokane, WA 99258

(509) 328-4220, Extension 3125

Pierce County Library

300 512th Street, East
Tacoma, WA 98446

(206) 536-6500

Tacoma Public Library

1102 Tacoma Avenue South
Tacoma, WA 98402

(206) 591-5666
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Technical Strategy for the Treatment, Packaging, and Disposal of Aluminum-Based Spent Nuclear Fuel

* Preface
This document, Technical Strategy for the Treatment, Packaging, and Disposal ofAluminum-Based
Spent Nuclear Fuel, is a report to the U.S. Department of Energy (DOE) by the Research Reactor
Spent Nuclear Fuel Task Team.

During the six-month period from November 1995 through April 1996, the Task Team
examined the wide-ranging technical issues attendant to achieving safe and cost-effective disposal
of the aluminum-based spent nuclear fuel under DOE's jurisdiction. This fuel is from research
and test reactors, both U.S. and foreign; some is already in temporary wet storage at DOE's '
Savannah River Site, and the balance will be sent there over the next two decades.

Disposal of aluminum-based fuel raises issues which are different, and in some respects more
challenging, than those presented by other types of DOE and commercial spent nuclear fuels.
Given the expected unavailability of fuel processing capability beyond current operational
commitments, alternative means of rendering this fuel safe and stable for ultimate disposal are
required. DOE convened the Task Team to identify and evaluate treatment/packaging
alternatives, and to recommend a technical strategy for the selection, development and
implementation of one or more alternatives.

This report, and its underlying evaluations, are primarily technical in nature. While DOE's final
decisions on the path forward for the aluminum-based fuel must properly take into account the
full spectrum of budget, policy and other institutional considerations, the Task Team was
charged with an evaluation of the issue on technical grounds, and the findings and
recommendations herein reflect its consensus judgments as to the technically preferred course of
action.

Achieving a final and satisfactory resolution of this multifaceted matter will be a continuing
process of assessment, development, adjustment and convergence. This report offers a path
forward, an important next step in that process.
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Cover Illustration: Artist's rendition of Repository Co-Disposal Waste Package,
with the spent nuclear fuel canister highlighted in blue (see Figure 1.3-1).
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1. The Assessment - An Overview
In November 1995, the Department of Energy (DOE) Office of Spent Fuel Management
established the Research Reactor Spent Nuclear Fuel Task Team to assist in developing a
technical strategy for interim management and ultimate disposition of the foreign and domestic
aluminum-based research reactor spent nuclear fuel (SNF) in DOE's jurisdiction, including both
current inventory and expected receipts. The Team's work is documented in this two-volume
report. Volume I (this volume) provides a technical synopsis of the fuel in question and the
issues involved, and summarizes the Team's evaluations, findings, and recommendations to
DOE. Volume II is a compendium of supporting technical information.

The following is a brief overview of this work.

U 1.1 Background

Within DOE, two organizations share the overall responsibility for assuring the safe disposal of
the nation's SNF inventory. The Office of Civilian Radioactive Waste Management (OCRWM)
is responsible for SNF and high-level radioactive waste (HLW) disposal, including the
development and licensing of a geologic repository. The Office of Environmental Management
(EM) is responsible for the interim management and preparation for disposal of the non-
commercial (e.g., DOE-owned) SNF. The latter primarily includes SNF generated within
DOE's nuclear materials (including nuclear weapons materials) and research programs. EM'S
Office of Spent Fuel Management (EM-67) establishes the methods to be employed in the
treatment, packaging, storage, and preparation for disposal of the SNF, including both current
inventory and expected receipts.

This aluminum-based SNF is from research and test reactors in the United States, or from
foreign research reactors (FRR).a All is either presently stored at the Savannah River Site (SRS)
or is planned for future storage there after shipment from other U.S. locations, including DOE
sites, or the FRR sites.

While research reactor fuel is a relatively small part of the DOE's SNF inventory (see Figure >
2. 1-1) - and very small when contrasted to the large quantities of commercial power reactor fuel
requiring disposal - it is quite significant in terms of technical challenge. About three quarters
(74%) by volume is in the form of high-enriched uranium (HEU)b, introducing criticality
control issues not present for commercial fuel disposal. The fuel is constructed of aluminum
(either as cladding or as an uranium-aluminum alloy fuel material) and is therefore more

For purposes of this report all of this material will be considered "research reactor SNE"

HEU is defined as material for which >20% of the uranium is U-235. Low-enriched uranium (LEU) contains <20% U-235.
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vulnerable to corrosion than commercial SNF. There are several different types of research
reactor fuel, of various size, shape, material, and structural configuration, with attendant
differences in handling, packaging, and treatment requirements.

Establishing a success-oriented course of action for the management and disposal of the
research reactor fuel is a matter of high priority to DOE. Disposal in the geologic repository
is not anticipated until 2015, and perhaps later, necessitating provisions for the safe interim
management of this material for a potentially long time. The continued use of existing wet
storage facilities at SRS that are not adequate or cost-effective for extended storage of SNF
cannot be relied upon for the long term.

The expected unavailability of SRS processing capability beyond about 2002 is another
important issue. This loss of processing capability creates an immediate need to identify
those select fuels having unique safety, technical, or other characteristics that present difficult
or expensive disposal options. For these few fuels, processing within the existing SRS
canyons while they are operating may be the most practical solution. For the remainder, the
identification of new treatment and interim management capability is essential.

Finally, safe handling and disposal of foreign research reactor fuel is in the United States'
national interest, consonant with U.S. policy and concerns regarding nuclear materials
safeguards.' It is important for DOE to demonstrate to national and local stakeholders that
DOE has a well conceived, viable path forward for this material.

U 1.2 The Task Team

The DOE Office of Spent Fuel Management chartered the Research Reactor Spent Nuclear
Fuel Task Team to assist in developing a technical strategy for interim management and

I ultimate disposition of the research reactor SNE Team members were drawn from the DOE
complex and outside support organizations, providing a broad base of experience and
capability germane to this problem. They were organized into a small core unit, a group of
specialists in supporting roles, and a DOE steering committee.

lThe Team's primary task was to evaluate and compare alternative treatment and packaging
technologies which could be utilized in place of conventional processing to achieve safe andK cost effective interim storage and ultimate disposal of the SNE The Team was asked to
produce a recommended course of action, leading to final technology selection(s),
development and (if possible) implementation by the year 2000.c

Eleven technologies were initially identified for potential use in the treatment of research
i reactor SNF (see Table 1.2-1). Several are applications of existing technologies while others

may be considered "new" in their application to the treatment of SNE These technologies

'The Team's assignment is consistent with DOE's Record of Decision (ROD) pursuant to the Environmental Impact Statement
on the Proposed Nuclear Weapons Nonproliferation Policy Concerning Foreign Research Spent Nuclear Fuel.
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Table 1.2-1. Treatment Technologies for Aluminum-Based
Spent Nuclear Fuel

Direct Disposal - The SNF would be placed into small waste packages, ready for direct
disposal, with fuel quantities limited to satisfy repository criticality requirements.

Direct Co-Disposal - The SNF canisters would be disposed by placement in repository
waste packages which contain HLW glass logs. Fuel quantities may be limited to satisfy
repository criticality requirements.

Can-in-Canister - A critically safe quantity of SNF would be placed in a can. This can is
placed in a canister into which HLW glass is poured to form a solidified unit.

Press and Dilute/Poison - To minimize volume, the SNF would be mechanically
compressed and either diluted with depleted uranium or mixed with a neutron poison.

Chop and Dilute/Poison - The SNF would be chopped into small pieces and diluted
with depleted uranium or mixed with a neutron poison.

Melt and Dilute - The SNF would be melted and diluted with depleted uranium.

Plasma Arc Treatment - The SNF would be placed directly into a plasma centrifugal
furnace with depleted uranium and neutron absorbers, where it would be melted and
converted into a HLW ceramic waste form.

Glass Material Oxidation and Dissolution System - The SNF would be placed in a
glass melt furnace where it is oxidized by lead dioxide and converted into a HLW glass
waste form.

Dissolve and Vitrify - The SNF would be dissolved and mixed with depleted uranium to
dilute the HEU to LEU. The mixture is then fed into a vitrification plant for conversion
to a HLW glass waste form.

Electrometallurgical Treatment - The SNF would be melted with silicon and
electrorefined. The bulk of the aluminum would be electrolytically removed for disposal
as low-level waste; the residual aluminum, actinides, and fission products would be
vitrified. Pure uranium would be recovered.

Chloride Volatility - The SNF would be reacted at high temperatures with chlorine gas
and all of the materials converted to a volatile gas. The uranium, actinides, and fission
products would be separated from each other by cooling and distillation.
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differ in terms of technical maturity, facilities required, costs, and waste forms produced. Some
are relatively simple in their technical approach and can be expected to be less costly to
implement than others. Other considerations, however, such as repository waste form
acceptability and flexibility to accommodate a wider range of materials, may favor the more
complex technologies. The Team employed a comparative scenario (processing using existing
SRS facilities followed by co-disposal) for comparison with the alternative technologies.

During its six-month term, the Team conducted a series of parallel investigations, compiling
technical information on the SNF in question, on the candidate treatment technologies, on
repository requirements, and on storage, handling, and packaging systems. In each area, experts
and advocates were engaged to provide the fullest possible understanding of the matter at hand.
The Team then conducted a comparative evaluation of the treatment technologies, considering
such factors as technical suitability, cost, schedule, and technical maturity.

* 1.3 Findings

From its evaluation and comparison of technologies, the Team derived the following broad set of
findings:

* Numerous viable options exist for the safe, cost-effective treatment, packaging, storage, and
disposal of research reactor SNF. DOE's timetable can be met.

* A determination of repository waste form acceptance is essential for all of the technologies.
While all of the waste forms under consideration are expected to be technically satisfactory,
some may be more difficult to qualify than others in that they are significantly different than
commercial SNF or HLW.

* As a packaging strategy, co-disposing any of the waste forms with packaged vitrified HLW
appears technically sound and cost-effective.d (See Figure 1.3-1.)

* For a few of the research reactor fuel types (a small part of the inventory), processing using
existing SRS facilities is the most practical and cost-effective approach. These small
quantities could be accommodated easily at SRS while the canyons are still available for other
uses.

* For all technologies considered, a new facility for receipt, handling, and packaging of fuel
appears cost beneficial in that it would permit early closure of the existing SRS wet storage
basins. (See Figure 1.3-2.)

d Vitrified HLW is the "glass log" waste form created by the Defense Waste Processing Facility (DWPF) at SRS, or comparable
processes.

.1.
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DOE SNF Canister
Inner Barrier Lid Outer Barrier Lid

\rs ~i

Inner Barrier Lid

Outer Barrier Lid

Figure 1.3-1. Co-Disposal Package - A Packaging Strategy Attractive for All Options

Transfer Facility
(Required for all Opfions)
* Inspection * Receipt
. Packaging * Handling - -

Interim Storage Area
Co-Located with Transfer Facility

(Vault or Modular Storage, Installed in Sections
on Time Frame to Meet Storage Needs)

Treatment Module
Added (if needed) for

Selected Treatment System

Figure 1.3-2. Spent Nuclear Fuel Dry Transfer Facility (Needed for all Options)
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* 1.4 Recommendations

Based on these findings, the Team recommends the following course of action.

* DOE should proceed with the parallel development of at least two treatment technologies.
The recommended choices are:

- Direct Disposal (co-disposal packages) as the primary approach.
- A dilution option, Press and Dilute or Melt and Dilute (as selected by further

evaluation), as the backup.
The final approach may require one or both of these in concert with selective processing.

* DOE should utilize the existing SRS processing capability for those few fuel types for which
processing clearly is the most cost effective and timely treatment method.

* DOE should retain an advanced technology option as a secondary and diverse backup,
should one be needed. Electrometallurgical Treatment was evaluated as a potentially strong
technical candidate. Its development is well along and will continue without additional
funding from the spent fuel program, while the direct disposal and the dilution technologies
are being developed.

* DOE should begin immediately to work with the Nuclear Regulatory Commission (NRC)
and other regulatory authorities to reach agreement on SNF disposal requirements, and
particularly on HEU waste forms.

* DOE should move ahead with the planning, funding, and design for an SNF transfer facility.
It should be designed to accommodate a treatment module based on technology selection(s)
made later.

* To achieve the schedule desired by DOE, a strong, focused and results-oriented effort is
required. It is recommended that a project approach be employed.

The following sections of this Volume I provide further detail regarding the Team's
evaluations, findings, and recommendations.
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2. The Problem - Scope,
Dimensions and Technical Issues

a 2.1 Aluminum-Based SNF: An Overview

Aluminum-based research reactor fuel is a small part (less than 1% by volume) of the total
inventory of SNF and HLW that is to be disposed in a geologic repository (Figure 2. 1-1). This
small amount, however, is a significant challenge because it includes a number of fuel types
having differing geometries, materials, and characteristics.

Aluminum-based SNF is currently stored under water at all sites, but continued long-term wet
storage is not desirable. Aluminum is more susceptible to corrosion in water than the materials
used in other fuel types, and several of the aluminum-based fuel types have degraded in wet
storage. Improvements in water chemistry control and canisterization have greatly reduced this
ongoing degradation, such that there are no near term health and safety concerns for the workers
and the public.e However, the underlying concerns regarding the adequacy of wet storage
remain.

Much of the aluminum-based research reactor SNF is significantly higher in enrichment than
commercial fuel, a distinction which is potentially important for repository disposal.
Commercial fuels generally have enrichment values of about 2%. Many research reactor fuels

DOE Non-Aluminum SNF

1,805 m3(5%)
(5%)A

Commercial SNF

34,700 mr (94%)

DOE Aluminum SNF* \1

255 m3 (<I%) "V

* SRS aluminum-based SNF already designated for chemical stabilization is not included

Figure 2.1-1 Total SNF Volume for Repository Disposal through 2035 - Commercial/DOE

For several of the existing fuels, the concern for further degradation was such that DOE has already decided to process these
fuels in the Savannah River canyons. For additional information, please refer to the Supplemental Record of Decision (issued
2/96) on the Interim Management of Nuclear Materials at the Savannah River Site.
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\ have enrichments that exceed 90%, and even the lower enriched ones have enrichments of about
20%. Higher enrichments pose potential concerns regarding criticality and diversion that must
be considered carefully in the evaluation of disposal options.

Some of the fuel types included in this evaluation (about 6% of the total by volume) may not be
suitable for direct disposal, per present regulatory interpretation, without treatment. These are
uranium metal fuels, uranium-thorium metal fuels, particulate fuels, and failed and sectioned
fuels. Also, some target material fuels are normally shipped in forms not well suited to disposal
(powders) and a determination needs to be made whether they can be shipped by the reactor
operators in a more suitable form. I(O

Less than 10% of the research reactor SNF is currei ored at the SRS. Not counting that
' which is slated for processing, SRS currently stores (16. m3 (33.5 metric tons heavy metal

[MTHM]) of aluminum-based SNF. This quantity sexpected to increase to 255 m3 (62.4
MTHM) by 2035 due to redistribution of SNF from other DOE sites, including the Idaho
National Engineering Laboratory (INEL), and to SNF receipts from domestic research reactors
and from foreign research reactors (Figure 2 .1-2 ).f Figures 2.1-3 and 2.1-4 depict projections of

200

180

160

140

120
E

E 100
E

> 80

60

40

20

HEU LEU

Figure 2.1-2 Aluminum-based HEU and LEU SNF to be Managed at SRS

' Various parameters are commonly used to quantify SNF, including volume, number of assemblies, total weight and weight of

heavy metals. For consistency, units of volume will be used in this report, unless another parameter is more meaningful within
a particular discussion.
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the annual SRS receipt rates of high and low-enriched research reactor SNF; these were used by
the Team to estimate the treatment and handling requirements for the candidate treatment
technologies.

Fact sheets for the major research reactor fuel types are included on pages 13-19. More detailed
discussion of SNF inventories and projected receipts can be found in Appendix A.

U 2.2 Issues

Among the many technical and policy issues which DOE must address in establishing a
successful path forward for the safe and economical disposal of the SNF in question, the
following are particularly significant:

Adequacy of Existing Storage Facilities

Although DOE has taken positive steps to improve the safety of existing SNF storage at SRS, wet
storage is not suitable over the long term. In particular:

* Long-term underwater storage of aluminum fuels is not desirable because of the potential for
corrosion, even with well-maintained water chemistry.

* Wet storage costs are high. Operations and maintenance (O&M) costs are substantially
greater on a unit basis for wet storage than for dry, and some of the existing wet storage
facilities do not meet current requirements and would have to be upgraded for long-term use.

* Available storage space and cask handling capabilities are limited and may not meet future
needs.

Repository Availability

The repository availability date, currently estimated at 2015 for DOE SNF, is uncertain.
Therefore, interim storage must be suitable for an extended and as yet indeterminate period of
time.

Repository Acceptance Criteria

Repository acceptance criteria are not yet established, and are vulnerable to change in the years
prior to repository availability. The recommended path forward must recognize and
accommodate this uncertainty. Of particular importance are:

* Materials requirements, due to the susceptibility of aluminum to corrosion.

* HEU disposal requirements, considering nuclear criticality and diversion potential.
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Cost

The recommended course of action must be compatible with practical limitations on DOE
funding, both near term and long term. Furthermore, predictability of costs for SNF treatment
and disposal options is limited; recommendations must take cost uncertainty into account.

Proliferation

The recommended technical strategy must be consistent with U.S. policy with respect to
nonproliferation of nuclear weapons materials.

Availability of Processing Capability

Processing capability at SRS is currently projected to be available only until existing
commitments are met; that is, until about 2002.9 Other SNF for which processing is necessary or
desirable must be identified and authorized in that time frame.

Decision Timing

Based on plans to phase out processing capability at SRS, DOE must have in place by the year
2000 a firm plan for disposition of the SNF addressed in this study.

9 For additional information on existing commitments made by DOE to the Defense Nuclear Facilities Safety Board (DNFSB),
please refer to the "Defense Nuclear Facilities Safety Board Recommendation 94-1 Implementation Plan," U.S. Department
of Energy, February 1995.

____________________ .1
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M I M.

Materials and Test Reactor (MTR) Fuel

Fuel Description
MTR fuel elements are used in the majority of research reactors. These fuel elements exist in a variety of shapes of
roughly the same size, and typically the reactors operate at thermal powers from Imegawatt (MW) to 50 MW.
MTR spent fuel elements make up 71 % of the volume of aluminum SNF that will be managed at the Savannah
River Site (SRS) by 2015.

Handle Physical Characteristics
* Dimensions - 1.2 meters long (0.8 meter with

ends cut) by <8 cm square
t2m i ~z Y 0 l * Materials - Uranium-aluminum, uranium

oxide-aluminum, or uranium silicide-
aluminum alloy, clad with aluminum

Fuel Plate * Uranium - Typically less than 2 kg of uranium
(1 9 Plates)-Tpialyk

clad AO~l f /per element
7. * Enrichment - U-235 enrichment varies from

care \ 1 ~ Side 00 just below 20% to as high as 93%
l8 atie i Kate * Construction - Rectangular or cylindrical

cross-section containing up to 25 flat or curved
051 ~~~~~~~~~~~~~plates

0,38 Number of Elements
Coamb HEU - approx. 22,000 by 2015

Fuel Plate * LEU - approx. 9,200 by 2015

Sources and Condition
* University research reactors in U.S., foreign

Adopter research reactors
Before Culting

~~~~~~~* Fuel is intact with good cladding integrity

Inventory
Current HEU inventory at SRS i
6.4 m3

, but will grow to
134 m3 by 2015. Current LEU
inventory is 0.8 M3 , but will grov
to 47 M3 , by 2015.

Receipts of HEU MTR fuel are
expected to decline from 2002 -
2008 as foreign reactors convert
to LEU fuels; LEU receipts will
increase for the same reacon.

4 ~~~~~~Volumes of SNF by Type (by 2015)<

5

15 1 2 0. 0 : : LEU Volume (mi
3

)

100.0

80.0

60.0

40.0

20.0

MTR 71% HFIR 8% RHF 5% TRR 1% EBR-I1 1% Other 14%/
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M. I M.

High Flux Isotope Reactor (HFIR) Fuel

Fuel Description
HFIR uses a dual annulus, involute fuel plate design. Only one element is used in the reactor at a time, typically

operating at a thermal power of 85 MW. HFIR spent fuel elements make up about 8% of the volume of aluminum
SNF that will be managed at the Savannah River Site (SRS) by 2015.

Physical Characteristics
OUTER -UWS. 369 P.TES * Dimensions - 0.80 meters long with an outside
/ I:EP StUOLUS. 1T1 PLATES r

NOTE: NOT TO SCALE -/ ' diameter of 43 cm
* Materials - Uranium oxide-aluminum matrix, clad

*OALUUIRUR PTOk 8 with aluminum

* Uranium -10 kg of uranium per element (total
element weight is 136 kg)
Enrichment - U-235 enrichment of 93%

I . . l lllll llll * Construction - Primarily aluminum with 171
involute fuel plates in the inner annulus, and 369
involute fuel plates in the outer annulus

.. | Number of Elements
l | 284 HEU elements expected by 2015 (one element

discharged from the reactor per month)

Sources and Condition

0 High Flux Isotope Reactor at Oak Ridge
Fuel is intact with good cladding integrity

Inventory
Currently there are no HFIR spent fuel
elements at SRS, but by 2015 they will
make up approximately 19.3 m3 of the
HEU SNF. Shipments of HFIR fuel
from the storage basin at Oak Ridge are
expected to begin in 1996 and continue
at a constant rate through 2009, and at
double that rate through 2015.

Volumes of SNF by Type (by 2015)

200.0 -

1 80.0

1 ~~~~~~~~~~~ ~~~LEU Volume (in
3
)

140.0 - HEU Volume (m
3
)

120.0

100.0

80.0

20.0-

0.0-
MTR 71% HFIR 8% RHF 5% TRR 1% EBR-11 1% Other 14%/
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"11M.

Reactor a-Haut Flux (RHF) Fuel

Fuel Description
RHF uses an annulus, involute fuel plate design. Only one element is used in the reactor at a time, typically
operating at a thermal power of nearly 60 MW RHF spent fuel elements make up more than 5% of the volume of
aluminum SNF that will be managed at the Savannah River Site by 2015.

Physical Characteristics
Ri rPM, th Dimensions - 0.97 meters long with an outside

Adft. F.W L-th ,diameter of 41 cm and inside diameter of 27 cm
* Materials - Uranium-aluminum alloy, clad with

aluminum

* Uranium - Up to 9.2 kg of uranium per element
(total element weight of 100 kg when cut)

- * ~~~Enrichment - U-235 enrichment as high as 93%

o* onstruction - Up to 280 involute fuel plates in
the annular space between two aluminum tubes

Number of Elements
* 86 HEU elements expected by 2015

Sources and Condition
* RHF is a French research reactor

Al k i* Previniios receints bave been in good condition- -- .-- -1. -____1 __ ___ . - - ____ - I- - - _.

A-*.. WoLft F. RPkd

Inventory
RHF fuel constitutes about 0.5 m3 of
the current HEU SNF at SRS, and will
be approximately 14.0 m3 by 2015.

Shipments of RHF fuel from France to
the SRS are expected to resume between
2001 and 2008.

Volumes of SNF by Type (by 2015)

200.0-

180.0-

160.0 - | * LEU Volume (m3)

140.0 - HEU Volume (m 
3

120.0-

100.0

80.0-

60.0-

40.0 -
20.0

0.0- 71% - 85%-
MTR 71 % HFIR 8% RHF 5% TRR lob EBR-11 1%/ Other 14%
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1"T RN
Taiwanese Research Reactor (TRR) Fuel

Fuel Description
TRR fuel is configured in long natural uranium fuel rods. Due to their poor condition they have been enclosed in
canisters for storage. TRR spent fuel comprises less than 1% of the volume of aluminum SNF that will be managed
at the Savannah River Site (SRS) by 2015. Condition of the TRR fuel warrants special consideration.

SECTIMt A-A

Physical Characteristics
* Dimensions - 3.0 meters long by 13 cm diameter canisters containing fuel rods

* Materials - Uranium metal clad with aluminum

* Uranium - 140 kg total uranium per canister

* Enrichment - Natural or depleted

* Construction - Large canisters containing uranium metal rods clad in aluminum

Number of Elements
* 143 canisters currently in inventory at the Receiving Basin for Offsite Fuels (no additional receipts planned)

Sources and Condition
* Taiwanese Research Reactor

* 81 of the 143 canisters are degraded, and the decision has already been made to process them. The remaining
62 canisters are intact; the fuel inside is degraded but its precise condition is not known.

Inventory
There are 143 canisters of TRR spent
fuel rods at SRS. The 62 canisters not
already designated for processing
contain 1.5 m3 of aluminum LEU
SNF.

Volumes of SNF by Type (by 2015)

200.0-

180.0

160.0 - LEU Volume (m3)

140-0 - HEU Volume (m
120.0

100.0

80.0-

60.0-

40.0 -
20.0-

0.0*
MTR 71% HFIR 8% RHF 5% TRR 1% EBR-11 1% Other 14%
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Experimental Breeder Reactor (EBR-II) Blanket Fuel

Fuel Description
EBR-II blanket fuel rods are enclosed in long aluminum canisters. EBR-II fuel is about 1% of the volume of
aluminum SNF that will be managed at the Savannah River Site (SRS) by 2015.

Physical Characteristics
* Dimensions - 4.2 meters long by 12 cm diameter aluminum canisters containing blanket fuel rods

* Materials - Declad uranium metal
* Uranium - 280 kg total uranium per canister

* Enrichment - Natural or depleted

* Construction - Large aluminum canisters containing declad uranium metal slugs

62-7116 in.

6-in. SPRING - 5 SLUGS DEPLETED U, 0.433 in. OD x 11 in. LONG EACH

Na LEVEL .200
in.

CLADDING: 304SS
0.493-in. OD
0.018-in. WALL

Number of Elements
* 60 canisters currently in inventory at SRS (no additional receipts planned)

Sources and Condition
* Experimental Breeder Reactor II at Argonne National Laboratory - West
* All but one of the aluminum canisters is intact; condition of the fuel inside the canisters is unknown

Inventory

There are 60 canisters of EBR-II spent Volumes of SNF by Type (by 2015)
blanket fuel rods at SRS. One of these 200_0_-
canisters is leaking and has been 200.0

designated for processing in the canyon 180.0 L

facilities at SRS. The remaining 59 160.0- _ LEUVolume(M)

EBR-II canisters comprise about 3.0 m3 140.0 - D HEUVolume(m 3)

(or 1% by volume) of aluminum LEU 120.0

SNE.111
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Other Non-MTR Fuel

Fuel Description
This category includes assorted fuel elements of various configurations and sizes, not similar to MTR fuel or the
other fuel types tabulated. Most is in the form of clusters or bundles of fuel pins or fuel rods of varying lengths.
Several of these fuel types contain both the high-enriched and low-enriched materials. Spent fuel elements in this
category make up 14% of the volume of aluminum SNF that will be managed at the Savannah River Site by 2015.

Fuels Included No. Elements Volume (i 3 ) in 2015

* Core Filter Block (LEU) (Advanced Reactivity
Measurement Facility/Coupled Fast Reactivity
Measurement Facility) 1 0.03

* Sandia Pulse Elements (HEU) 38 3.8
* Sterling Forest Oxide Powder (HEU) 260 4.5
* Canadian Pin Clusters (HEU and LEU) 2805 26.0
* Canadian Pin Bundles (HEU) 12 0.1
* South Korean Pin Clusters (LEU) 168 1.2

Physical Characteristics
* Dimensions - Bundles and clusters of pins or rods up to 413 cm in length, core filter - 23 cm square by 76 cm

long
* Materials - Uranium-aluminum or uranium oxide-aluminum; uranium metal (core filter)
* Uranium - Up to 2 kg uranium per element
* Enrichment - U-235 enrichment varies from just below 20% to as high as 93%, except the core filter which is

0.6% U-235
* Construction - Small diameter pins or rods in clusters or bundles; a portion of the Sterling Forest Oxide is

powder in cans

Sources and Conditions
* Foreign research reactors in Canada and South Korea; Sandia National Laboratory, Idaho National Engineering

Laboratory; and a non-DOE facility in New York.

Inventory
The only spent fuel in this category Volumes of SNF by Type (by 2015)

that is at the Savannah River Site
currently is the Sterling Forest Oxide. 200.0-

By 2015, fuel in this category will 180.0 L V

amount to 19.4 M3 of the HEU SNF 160.0 _ LEU Volume (m)

inventory, and 15.9 m3 of the LEU 140.0 - HEU Volume (m3
)

SNF inventory. 120.0-

100.0

80.0

60.0

40.0

20.0

0.0 MR 7 I I , I _TA V- 1 t I
MTR 71 % HFIR 8% RHF 5% TRR 1% EBR-11 1% Other 14%/
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Other Non-MTR Target Material

Material Description
Special target material to be received under the Foreign Research Reactor Environmental Impact Statement. This
material is configured into targets for irradiation of molybdenum to produce technetium 99 for medical purposes.
The material exists as a liquid and is solidified to a powdered form, similar to the Sterling Forest Oxide fuel, prior to
shipment to the U.S.

Physical Characteristics
* Dimensions - Cans for HEU similar to the Sterling Forest Oxide (6.3 cm diameter, 27.9 cm long)
* Materials - Uranium-aluminum or uranium oxide-aluminum

* Uranium - Average of 4 0g U-235 per can
* Enrichment - U-235 enrichment varies from just below 20% to 93%

* Form - Currently exists in liquid form, but will be solidified to a powder after removal of molybdenum and
technetium

Sources and Conditions
* Foreign research reactors in Canada, Belgium, Argentina and Indonesia
* A total of 556 kg of uranium is contained in this material, 216 kg as HEU and the remainder as LEU

Inventory
* 6,750 cans will be received (6.5m3)
* None of this material is at the Savannah River Site currently

* Specific receipt rates for this material are not yet known
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3. Constructing a Path Forward
- Key Building Blocks
The first step in developing a technical strategy for the treatment, packaging, and disposal of the
research reactor SNF is to identify and examine, in relative isolation, the major issues. Three
specific areas of investigation were considered key:

* Repository and waste form considerations

* Receipt, handling, and storage provisions

* Treatment technology alternatives

These are discussed in the following sections.

* 3.1 Repository Considerations

* U 3.1.1 Waste Form Requirements, in General

Any waste form accepted for disposal in a high-level radioactive waste geologic repository must
comply with the provisions of the Nuclear Waste Policy Act (NWPA). As "spent nuclear fuel"
(as defined in the NWPA), the research reactor fuel can be considered for repository disposal.
Other non-fuel waste forms from the SNF treatment technologies under consideration would
have to be classified by NRC as "high-level waste" in order to be considered for disposal in the
repository.

Repository disposal of the waste forms from the treatment technology options will have to
comply with the licensing provisions of 10 Code of Federal Regulations (CFR) Part 60 and
applicable DOE Office of Civilian Radioactive Waste Management acceptance criteria. The
OCRWM waste form criteria used in this study are provided in the Waste Acceptance System
Requirements Document (for high-level waste products)2 and the Preliminary Requirements for the
Disposition ofDOE Spent Nuclear Fuel (for research reactor SNF).3 These criteria are outlined in
Section 4.1 of this report, along with an assessment of the degree to which the waste forms
resulting from each treatment technology meet those criteria.

* * 3.1.2 Criticality Control

As noted in Section 2, much of the research reactor fuel is HEU. For that reason, criticality
control is an important consideration in establishing waste form suitability for this material. It
has been shown that the probability of occurrence of a criticality event within a repository is
quite small and that the dose consequences from such an occurrence would be negligible.4

However, these results are not presently reflected in regulatory requirements. Therefore, for
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purposes of this study, the Team based its comparison of alternatives on the premise that the
amount of fissile material that could be placed in any disposal canister should be limited to that
which would preclude a repository criticality event, with high likelihood. This approach is
consistent with that currently taken for the geologic disposal of commercial SNF.

Presently, NRC regulations for criticality control state that "the calculated effective multiplication
factor (keff) must be sufficiently below unity to show at least a 5% margin, after allowance for the
bias in the method of calculation and the uncertainty in the experiments used to validate the
method of calculation."5 OCRWM has recommended that NRC revise this requirement to
allow for criticality control to be demonstrated on a probabilistic risk analysis approach.6'7 To
achieve true cost-effective risk control in the repository post-closure, the criticality aspects of 10
CFR 60 must be changed.

With this in mind, the Team established a range of planning values for fissile mass loadings
within a waste package, based on package configuration and the enrichment level of the
contained SNF. Three enrichment categories are addressed: HEU (Ž20% U-235), LEVi-
(between 2% and 20% U-235), and V(ery) LEU (<2% U-235). For these three cases, the
regulatory kif limit of 0.93 (i.e., 0.95, less allowance for uncertainty and bias) translates to a
maximum per-package fissile content as follows:h

* For HEU, each package is limited to 14.4 kg U-235.

* For LEU, each package is limited to 43 kg U-235.

* For VLEU, each package is limited to 200 kg U-235.

This approach is considered to be conservative, based on current models and information, and is
similar in concept to that expected to be applied to commercial SNF.' 8 As more complete
technical information becomes available, such as waste form characteristics, waste package
detailed design, and repository environment, it may be possible to increase the permissible per-
package fissile mass loading.

This fissile mass loading analysis and further comment on the criticality aspects of 10 CFR 60
are included in detail in Appendix B of this report.

h In these calculations, no burnup credit has been applied. For research reactor SNF (unlike commercial fuel) burnup credit
does not yield a great benefit in criticality analyses because of initial high enrichment and relatively low average atom
percent burnup. (Typically, less than 20% of the initial U-235 atoms are fissioned, yielding end enrichments in the 60-
70% range.) Furthermore, because of the variety of research reactor fuel types and the variation in their operating
histories, obtaining burnup credit records for research reactor fuels may be impractical.

The analysis takes into account the anticipated degradation of aluminum. The calculated per-package fissile loadings
identified in this study for aluminum-based SNF, therefore, may not apply to more robust waste forms such as commercial
SNF or naval reactor SNE
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* 3.2 Provisions for SNF Receipt, Handling, and Storage

All of the treatment technologies will require a complete, integrated site infrastructure with
capability for SNF receipt, handling, characterization, interim storage, and preparation for
disposal. In many respects these capabilities would be similar for all of the treatment
technologies and all of the fuel types, but in some cases the requirements differ. Figure 3.2.-i is a
simplified process flow model showing the overall site infrastructure required. The following
briefly describes these functions and the facilities needed for their performance.

RBOF

Receiving Wet
_~-0 Area Prep, Storage

(upgraded) I Crop-- - - - - - - - - - - - - - - - - - - - - - -

(Interim Capability)
0

.L Basin

Receiving Wet
Area Prep, Storage

(upgraded) Crop I

(After Transfer
Faility is
Available)

E
0

Treatment Module
(if req'd)

Treatment Systems

New Transfer
Facility

Receipt
Characterization
Prep., Crop
Package
Drying System

New Dry
Storage

Area

Figure 3.2-1 SNF Receipt, Handling, and Storage

Receipt of SNF Shipments

It was assumed that all SNF will be transported in casks similar to the existing fleet. These will
be received at existing wet basin facilities until new transfer and handling facilities are
operational.
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Wet Basin Storage

Existing wet basins at SRS, specifically the Receiving Basin for Offsite Fuels (RBOF) and the L-
Reactor Basin (L-Basin), must be used for receipt and interim storage, at least until new facilities
can be constructed. Expected receipts during 1996 will bring RBOF to its full capacity. L-Basin
will be used for all new interim storage beginning in 1997.

Until new storage capacity is brought on-line, the inventory of SNF assemblies in L-Basin will
continue to grow. Once a new transfer facility (discussed below) becomes available, the L-Basin
and RBOF would be unloaded as quickly as the new process would permit, eliminating
dependence at SRS on wet storage for SNE Early availability of the transfer facility permits
removal (from RBOF), drying, and packaging of existing stainless steel and zirconium-clad SNE
This SNF has been identified for shipment to the INEL under the Programmatic EIS.
Following this effort, transfer facility operations would focus on aluminum-based SNF in
conjunction with startup of the treatment module.

Characterization

For the purposes of this study, it was assumed that only nominal characterization activities would
be required upon receipt. This implies that the SNF would arrive with adequate documentation
and history of its use. The only activities assumed upon receipt are sipping each cask (a process
used to test for leaking fuel elements), a visual inspection of each SNF assembly, and a gamma
scan of each assembly. Any additional characterization would be limited to analysis of a few
assemblies for each fuel type for isotopic content and leaching characteristics, followed by
nondestructive examination to estimate performance for each fuel type. If additional
characterization were required, some of the treatment technologies would be better able to
accommodate such activities than others.

SNF Transfer Operations

Facilities for new treatment technologies should include the capability to receive shipments from
off-site or from the existing wet storage basins, and be sized to receive projected off-site
shipments and to de-inventory the backlog of basin storage after the treatment process comes on-
line. These functions would be centralized in a new transfer facility, designed to handle all
incoming and outgoing material, and to interface with the selected treatment technology.

The functions of the new transfer facility, including receipt and unloading of shipping casks,
transfer of treatment or conditioning products to packages, sealing of those packages, and
transfer to interim storage, are common to all options investigated. Integral to the transfer
facility would be some lag storage (dry) that would be used to facilitate the packaging,
characterization, and treatment steps. Situated adjacent to the transfer facility would be
additional dry storage modules that could be added on a phased schedule. Figures 3.2-2 and
3.2-3 show a conceptual configuration for the transfer facility.
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Figure 3.2-2 Transfer Facility Functions

Transfer Facility
(Required for all Options)
* Inspection * Receipt
* Packaging * Handling - -- .

,, . . - - ~ ,,, , _,,,',',',,

Interim Storage Area
_ - (Vault Co Locoted with Transfer Facility

- .-- _ /(Vault or Modular Storage, Installed in Sections
on Time Frame to Meet Storage Needs)

Treatment Module
Added (if needed) for

Selected Treatment System

Figure 3.2-3 Transfer Facility Concept
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The Team also evaluated the feasibility of conducting all operations from existing wet basin
facilities instead of constructing a transfer facility, particularly for the direct disposal options for
which a new treatment facility would not be required. Based on historical handling durations for
cask receipts and estimated duration for loading, sealing and transfer of dry storage packages,
there does not appear to be sufficient throughput capability available in RBOF and L-Basin to
handle all required receipts and transfers. As a result, L-Basin would have to remain in operation
past 2021, and RBOF would remain in operation until 2035. The high operating costs of
extended wet basin operations, contrasted to the significantly lower capital and operating costs
for a new facility, argue for early availability of a new dry transfer capability.

Since dry transfer operations are common to all new treatment technologies, engineering and
construction of a transfer facility can proceed in the near term, and prior to treatment
technology selection(s). This approach would provide for phased modular implementation,
including addition of a treatment module when a treatment technology is selected. This would
allow early start of operations for the direct disposal concepts, and timely implementation of the
treatment technologies selected for all or part of the SNF, along with cost savings and technical
merit of early closure of the wet basins. This approach has not been evaluated in detail in this
study, but deserves further evaluation. Additional information on variations to the transfer
facility is provided in Appendix C of this report.

Interim Dry Storage

Each treatment technology will require interim storage of its product in a road-ready condition
until the repository is available. Although all commercially available dry storage concepts are
likely to be feasible and practical for this SNF, the conceptual evaluations in this study suggest
that the modular dry vault storage concept would be very efficient; this has been used as the
baseline dry storage concept for this study. The selection of dry storage technology would likely
be made via competitive bidding, based on the actual design parameters for the SNF packages
produced by the chosen technology.
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* 3.3 Candidate Treatment and Disposal Technologies

The treatment and disposal technologies evaluated by the Team included those identified in the
DOE SNF Technology Integration Plan9 along with several technology concepts recently
identified within DOE. The following sections briefly describe the technologies evaluated.
These are categorized according to waste form and treatment complexity. Along with these
general descriptions, a "treatment technology synopsis" sheet summarizes information for each
candidate relevant to the comparative analysis, e.g., waste form, technical maturity, package
configuration, handling considerations, etc. (see pages 35-43).

* U 3.3.1 Direct Disposal Technologies

Direct disposal is the most technically simple approach considered. The SNF would be dried
and placed in a canister for interim storage, then transported to the repository and placed in a
waste package for disposal. Two concepts were evaluated, direct disposal in small packages and
direct disposal in co-disposal packages.

SNF may require characterization to meet the storage, transportation, and repository waste
acceptance requirements. With the exception of cropping the ends of the fuel assemblies, no
physical or chemical changes would be made to the SNF. The SNF would be dried sufficiently
to limit corrosion during storage, and to preclude any excessive gas generation. A new facility
would be needed for the drying and packaging of the SNE

The excess SNF structural material would be removed to conserve space. The containers would
be sealed prior to being placed into interim storage, awaiting shipment to the repository.
During interim storage some buildup of pressure is possible and canisters may need to be
returned to the transfer facility for venting prior to repository disposal. Direct disposal does not
involve separation of the fission products from the uranium, so the fuel, as packaged for disposal,
is self-protecting and would not present proliferation concerns.

Direct Disposal, in Small Packages

For this direct disposal option, the SNF is placed in small packages for individual burial in the
repository. The U-235 mass planning values restrict the quantity of SNF that may be placed in a
canister. The small packages are placed in the repository between waste packages of commercial
SNF (Figure 3.3-1).
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���1Storage

Waste Package

Figure 3.3-1 Direct Disposal, in Small Packages

Direct Disposal in Co-Disposal Packages

For this option, the SNF would be placed in small canisters that would be disposed by placement
in repository waste packages which contain HLW glass logs. Fuel quantities may be limited to
satisfy repository criticality requirements. As currently envisioned, the repository waste package
design would permit five 24-inch diameter glass logs to be packaged in a circular configuration,
leaving a center cavity for an SNF canister approximately 17 inches in diameter. The SNF
canisters would be placed in the repository waste packages at the repository. The co-disposal
concept would permit repository disposal of all research reactor fuel, with no additional
repository space beyond that required for disposal of HLW glass logs themselves (Figure 3.3-2).

Figure 3.3-2 Co-Disposal Waste Package Concept
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* U 3.3.2 HEU Dilution Technologies

Major issues associated with the direct disposal of research reactor fuel in a repository include
nonproliferation and criticality control, both of which may be of concern for HEU. At this
point, consideration must be given to the potential desirability and/or regulatory necessity of
diluting HEU fuel to below 20% enrichment. As noted in Section 3.1.2, the probability of a
criticality, already low for SNF stored as HEU, could be lowered further by reducing enrichment.
The Team evaluated HEU dilution methods for purposes of reducing the effective enrichment of
the waste packages, thereby improving package efficiency and rendering the packages less
attractive for diversion.

The most practical way to reduce effective enrichment is to mix the fuel with natural or depleted
uranium. Natural uranium has 0.7% U-235, and depleted uranium typically has 0.4% or less
U-235. The remainder of the uranium in both cases is primarily U-238, which is not readily
fissionable and cannot support a nuclear criticality. Applying the fissile material limits described
in Section 3.1.2, dilution to less than 20% (U-235) would permit 43 kg of U-235 to be placed
in each canister, and dilution to less than 2% would permit 200 kg of U-235 to be placed in
each canister. The addition of the diluents increases the volume of the material to be disposed,
but the increase in the allowable amount of SNF in each canister results in a potential decrease in
the total number of canisters required.

Two methods of diluting the U-235 were evaluated: sandwiching pressed depleted uranium in
layers with the SNF, and melting the SNF in a mixture with depleted uranium. The spacing
(gaps) between the fuel plates or rods (used for coolant flow during reactor operations) represents
much of the SNF volume. By mechanically pressing the fuel or by melting the fuel, the gaps can
be eliminated and the volume of the fuel reduced. In either case the SNF has to be adequately
characterized to meet the repository requirements. In the case of melting, it may be possible to
characterize the melted solution instead of the fuel.

No separation of the fission products from the uranium occurs in the dilution process so the fuel,
as packaged for disposal, remains self-protecting.

Press and Dilute/Poison

In this option, the SNF assemblies would be flattened in a mechanical press to eliminate the air
gaps. Depleted uranium would then be pressed around the flattened fuel to reduce the effective
enrichment of the composite to either 20% or 2%, as desired. Several flattened assemblies could
be placed into one unit, making a "sandwich." The sandwich would be placed into an interim
storage canister and later shipped to the repository for disposal. Proper dimensioning of the
interim storage canister would permit its use in a co-disposal waste package as described above.

Melt and Dilute

The SNF would be melted in a crucible with depleted uranium. This would reduce the effective
enrichment to 20% (or further to 2%, similar to the Press and Dilute option). Because uranium
oxides and silicides do not form alloys with the uranium metal, the melted solution would be

PAGE 29



A Report of the Research Reactor Spent Nuclear Fuel Task Teom

mixed to achieve homogeneity. The melting would release volatile and semi-volatile fission
products that would have to be captured and disposed. As with the Press and Dilute option,
proper dimensioning of the interim storage canister would also permit its use in a co-disposal
waste package.

* U 3.3.3 Advanced Treatment Technologies

The advanced treatment technologies evaluated by the Team would produce more resilient waste
forms and fewer waste packages than the direct disposal and dilution options. These methods
have been in development for potential application to other SNF, and are evaluated here for
applicability to aluminum-based SNF. Each technology was identified in the DOE SNF
Technology Integration Plan.

The technologies in this category reduce the enrichment to less than 20% or remove the
uranium, and produce either a glass or ceramic waste form. This decreases the risk of the SNF
not being acceptable for repository disposal. In each technology the SNF matrix is changed
(i.e., by melting and oxidation, by acid dissolution, etc.) followed by the production of a glass or
ceramic waste. This change in the physical makeup of the SNF significantly reduces the need for
pre-treatment characterization. It is expected that the resultant waste form can be characterized
by either process or batch sampling.

The U-235 dilution eliminates proliferation concern.

All of the new technologies would require the construction of a facility to house the operation.

Plasma Arc Treatment (Vitreous Ceramic)

This process uses the high temperatures generated by a plasma arc to oxidize the metal
components of the SNE A rotating furnace mixes the molten materials into a homogeneous
mixture. Depleted uranium is added to the furnace to reduce the U-235 enrichment in the
waste form. A minimal quantity of other ceramic forming materials needs to be added. The
melt is poured into a container, forming a ceramic solid. The ceramic has properties that are as
good as or better than borosilicate glass with respect to release of radioactive materials. Only
minimal characterization of the SNF is required prior to treatment.

The process is versatile in that other waste materials requiring disposal can be added in-process,
and captured in the ceramic waste form.

The process has been used successfully to treat non-radioactive and low-level radioactive waste at
several locations in the United States. Development is needed to apply the process to SNF
because of the much higher fission product content. The offgas that would be generated needs
to be collected and recycled. The ceramic waste form can accommodate higher uranium content
than borosilicate glass without sacrificing performance. No work on qualifying the waste form
has been performed.
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GMODS (Borosilicate Glass)

The Glass Material Oxidation and Dissolution System (GMODS) technology converts SNF
directly to a uranium-containing borosilicate glass. The process uses lead dioxide to oxidize the
metals in the SNF so that they are soluble in the glass. (The lead metal is later oxidized in a
separate process and recycled to the glass melter and, therefore, is not part of the waste form.)
Glass materials are added to achieve the desired glass properties. Depleted uranium is added to
reduce the U-235 enrichment in the waste form. The glass can be poured directly into glass logs,
or can be formed into glass marbles, which can be mixed with other glass types at other
locations. Only minimal characterization of the SNF is required prior to treatment.

The process has been successfully demonstrated on simulated SNF materials in a laboratory.
Further development is needed to apply the process to actual SNF. This process could be used
on all types of SNF, including graphite, with no changes to the system. Although no work has
been done to qualify the uranium glass for disposal in the repository, that material is very similar
to DWPF borosilicate glass, and its qualification is not expected to be difficult.

Dissolve and Vitrify (Borosilicate Glass)

This technology is similar to that of conventional processing in that it involves dissolving the fuel
in acid. Unlike conventional processing, however, the fissile materials are not separated from the
fission products. Depleted uranium is added to reduce the U-235 enrichment in the waste form.
The dissolved mixture is then fed directly to a vitrification plant for conversion to a uranium
containing borosilicate glass.

The dissolution process has been demonstrated successfully for many years. The production of
glass in DWPF has just begun. Development is needed to apply the process to uranium
solutions. No work on qualifying the uranium glass for the repository has been performed, but
the glass is expected to be similar to DWPF borosilicate glass.

Electrometallurgical Treatment

In the Electrometallurgical Treatment option, the SNF is shredded and added to a melter, where
it is converted to a metal ingot. The ingot is placed in an electrorefiner, where the aluminum is
removed as a low-level waste stream. The material is next placed into another electrorefiner
where the uranium is removed. The remainder of the material is oxidized in a furnace and
dissolved into glass, producing a borosilicate glass similar to the DWPF glass. As part of the
process, the uranium is blended down to LEU to resolve proliferation concerns. Also, because
SNF is converted to a new form, requirements for pre-treatment characterization of the SNF will
be minimal.
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Electrometallurgical Treatment is the only alternative considered in this evaluation that involves
separation of uranium and HLW. Removal of the fissile uranium eliminates any concerns about
a repository nuclear criticality.

The uranium removal sub-process has been well tested, both hot and cold, and a test on actual
SNF is scheduled to begin in Idaho in late 1996. Development of the newly proposed
electrorefining steps for aluminum will need further analysis and testing. Previous reviews of the
electrometallurgical process, such as one completed by the National Research Council,1 l report
that aluminum fuel characteristics would significantly challenge containment and effluent
treatment for the electrorefining process. However, the proposed process for treating the
aluminum fuels has been significantly revised since those reviews were completed, and the
aluminum characteristics may not be as challenging to the electrometallurgical process as
previously assumed.k

* U 3.3.4 Other Concepts

Initially, eleven alternative technologies were proposed as treatment candidates. The Team's
initial screening determined that three of the proposed technologies did not pass the "must"
requirements (see Table 4.4-1) and did not warrant further evaluation for this SNF.

Chloride Volatility

This concept has been the subject of several paper studies but no experimental work has been
completed. In concept, chlorine gas would react with the SNF at high temperatures, converting
all of the materials to volatile chlorides. The gasses would be separated from one another by
scrubbing and fractional distillation. The method allows a complete separation of the SNF
elements. Because of the time and money that would be required to develop the method, it was
not evaluated further.

Chop and Dilute/Poison

For this concept the SNF would be mechanically shredded and mixed with depleted uranium.
Because this method is similar to the Press and Dilute and the Melt and Dilute technologies,
both of which were deemed superior in their ability to control the treatment steps needed to
produce a diluted waste form, the Chop and Dilute technology was not evaluated further.

Uranium content in SNF influences disposal volume in two ways. First, the uranium can be a substantial part of the metallic
volume of the SNF (as much as 90% for uranium metal fuels). Second, many of the proposed waste forms are limited by the
concentration of uranium that they can contain. For example, borosilicare glass can contain only 10-20% uranium.
Therefore, removal of the uranium and aluminum leaves HLW material (fission products and actinides) which requires far less
disposal volume than uranium- and aluminum-bearing wastes.

k The National Research Council reviewed a single step electrorefining process of uranium that was complicated by the presence
of aluminum. The revised concept that was reviewed by the Team calls for separating the aluminum prior to removal of the
uranium. The revised concept was the result of work being conducted for single-pass reactor fuel at Hanford and proposed
stabilization techniques being evaluated for the Molten Salt Reactor Experiment at Oak Ridge.
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Can-in-Canister

This technology is based on a similar application being evaluated for plutonium disposal and
involves the placement of intact SNF elements into cans. These cans would then be placed in
canisters into which HLW glass is poured to form solidified units. Applying this technology to

aluminum-based SNF raises several technical problems related to the low melting point of the

aluminum. The Direct Disposal (co-disposal packages) concept was considered by the Team to

be a better approach, so the Can-in-Canister concept was not evaluated further.

* * 3.3.5 Variations Considered

Several variations on the above concepts for packaging, handling, and treatment were identified
by the Team. These were not reviewed in detail and may warrant further evaluation.

Point-of-Origin Packaging

Small casks, designed for interim dry storage and transportation, would be loaded at the shipping
reactor site, then transported to SRS for storage on a pad awaiting transport to the repository.
Receipt and handling activities at SRS would be minimized.

Use of DWPF Glass Waste Storage Building (GWSB)

Extra GWSB storage space does not appear to be available; thus, a savings is not apparent. The
cost of building additional GWSB storage should be approximately the same as building the
interim storage facility. Also, the GWSB is not designed for storage of fissile materials.

Retain Aluminum-Based SNF at INEL

Not receiving the INEL SNF potentially reduces the demand placed on the packaging, handling,
and treatment facilities at SRS. This raises larger issues associated with intersite SNF transfers.
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* 3.4 Comparative Scenario: Processing/Co-Disposal

In order to produce a thorough evaluation, the team felt it advisable to compare the alternative
treatment technologies to a reference technology having well-known evaluation parameters. The
Team constructed a hybrid scenario that included near-term chemical processing in the existing
SRS canyons through 2008, followed by direct co-disposal of the remaining SNE

The Plutonium Uranium Recovery Extraction (PUREX) fuel processing technology is the
reference technology against which the candidate technologies are compared. The PUREX
technology involves the acid dissolution of the aluminum-based SNF with the uranium separated
from the fission products. The uranium is recovered for reuse, and mixed with depleted uranium
to reduce the U-235 enrichment to less than 20%. The fission products, with small quantities of
plutonium, are sent to the HLW tanks where they become feed to the DWPF for conversion to
glass logs.

Through approximately 2002, SRS processing capability will be applied to material stabilization
and processing of the Mk-16 and Mk-22 fuel and Mk-31 targets, and processing of a limited
amount of existing research reactor SNF deemed to be a potential safety concern. Costs for
processing additional aluminum-based SNF during this time frame would be incremental.
Following this processing campaign, additional SNF could be processed, but costs would increase
as the base mission is completed. The comparative scenario assumed that processing capability
would be available until 2008, at which time there would be no inventory backlog. Any SNF
received after 2008 is assumed to be managed by the Direct Co-Disposal technology.
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Direct Disposal

Conceptual Description
The SNF is cropped and repackaged into small canisters, sized and loaded to accommodate U-235 mass limits.
Canisters are of three lengths (5, 10' and 16'), all 2' diameter, fabricated of steel with neutron poison inserts as
required. The SNF is vacuum dried to remove free water, but otherwise unchanged from its current condition. The
canisters are dry-stored until the repository is available, vented if necessary, then transported and placed in repository
overpacks for emplacement.

Products
Approximately 1100 packages configured as described above.

Secondary Streams
None

Criticality Implications
HEU is stored in individual packages; U-235 mass content limits, spatial distribution, and poisons (if used) reduce
the probability of a criticality in the repository.

Proliferation Resistance
The storage and disposal package contains HEU with no fission product removal.

Technical Maturity
This method employs simple, proven technology. No long-term equipment development is required. Analytical
work is needed to confirm waste form suitability, particularly aluminum storage and HEU repository issues.
Production availability by 2000.

Cost
See cost summary sheet. The total is driven by disposal costs of a large number of individually stored packages.

Other
There may be no simple way to sample and characterize the fuel.

Method may not be suitable for powdered fuels (Sterling Forest Oxide & molybdenum targets).
There is some uncertainty about licensability of direct disposal of HEU and metallic forms.
A variation would allow the fuel to be characterized, prepackaged, and dried at the reactor sites prior to shipment to
SRS for interim storage.

Direct Disposal

Poison

Drying/ 1 100 Canisters
SNF -- * Poc 'aging

Faci ity

1 100 Waste Packages
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Direct Co-Disposal
Conceptual Description

The SNF is cropped and placed into small canisters, sized to fit in the center space of a repository waste package
which contains HLW glass logs. The co-disposal canisters are nominally 17 in. wide, 10 ft. long, and loaded to
accommodate U-235 mass limits. The canisters are fabricated of steel with neutron poison inserts as required. The
SNF is vacuum dried to remove free water, but otherwise unchanged from its current condition. The packages are
stored until the repository is available, then transported and co-loaded with HLW glass logs in repository overpacks
for emplacement.

Products
Approximately 1400 canisters, configured as described above.

Secondary Streams
None

Criticality Implications
HEU is stored in individual packages; U-235 mass content limits, spatial distribution, and poisons (if used) reduce
the probability of a criticality in the repository. The HLW glass logs within the repository waste package may have
value in the criticality analysis.

Proliferation Resistance
The storage and disposal package contains HEU with no fission product removal.

Technical Maturity
This method employs simple, proven technology. No long term equipment development is required. Analytical
work is needed to confirm waste form suitability, particularly aluminum storage and HEU repository issues.
Production availability by 2000.

Cost
See cost summary sheet. Significant benefit in cost sharing repository package.

Other
There may be no simple way to sample and characterize the fuel.
Method may not be suitable for powdered fuels (Sterling Forest Oxide & molybdenum targets).
There is some uncertainty about licensability of direct disposal of HEU and metallic forms.
Some fuels have dimensions requiring different geometry containers.
A variation would allow the fuel to be characterized, prepackaged and dried at the reactor sites prior to shipment.

Co-Disposal with HLW Waste Packages

Outer Barrier lid
Inner Barrier lid

5 HLW Canisters

DOESNF
Inner Barrier Lid Canister

I

Co-Disposal with Vitrified HLW

F/ W 4 7Inner Barrier A
- DOE SNF Basket Outer Ba rrir

SNF

/ Outer Barrier Lid

I�.
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Press and Dilute/Poison

Conceptual Description
The fuel is cropped and cold-vacuum dried. The assemblies are pressed flat and sandwiched between layers
consisting of either depleted uranium-aluminum alloy, depleted uranium (DU), or depleted uranium oxide (form to
be selected after further study), to produce dimensionally uniform packages with a composite enrichment of 2% or
20% U-235 (enrichment to be selected after further study).

Products
Approximately 400 (20% U-235) cylindrical steel canisters (17 in. by 10 ft.) containing heterogeneous layers of
pressed fuel and diluents, suitable for co-disposal packaging. As an alternative, approximately 140 large packages
(dimensions similar to multi-purpose canister [MPG]) could be produced, suitable for direct disposal.

Secondary Streams
None

Criticality Implications
2% and/or 20% effective enrichment packages minimize criticality concerns. A potential long term criticality issue
may be associated with non-uniform degradation. For 20% enrichment, poison may be required.

Proliferation Resistance
The average enrichment is reduced, but the HEU and DU are joined mechanically (not chemically bonded). The
fission products will not be separated from the uranium.

Technical Maturity
The process is mechanical and relatively simple. The waste form (heterogeneous) will need to be qualified for
disposal. Production availability by 2003.

Cost

See cost summary sheet.

Other
There may be no simple way to sample and characterize the fuel.
Method may not be suitable for powdered fuels (Sterling Forest Oxide & molybdenum targets).

There is some uncertainty about licensability of direct disposal of HEU and metallic forms.

Press and Dilute/Poison

DU(AI Alloy/Oxide)

Press! 400 Canisters (17")* at 20%

F aci ng 1300 Canisters (17") at 2%

Co-disposal packaging option depicted. For direct disposal
option, 140 MPC size waste packages may be used.

Logs (24")

1300 or 400
Waste Packages
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Melt and Dilute

Conceptual Description
The fuel is cropped and melted with depleted uranium (DU) in a crucible, to produce a mixture with uranium
content less than 20% U-235. The melted material is solidified in the crucible and placed along with the crucible in
a cylindrical steel canister suitable for co-disposal with HLW glass logs.

Products
Approximately 400 canisters, configured as described above.

Secondary Streams
The melting process produces an offgas of volatile and semi-volatile fission products (e.g. cesium) that must be
captured and disposed

Criticality Implications
The quantity being melted must be controlled to reduce the potential for in-process criticality. The lower
enrichment reduces criticality concerns in repository.

Proliferation Resistance
The storage and disposal package contains LEU with no fission product removal.

Technical Maturity
The process is relatively simple and well understood. Production availability by 2003.

Cost
See cost summary sheet.

Other
There may be no simple way to sample and characterize the fuel

The oxides will not dissolve in melter (also silicides may not) and therefore technical development is required. An
alternate treatment method may be necessary for oxides and silicides.

Must dispose of crucible.
The waste form needs to be qualified.

Melt & Dilute

Offgas ; Logs (24")

SNF
(U & Fission Products)

400 Waste
Packages
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Plasma Arc Treatment

Conceptual Description
A batch process using a centrifugal furnace, in which the fuel is melted and oxidized with depleted uranium (DU),
to produce a vitreous ceramic with a U-235 enrichment of 20%. (Borosilicate glass can also be produced.)

Products
Approximately 400 steel canisters (determined by
U-235 loading), sized for co-disposal. Spent Nuclear Fuel

Secondary Streams Additives or
The melting process produces an offgas of volatile Associated Wastes Off-Gas
and semi-volatile fission products (e.g. cesium) thatment
must be captured and disposed. Ceramics

Criticality Implications
The quantity being melted must be controlled to -l

reduce the potential for in-process criticality. The
lower enrichment and waste form stability reduce
criticality concerns in repository. Solid Vitreous Ceramics

Proliferation Resistance
The storage and disposal package contains LEU -{ Storage & Disposal
with no fission products removal. The ceramic
form makes uranium recovery difficult. Plasma Centrifugal Furnace

Technical Maturity
Demonstrated in part, in non-fissile, low fission product loading application. Substantial (two decades) non-
radioactive, commercial plasma experience. Development required. Production availability in 2006 time frame.

Cost
See cost summary sheet.

Other
General purpose process; flexible for other applications.

Plasma arc process operation is higher in temperature (1500-1600'C vs. 10000C) than other melting processes.

Waste form qualification is required.

Plasma Arc Treatment

DU Frit

IOffgas

SNF Mterai 400 Canisters (17")
(U & Fission Products)

(241)

400 Waste
Packages
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Glass Material Oxidation and Dissolution System (GMODS)

Conceptual Description
A batch process in which the fuel and depleted uranium are melted in a glass melter. Lead dioxide is added to
convert the metals to oxides and glass frit is added to make glass having an enrichment of 20%. The lead is removed
and recycled.

Products
Approximately 800 borosilicate glass logs, packaged and configured for co-disposal. The glass logs are similar in
number, configuration, uranium content and enrichment to the Dissolve and Vitrify option.

Secondary Streams
The melting process produces an offgas of volatile and semi-volatile fission products (e.g. cesium) that must be
captured and disposed.

Metallic lead is produced and recycled.

Criticality Implications
The quantity being melted must be controlled to reduce the potential for in-process criticality. The lower
enrichment and waste form stability reduces criticality concerns in repository.

Proliferation Resistance
The storage and disposal package contains LEU with no fission products removed. The glass form makes uranium
recovery difficult.

Technical Maturity
Demonstrated in the laboratory, needs development. Production availability in 2006 time frame.

Cost
See cost summary sheet.

Other
General purpose process; flexible for other applications.

Waste form qualification is required.

Glass Material Oxidation & Dissolution System

Du Glass Frit
| | Off~01gas

SNF~~~~~~~~~0 HHelssLgr( "
SNF ---- * GMODS ~~~~(U & Fission Products) I

(24")

800 Waste
Packages
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Dissolve and Vitrify

Conceptual Description
The fuel is dissolved in an acid dissolver and depleted uranium (DU) added to reduce U-235 enrichment to less
than 20%. The dissolution product is fed directly to a vitrification plant, producing DWPF quality borosilicate
glass cylinders sized for co-disposal. Uranium loading is limited to approximately 10 weight percent, to control glass
quality.

Products
Approximately 800 glass logs, packaged and configured for co-disposal.

Secondary Streams
The melting process produces an offgas of volatile and semi-volatile fission products (e.g. cesium) that must be
captured and disposed.

Criticality Implications
The quantity being dissolved must be limited to reduce the potential for in-process criticality. The 20% enriched
uranium and waste form stability reduce criticality concerns in repository.

Proliferation Resistance
The storage and disposal package contains LEU with no fission products removed.

Technical Maturity
Both fuel dissolution and vitrification are state of the art. Adjustment of the molten feed to minimize vitrification
process offgassing needs process development. Production availability in 2005-2010 time frame.

Cost
See cost summary sheet. Costs driven primarily by need for new dissolving and vitrification facilities.

Other
Waste form qualification is required.
Higher uranium loadings may be possible.

Dissolve And Vitrify

Glass Frit
| Offgas

(U & FP1

800 Waste
Packages
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Electrometallurgical Treatment

Conceptual Description
The fuel is cropped and melted, forming a metal ingot that is placed in an electrorefiner. The aluminum, uranium,
and fission products are removed. Fission products are oxidized in a furnace and dissolved into glass. A second
melter is used to dilute uranium with depleted uranium to less than 20% enrichment.

Products
Approximately 90 borosilicate glass logs, 2 ft. diameter by 10 ft.
long.

Secondary Streams
The melting process produces an offgas of volatile and semi-
volatile fission products (e.g. cesium) that must be captured and
disposed.
Pure uranium, blended to low enrichment (<20%), suitable for
recycling as commercial fuel. Aluminum disposed as LLW.

Criticality Implications
Waste form contains virtually no fissile material.

Proliferation Resistance
Fission products are separated from the uranium and the
uranium is diluted to LEU.

Technical Maturity
Process not demonstrated for aluminum-based SNF, but similar
to process demonstrated at Argonne for EBR-II fuel. Uranium
extraction has been proven. Aluminum extraction requires
development. Production availability in 2005-2010 time frame.

Cost
See cost summary sheet.

Other

Aluminum
Spent Fuel

Uranium
(Blend

"down with
Depleted
Uranium
to LEU)Electrorefini

Pure Aluminum
> 80%
of Volume
of Spent Fuel

| Fission
Products

Glass Melter

Storage & Disposal
Low-Level

Waste

High-Level Waste

Process can be used for several fuel types but requires different head ends for each.

Electrometallurgical Treatment

HLW (Glass Marbles)
Offgas

t
(24")

SNF

Credit

LLW 1 8 Waste Packages
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Comparative Scenario: Processing/Co-Disposal

Conceptual Description
The fuel is dissolved in acid and the uranium is extracted and isotopically diluted for recycle (resale for commercial
use). The waste products are fed to existing HLW tanks and converted to borosilicate glass logs. Processing through
2008 assumed; co-dispose the balance.

Products
Approximately 120 borosilicate glass logs, 2 ft. diameter by 10 ft. long.

Secondary Streams
Offgas (internal to existing canyons)

Saltstone, to LLW
LEU

Criticality Implications
Waste material contains virtually no fissile material.

Proliferation Resistance
Fission products are separated from the uranium and the uranium is diluted to LEU.

Technical Maturity
Process already in place; requires production change.

Cost
See cost summary sheet.

Other
This is the reference scenario for comparing the alternatives.
Processing capability currently assigned to DNFSB 94-1 materials; availability exists after 2000 for additional SNE

Processing through 2008 assumed as a means to eliminate the inventory backlog.
A different process is needed for SNF received after 2008. A likely method is Direct Co-Disposal.

*Prior to 2008
Direct Co-Disposal after 2008

DU

SNF -* Canyons

Processing/Co-Disposal

(24")

Credit Saltstone 24 Waste Packages
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4. Evaluating the Alternatives
Section 3 identifies alternatives and constraints regarding waste forms and packaging, fuel
handling and storage facilities, and treatment technologies. The Team compared and evaluated
the identified treatment alternatives to develop a basis for formulation of a technical strategy for
the SNF in question. This section summarizes the evaluations and their conclusions.

The Team employed a structured approach for evaluating the treatment technologies that
included both qualitative and quantitative methods. Sub-teams were assigned to examine factors
such as waste form acceptability, handling and storage needs, treatment technologies, and cost
and schedule projections. Experts were engaged to provide input and to review and comment on
the Team's findings as they evolved. The Team established a framework for comparison of the
alternatives, using common and consistently applied figures of merit to the greatest extent
possible. Finally, a multi-attribute analysis (based on the Kepner-Tregoe method)"1 was
conducted to provide a methodical, structured, and logic-based comparative evaluation.

These evaluations, and conclusions drawn from them, are described below.

* 4.1 Waste Form Characteristics and Performance

The SNF technologies under consideration produce waste forms with differing characteristics
and expected behavior. In each case, the likelihood that its waste form will prove to be
acceptable for disposal in the geologic repository is central to the viability of that technology.
This section presents the Team's judgments regarding waste form acceptance for the technologies
studied.

Waste Form Characteristics

The waste form characteristics of significance for repository disposal are listed in Table 4.1-1 .
These characteristics are extracted from the Waste Acceptance System Requirements Document (for
high-level waste products) 1 2 and the Preliminary Requirements for the Disposition ofDOE Spent
Nuclear Fuel (for research reactor SNF).' 3

Treatment technologies were evaluated and compared from a waste form standpoint, considering
each of the waste form characteristics in the table, and based on the conceptual level of
information available in this study. The Team concluded that all of the treatment technologies
could produce technically satisfactory waste forms. In many respects, the technologies produce
comparable waste forms; however, there are several differences among them, as follows:

* Repository criticality control is dealt with in different ways. For the Direct Disposal
technologies, limits (e.g., per Section 3.1) might be placed on the amount of U-235
permissible in each package. For other technologies, some combination of supplemental
poison material or U-235 dilution (via addition of depleted uranium) might be employed.
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Table 4.1-1 Summary of Waste Form Characteristics

Characteristic Research Reactor SNF Waste Form
Packaging Treatment technologies produce satisfactory waste forms in all
* Meets dimension and weight respects except gas generation. The Direct Disposal (including

limits co-disposal packages) and Press and Dilute waste forms could
* Material compatibility cause hydrogen buildup due to aluminum oxidation; this
* Thermal limits would be controlled by the elimination of water and oxygen
* Internal gas pressure limit during staging, and venting prior to repository disposal.
* Labeling
* Handling ability
* Waste isolation
Contents Treatment technologies produce waste forms which have the
v Solid material, no particulates required characteristics, except:
v Non-combustible * Potential hydrogen gas generation, as noted above.
* No free liquids e Direct Disposal (including co-disposal packages) and Press
X Homogeneity and Dilute technologies do not produce homogeneous
* No RCRA waste waste forms; homogeneity of Melt and Dilute and Plasma

Arc technologies is not certain.
Chemical Reactivity All of the technologies produce waste forms that have these
* Not chemically reactive characteristics.
e Non-pyrophoric
* Non-explosive
Criticality Control Criticality control is maintained for all technologies:

e For Direct Disposal (including co-disposal packages), by
U-235 limitations per package.

v For balance of treatment technologies, through HEU
dilution (with depleted uranium) and/or neutron poison.

* Electrometallurgical and Baseline (Processing) waste forms
contain essentially no fissile material.

Radiation All of the technologies can produce waste forms that have
* Radiation field limits these characteristics.
v Canister surface contamination

limits
Safeguards v Waste forms are self-protecting (i.e., fission products are

retained).
* Direct Disposal (including co-disposal packages) and Press

and Dilute contain mechanically separable HEU.
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The degree of homogeneity of the poison/diluent in the mixture also differs, from a non-
homogeneous layered arrangement (Press and Dilute), to a completely homogeneous mixture
for the glass and ceramic waste forms. While these criticality control approaches require
different analytical methods and involve some cost differentials (e.g., due to differing
amounts and forms of poison/diluent required), they are all considered by the Team to be
viable in concept.

* Hydrogen generation by radiolysis must be considered for those waste forms in which there
is exposed aluminum metal (e.g., Direct Disposal and Press and Dilute). Concerns include
pressure buildup in sealed canisters during interim storage and the potential for ignition of
hydrogen in the presence of oxygen. In the Team's judgment, these are manageable and not
likely to render any option unacceptable. The combination of effective drying and staging,
and inerted well-sealed canisters minimizes gas generation. If necessary, the canisters can be
vented prior to repository disposal to ensure that pressure limits within the waste package are
not exceeded.

* The treatment technologies provide nuclear material safeguards in different ways. A dilution
approach reduces SNF enrichment to <20% U-235 by melting or dissolving with depleted
uranium. A self-protecting approach is provided by retaining fission products in the waste
packages, and/or by storing them with other highly radioactive waste materials. Although
mechanical or isotopic separation of the U-235 would be possible for several of the proposed
waste forms, such separation would be difficult. The Team believes that all of the waste
forms would be acceptable, given appropriate safeguards.

Waste Form Performance

Beyond the assessment of waste form characteristics, the Team also looked at the aggregate effect
on radiological doses of disposing of this material in a geologic repository along with commercial
SNF and HLW. A bounding assessment was conducted based on a scenario from the Total
System Performance Assessment - 1995.14 This assessment estimated the fuel's contribution to
the dose to the public at the accessible environment around the repository. The peak dose
attributed to research reactor fuel is more than one order of magnitude below that from the peak
dose of the entire repository inventory. (See Appendix E.)

While preliminary, this assessment recognized that research reactor fuel is a relatively small
portion of the total SNF to be emplaced in the repository, and may have little or no influence on
the repository's overall acceptability from an environmental and public health and safety
standpoint.
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* 4.2 Cost Projections

Cost estimates were generated for each treatment technology. These estimates were developed
primarily for use in comparing the technologies; for that reason, the Team placed high emphasis
on achieving consistency of cost treatment and proper consideration of major cost drivers.

The estimates are also useful for decision makers in developing a preliminary sense of the overall
costs that would be entailed in implementing one or more of the technologies. For this purpose,
the Team developed cost uncertainty ranges which take into account the relative differences in
maturity and complexity among the technologies, and the overall conceptual nature of this study.

The cost estimates were constructed in a methodical way, beginning with the identification of
major cost components which together comprise the full costs of SNF handling, conditioning,
packaging, storage, and disposal for each treatment technology. Common and consistent cost
assumptions were agreed upon. Based on the assumptions, and employing information on costs
of comparable projects or activities, the Team developed conceptual estimates for each cost
component, for each technology. The Team then applied experience-based adjustments to these
component conceptual estimates, to account for uncertainty. Finally, the adjusted component
cost estimates were compiled to produce comparative costs (called "cost comparison points") for
each treatment technology, along with an uncertainty band. In each case, net present value was
also calculated to show the cost effect of projected schedule differences.

This cost estimating process, and its results, are explain in more detail in the following sections.
Detailed information on the cost evaluation is provided in Appendix C.

* U 4.2.1 Cost Assumptions

Several assumptions regarding the conceptual design and implementation of the treatment
technologies are particularly influential on projected costs. For the technology cost estimates to
be comparable, such assumptions must be consistently applied. Key examples follow.

New Versus Existing Facilities

It was assumed that existing SRS facilities and site infrastructure would be used whenever
practical. New facilities were considered only when existing ones would be clearly inadequate.
This assumption reduces cost estimates for the majority of the technologies. Cost treatment of
secondary waste streams is an example. For technologies that produced liquid HLW streams, it
was assumed that the existing SRS HLW tanks would be adequate for storage and disposal of the
liquids.
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Quantities and Timing of SNF Receipts

Handling, treatment, and packaging support for intra- and inter-site SNF transfers was estimated
based on the capabilities of the existing SRS wet storage basins and the expected receipt
schedules for centralizing all aluminum-based SNF at the SRS. Figure 4.2-1 displays the
quantity and timing of expected SNF shipments to SRS. Additional intra-site shipments were
assumed for SNF transfers in support of canyon operations, to permit use of the different
capabilities at the RBOF and L-Basin, and for transfers of SNF from wet storage to interim dry
storage.
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Figure 4.2-1 Expected Cask Receipt Rates
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Schedule

Recognizing differences among the technologies in complexity, maturity, and need for new
facilities, the Team evaluated for cost estimating purposes the relative timing and projected dates
by which each could be available:

Startup Date
* Direct Disposal / Co-Disposal Packages 2001

* Press and Dilute, Melt and Dilute 2003

* Electrometallurgical Treatment 2005

* Plasma Arc, GMODS, Dissolve and Vitrify 2006

These dates are aggressive. In each case, they are based on the assumption that traditional
appropriations, budgeting and management practices will be significantly compressed to achieve
success.

Also, it was assumed that once treatment operations begin, off-site SNF receipts would be sent
directly to the transfer facility, and that on-site SNF would be transferred from wet storage as
quickly as the treatment capacity permits. The objective would be to de-inventory the wet basins
within six or seven years in order to minimize operating costs. Beyond that point, there would
continue to be significant annual SNF throughput until the last INEL SNF is received around
2012. While SNF receipts continue indefinitely, they are significantly reduced after 2012.
Operations (including treatment) at the transfer facility can then be scaled back for a few years
until the repository begins operation.

It was assumed that SNF inventory in interim storage would be shipped to the repository over an
eight year period beginning in 2020. Shipments after that would be made as needed to keep up
with incoming receipts from operating reactors.

* * 4.2.2 Conceptual Cost Estimates

Based upon the above, the Team developed conceptual costs by category for each technology.
The estimates were drawn from experience in comparable applications, from third-party input,
from simple estimating calculations, and from the Team members' judgment. These are
discussed below.
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Wet Storage and Handling

This component includes costs associated with off-site receipts and the use of existing wet basins
at SRS prior to SNF treatment and interim storage. They are primarily O&M costs along with
minimal capital expenditures. The cost estimates for this component are influenced primarily by
the length of time during which RBOF and L-Basin would be needed. The later startup dates
projected for the advanced treatment technologies dictate longer periods of basin usage and
attendant higher costs. A much smaller cost element within this component is that associated
with the receipt of off-site SNF (Figure 4.2-1), and is essentially the same for all technologies.

Wet Storage and Handling Costs ($M)

Direct Direct Press & Dilute Melt & Plasma Arc GMODS Dissolve & Electromet- Processing/
Disposal Co-Disposal 20% 2% Dilute Vitrify allurgical Co-Disposal

280 280 350 350 350 460 460 460 440 430

Transfer and Packaging

These are pre- and post-treatment handling costs for moving the SNF to the treatment facility
and packaging the waste form prior to interim storage. The cost of a dry transfer facility is
included. The cost estimate for this new facility is based on two INEL reports" which examined
SNF handling and facilities costs.' For the comparative scenario, direct disposal of SNF after
2008 was assumed to require a much smaller transfer facility.

Transfer and Packaging Costs ($M)

Direct Direct Press & Dilute Melt & Plasma Arc GMODS Dissolve & Electromet- Processing/
Disposal (Co-Disposal 20% 2% Dilute Vitrify allurgical Co-Disposal

440 430 420 440 390- 380 390 390 360 170

Treatment

Treatment costs are those directly associated with application of the treatment technology to
produce a waste form acceptable for interim storage and repository disposal. This component
includes the capital costs for the treatment facility and equipment, and the operations costs
required for treatment of the SNF. Estimated costs were based in part on input from advocates
for each technology, with experience-based judgements by the Team to achieve consistency.

Because of the similarity of functions performed and production capacity required, Module U from these references was used
as the basis for capital costs, and decontamination and decommissioning costs of the dry transfer facility. Systems that
exceeded requirements for research reactor SNF operations were scaled back.
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For the Direct Co-Disposal technology, treatment is limited to vacuum drying the SNF; costs for
vacuum drying are included in the Transfer and Packaging component above. For the Dissolve
and Vitrify technology, the Team considered using the DWPF as the treatment facility. However,
due to criticality issues associated with the HEU content of the SNF, it was decided that a new
vitrification facility would be needed for this option.

Treatment Costs ($M)

Direct Direct Press & Dilute Melt & Plasma Arc GMODS Dissolve & Electromet- Processing/
Disposal Co-Disposal 20% 2% Dilute Vitrify allurgical Co-Disposal

0 0 230 230 270 450 410 720 600 640

Interim Storage

Cost estimates for interim dry storage were based on a common conceptual modular dry vault
configuration and cost model, scaled according to the number of canisters produced for each
technology. The two INEL reports noted above provide the basis for the capital, O&M, and
decontamination and decommissioning costs for interim dry storage. For economy of
operations, it was assumed that interim storage modules would be constructed as add-ons to the
transfer facility.

Disposal

This component includes costs required for transport of the treated waste forms to the repository
and final packaging and emplacement at the repository.

Transportation costs are directly proportional to the number of shipments required. Unit costs
were developed for several shipping package designs (for the different interim storage canisters)
and then multiplied by the number of waste packages.

Disposal Costs - Transportation ($M)

Direct Direct Press & Dilute Melt & Plasma Art GMODS Dissolve & Electromet- Protessing/
Disposal Co-Disposal 20% 2% Dilute Vitrify allurgical Co-Disposal

40 40 20 40 20 20 30 30 10 20
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A prorated share of the overall repository development costs was included to cover repository
characterization, site preparation, and licensing for this SNF. A cost of $30 million was assumed
for all technologies, based on the aggregate quantity of SNF to be disposed.

Disposal Costs - Repository Development ($M)

Direct Direct Press & Dilute Melt & Plasma Arc GMODS Dissolve & Electromet- Processing/
Disposal Co-Disposal 20% 2% Dilute Vitrify allurgical Co-Disposal

30 30 30 30 30 30 30 30 30 30

Disposal Operations costs are incurred following receipt of the SNF canisters at the repository.
These are directly proportional to the number of repository waste packages and include loading
of the interim storage canisters into the waste packages and emplacement in the repository drift.

Adjustments

This last component was included to identify special additional costs or credits, as applicable.
For the direct disposal and dilution technologies, an additional cost is assumed for the
conditioning of the SNF (i.e., metallic uranium fuels) for which cold vacuum drying (already
included) may not be adequate to achieve waste form acceptability. An additional cost of $60M
is estimated for hot vacuum drying. An alternate to conditioning these fuels would be to process
them; the cost for processing is estimated at $30M.

For the Electrometallurgical Treatment technology and the comparative scenario, credit is given
for the value of the uranium available for resale into the commercial market.

Adjustments ($M)

Direct Direct Press & Dilute Melt & Plasma Arc GMODS Dissolve & Electromet- Processing/
Disposal Co-Disposal 5 2% Dilute Vitrify allurgical Co-Disposal

60 60 60 60 0 0 0 0 -220 -180
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* U 4.2.3 Cost Uncertainty

Preliminary cost estimates of large, complex, long term projects are inherently uncertain. To
account for uncertainty, the Team developed a cost range, spanning the conceptual estimate for
each technology. The Team also considered the relative uncertainty among technologies, and
applied adjustment factors to account for the relative uncertainty in the cost comparison. [See
sections 4.3 and 4.4 for a discussion of the overall technology comparison.]

For each technology, the cost band shown on Figure 4.2-2 represents the Team's judgement as to
the range within which a more complete and better developed cost projection, once available,
would likely fall. To estimate this range, the Team considered the source of the cost data and the
maturity of the technologies. In each of the cost components of each technology, the conceptual
estimate was assessed a negative (-%) and a positive (+%) variance. These variances were then
"rolled up" by using the negative variances to calculate the low end of the range and the positive
variances to calculate the high end. Details on the cost variances are presented in Appendix C.

Figure 4.2-2 Range of Cost Estimates
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The degree of uncertainty varies among the different technologies. Some are very conceptual,
and their cost estimates are considered more uncertain relative to other technologies. A simple
measure of this relative uncertainty is the difference among the uncertainty variances discussed
above. Table 4.2-1 lists "Relative Uncertainty Factors" which are derived directly from the
uncertainty variances in Appendix C.

As examples of relative uncertainty, consider the wet storage and handling cost component and
the treatment cost component.

* Based on historical data, the variance range for wet storage and handling costs was assumed
to be the same for all the technologies. Because the wet storage and handling activities are
the same for all, no relative uncertainty exists.

* On the other hand, there are substantial differences in uncertainty among treatment
technologies due to the significant differences in maturity and complexity. The comparative
scenario, Processing/Co-Disposal, was considered the most certain. Simple technologies
(Direct Disposal and Dissolve and Vitrify) were close to the base; more advanced
technologies (Plasma Arc and GMODS) were further from the base and have higher relative
uncertainty factors.
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Table 4.2-1 Relative Uncertainty Factors
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1. In each cost category, the technology assigned the least uncertainty is shown as the "base". If all technologies within a
category were considered to have similar uncertainty values, then no relative uncertainty factor is shown.

2. A +20% uncertainty factor is shown for interim storage of the SNF to be treated by direct disposal (co-disposal packages)
after 2008.
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* U 4.2.4 Cost Comparison

Table 4.2-2 lists the individual cost component estimates, the relative cost uncertainty
adjustment, and the total "cost comparison point" for each technology. Cost comparison points
were calculated by summing the cost component conceptual estimates, as adjusted for relative
uncertainty. Figure 4.2-2 also shows these cost comparison points

In the judgement of the Team, the cost comparison point - essentially a conceptual cost estimate
adjusted for relative uncertainty - is the most meaningful basis for cost comparison of the
technologies within the limitations of this study.

Finally, the Team calculated the net present value of the total system costs for each technology,
based on the cost comparison points and assumed facilities construction and operations
schedules. These estimates are provided in Table 4.2-3.
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Table 4.2-2 Cost Estimate Summary
(Millions of 1996 Dollars)

Conceptual Costs by Category1

Disposal
Option Wet Storage and Transfer and Treatment Interim Storage Transportation Repository Disposal Adjustments

Handling Packaging Development Operations

Direct Disposal 280 440 0 120 40 30 370 60

(Note 4)

Direct Co-Disposal 280 430 0 130 40 30 140 60

(Note 4)

Press and Dilute (20%) 350 420 230 100 20 30 40 60

(Note 4)

Press and Dilute (2%) 350 440 230 120 40 30 130 60

(Note 4)

Melt and Dilute 350 390 270 100 20 30 40 0

Plasma Arc 460 380 450 90 20 30 40 0

GMODS 460 390 410 110 30 30 80 0

Dissolve and Vitrify 460 390 720 110 30 30 80 0

Electrometallurgical 440 360 600 0 10 30 10 -220

(Note 5)

Processing/ 430 170 640 50 20 30 40 -180
Co-Disposal I I I I I I I (Note5)

Notes 1. Estimates are based on conceptual studies, without contingency or uncertainty adjustments, and are rounded to the nearest $10M.
2 Adjustment for relative uncertainty among technology options, per section 4.2.3.
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3. The adjusted cost on which the comparative evaluation of options is based. See sections 4.2.4 and 4.3. These costs are rounded to the nearest $100M.

4. Charges for a conditioning (hot vacuum drying) facility for fuels which require that treatment for direct disposal. If instead these fuels are processed, the adjustment is reduced
to $30M to reflect the cost of processing.

5. Credit for sale of U-235.
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Table 4.2-3. Present Value of Total System Costs
(Millions of 1996 Dollars)

Technology Total System Costs Net Present Value of
(Cost Comparison Point) Total System Costs

Direct Disposal $1,400 $900

Direct Co-Disposal $1,200 $800

Press and Dilute (20%) $1,400 $1,000

Press and Dilute (2%) $1,600 $1,100

Melt and Dilute $1,300 $1,000

Plasma Arc $1,900 $1,300

GMODS $1,900 $1,300

Dissolve and Vitrify $2,000 $1,300

Electrometallurgical $1,600 $1,100

Processing/Co-Disposal $1,200 $800

U 4.3 Treatment Technologies Compared

The information and projections for each of the treatment technologies were compared on a
common basis, by compilation in a single matrix (Table 4.3-1). The information is necessarily
cryptic, but is nonetheless useful in presenting a broad and balanced comparison of these very
different technologies. The data are arranged in two main categories, as follows:

Technical Performance

This is a summary of each technology's effectiveness and relative merits as a disposal
methodology. Information is provided as to waste form produced, number of packages and
configuration, and how the technology deals with criticality and proliferation.

Implementation

This is a summary of those factors related to the expected degree of difficulty in developing,
demonstrating, engineering, constructing and licensing the systems and facilities required for
each technology. Information is provided as to technical maturity (development required), new
facility requirements, timing and costs.
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Table 4.3-1 Technology Comparison Summary

Option Technical Performance Implementation Other
Waste Form Packaging Disposal Package Prolif eration Development New Facilities Timing Cost Factors
_ _ _ I_ _ Configuration Criticality .l__ . ._ _, . , . ($B) A_. _I __

CC.

CC7

co

RI

Direct Disposal

Direct
Co-Disposal

SNF assemblies - 1100 canisters suitable
packaged end dried for direct disposal

Press & Dilute SNF compacted and
diluted
(2 or 20%
enriehment)

-1400 canisters configured
for co-disposal with HlIW
IOSS Ings

-400 ce-disposal canisters
120% enrichment)

-1300 ca-disposal canisters
12% enrichmentl)

HEU (ns high as 93%) per
package

U-235 mass planning value

Enrichment reduced to 20%
or 2% by layering

Void spaces reduced

0-235 mnso planning value
Enrichment reduced

Hmageneonus
configuration eliminates
void spaces

U-235 mass planning value

Self protecting, no fission
product removal

Self protecting, no fission
product removal

U-235 dilution

Melt & Dilute

Plasma Arc

Minimal system
development

Waste form qualification
required

Melted ingots in
crucibles
120% enrichment)

Vitreous ceramic
120% enrichment)

-400 ce-disposol canisters

-000 co-disposal canisters

Moderate system
development

Waste form qualification
required

Substantial system
development

Waste form quelification
required

Moderate system
development

Waste form qunlificttion
required
Moderate system
development

Tronster Facility
(with packaging & drying
systems)

Interim Storage

Transfer Facility
(with pressing, drying &
packhging systems)

Interim Storage

Transfer Facility
Iwith melting & packaging
systemsl, Interim Storage

Transfer Facility,
Major facility for Plasma Arc
process, Interim Storage
Transfer Facility,
Mujar facility for GMODS
process, Interim Storage
Transfer Facility,
Major facilities for dissolving
& vitrification systems,
Interim Storege

Transfer Facility
(with hat cell for EM
process)

Augmented GWSB

FY90 -start design & build
project

FY01 -start packaging &
drying operations

FY99 -start design & build
projeet

FY03 -start eperations

FYN1 -stat design & buiid
project

FY06 -start operations

FYOO -start design & build
project

FY05 -start operations

FYOO through OR - prncess

After FYO -direct dispose

1.4

12

1.4
(20%)

Requires eurly NRC
concurrence for disposal of
HEU

1.6
(2%)

1.3

1.9

1.9

2.0

Transfer Facility may be
eliminated by extending wet
basin operations or by
prepackaging at reacter sites.

Powder fuels require
additional treatment.

Requires early NRC
concurrence for disposal of
HEU

Powder fuels require
additionol treatment.

Use of existing systems
probably not cost effective

GMODS

Dissolve &
Vitrify

Borosilicate glass
legs
(20% enrichment)

Electrometal-
lurgical

Processing/
Co-Disposal

.Brnsilicate glass
lags

Uranium diluted for
commericul sale

-90 HLW glass lags

-120 HLW gloss lags and
-300 direct co-disposal
canisters

No uranium Na uranium in final waste
form

Separated uranium is
isotopicolly diluted

I-

1.6 Uses existing DWPF systems
for HLW

S

� A,
CIPIWaste form is qualified Separated uranium

re-cycled for use in
commercial fuel

I I,

[Waste form is qualified Augmented GWSB 1.2 Prncessing assumed until
2008

Balance same as direct
disaosol

Interim Storage
After 2008, direct ca-disposol
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0 4.4 Multi-Attribute Evaluation

This evaluation was essentially a Kepner-Tregoe (K-T) multi-attribute analysis,16 tailored to fit
this case. It is important to note that for an evaluation of this kind - particularly one in which
the alternatives being evaluated are fundamentally different and have large uncertainties - the
process provides a logical structure for comparison and valuable insights into the relative merits
of the alternatives. It is not, however, "quantitative" in any real sense. The numerical weights
and scores make it possible to compare judgments, but they do not have absolute value. Properly
used, this kind of analysis is one evaluation tool - not a way to calculate the "answer."

The Approach

As a first step, a set of evaluation categories and criteria were established by which each
technology could initially be screened and then ranked against each of the other technologies.
The screening review served to eliminate from further consideration technologies which would
face significant technical, implementation, or scheduling hurdles and therefore were considered
to have significantly lower prospects for success in treating aluminum-based SNF.

Table 4.4-1 lists the screening and evaluation criteria. The bases for the screening criteria are as
follows:

* DOE requires the necessary development work to select an alternative technology to be
completed before 2000, so that if a technology cannot be successfully developed by this time,
the SNF can be processed in the operating Savannah River canyon. It is expected that other
higher priority materials will be processed to the point that the canyon capacity will be
available for spent fuel processing starting in the year 2000.

* Funding required during the development period (e.g., first 5 years) must be within that
reasonably expected to be available in that time frame.

* The waste form must be compatible with anticipated repository requirements.

* The treatment technology cannot present any operational concerns such that environment,
safety, and health requirements cannot be met.

Any alternative which, in the judgment of the Team, would not meet all of the above "must"
criteria was eliminated from further consideration. (Three alternatives were rejected on the basis
of screening requirements; these are described in Section 3.3.4.)

Following screening, a more detailed evaluation of the remaining alternatives was conducted.
For this evaluation, a detailed set of decision factors and criteria was developed. As shown in
Table 4.4-1, four evaluation categories were identified with each category providing a basis for
comparison among the technologies. These are:
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Table 4.4-1. Screening and Evaluation Criteria

Evaluation Category Screening Criteria Weighting Evaluation Scale
I Factor I

Confidence in Success
Evaluators' confidence that the
technology can meet technical
performance requirements, at
predictable cost and schedule,
based on such factors as:
* application of proven

technology
* waste form acceptance
* licensing precedent
* need for prototype
* concept technical maturity (e.g.,

conceptual design, preliminary
engineering)

* basis for cost/schedule
prediction

* process simplicity

Cost
Projected total implementation
costs including:
* life cycle cost (net present value)
* near term (10 year) costs
Total implementation costs
include R&D, licensing, design,
construction, O&M,
decommissioning, waste stream
disposal, etc.)

Technology
development must be
reasonably completed
by 2000.

30 1 - 10 scale reflecting
evaluators' judgment of the
success likelihood of each
candidate - higher
confidences yield higher
scores

' Costs must be less
than $500 million for

I the first 5 years

30 1 - 10 sliding scale, higher
cost options receive lower
scores

20 1 - 10 sliding scale reflecting
evaluators' judgment, taking
into account such factors as
waste packaging efficiency,
reliance on package for long
term protection, chemical
stability, proliferation
vulnerability, etc.

Technical Suitability
Merits of each technology with
respect to:
* environment, safety, and health

standards (ES&H)
* waste form compatibility with

repository requirements
* nonproliferation
* other missions requirements

Timeliness

Projected time to implement
technology, (including R&D,
licensing, engineering,
procurement, construction,
demonstration, startup, etc.)

Technology v
considered on

Final waste fc
compatible v
anticipated re

* disposal requi
Meet current
public and
environment,

I Environment;
Health and ;

- requirements

vill be |
ly if:
'rm is
,ith
epository I
irements.
worker,

al,
afety

20 1 - 10 scale with the highest
score (10) assigned to any
technology projected to be in
place and operating by 2001.
Score is reduced for startups
beyond that date.
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* Confidence in Success - the degree to which the Team felt that each concept could be
successfully executed, delivering a technically satisfactory, licensable waste product on time
and within cost projections. This category was included to incorporate real-world
practicality into the comparison process, ensuring that vulnerabilities (i.e., potential
difficulties in resolving technical problems or in qualifying a waste form) were considered.

* Cost - a measure of the total system costs of the alternatives, on a life-cycle basis, as presented
in Table 4.2-3.

* Technical Suitability - the degree to which each alternative was judged by the Team to be a
technically attractive solution, in terms of waste form stability, proliferation resistance,
operational simplicity, storage efficiency, etc. It was assumed that all options being evaluated
(i.e., which passed the screening criteria) satisfied minimum technical and regulatory
requirements - but that potentially significant technical differences should be taken into
account.

* Timeliness - a measure of the projected time that would be required for each of the
alternatives to complete the development, design, construction and testing phases, to the
point of full operation.

Clearly the above categories are interrelated. For example, the simpler system alternatives are
likely to have both shorter schedules and lower costs. But they were considered by the Team to
be sufficiently distinct and important to warrant separate evaluation and comparison. Weights
were assigned to each category, as listed on Table 4.4-1, reflecting the Team's judgment as to their
relative importance.

Each of the treatment technologies was scored in each evaluation category, using a 1 to 10 rating
scale. Scores were assigned in Team meetings, with substantial discussion and debate
accompanying each. Technology advocates were consulted and their input was given careful
consideration. In their final form, the scores reflect the consensus view of the Team.

Two points are particularly important regarding this evaluation process and conclusions which
may be drawn from it:

* The approach considers primarily relative, rather than absolute, projected effectiveness of the
technologies. For example, as described in Section 4.2 above, the cost projections are based
in large part on conceptual information, with significant uncertainties. These costs can not
be considered accurate forecasts of actual project financial requirements - but are legitimately
useful for comparing various alternatives.

* The weightings and scores represent, in large measure, qualitative judgments of the
evaluators. Assignment of numerical values (i.e., the K-T method) permits methodical
comparison and compilation of results, but the comparisons remain qualitative in nature.
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The Results

Table 4.4-2 shows the individual scores and the compiled results. The relative scoring of the
alternatives in each of the evaluation categories is summarized below:

* Confidence in Success: The primary differentiators in this category were the relative
maturity of the technologies (i.e., degree to which they could be considered "proven
technology") and the likely acceptability of the waste forms produced. The direct disposal
and dilution alternatives generally scored well in the former and not as well against the latter;
the inverse was true of the advanced technologies.

* Cost: Cost scores are a direct reflection of the life cycle costs shown on Table 4.2-3. The
simpler technologies with shorter schedules scored higher than the advanced technologies.

* Technical Suitability: Repository waste form considerations were the primary differentiators
in this category, with waste forms most like those currently anticipated for commercial SNF
and vitrified HLW (e.g., low enriched, vitrified forms) receiving the highest scores. Scores
were also influenced by technical complexity of the alternatives, with the simpler approaches
rated more highly.

* Timeliness: This score correlates with the schedules discussed in Section 4.2.1. The simpler
technologies received higher scores, on that basis.

All of the above factors contribute to the overall scores, as shown on Table 4.4-2. Some
conclusions are evident:

* There appears to be clear preference for the simpler approaches - that is, the direct disposal
and dilution technologies - compared to the advanced technologies, as indicated by the
distinct families of overall scores.

* Among the simpler options, the Direct Co-Disposal approach was the clear preference of the
Team.

* The other simple approaches (Direct Disposal in Small Packages, Press and Dilute, and Melt
and Dilute) received essentially the same overall scores and should be considered equivalent,
as evaluated here.

* Of the advanced treatment options, Electrometallurgical Treatment scores the highest. The
most significant factor in the choice of this option over the others was the degree of actual
experience with processing SNE
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Table 4.4-2. Evaluation Results

Technology Confidence Cost Technical Timeliness Overall
in Success (30%) Suitability (20%) Score

(30%) (20%)

Direct Disposal 5 7 4 8 60

Direct Co-Disposal 6 10 5 8 74

Press & Dilute (20%) 6 7 7 6 63

Press & Dilute (2%) 7 5 6 6 62

Melt & Dilute 6 8 7 6 66

Plasma Arc 1 2 6 1 23

GMODS 1 2 7 1 25

Dissolve and Vitrify 4 1 7 1 31

Electrometallurgical 3 5 8 3 46

v/ '1n 1. 1a//3/ S 9
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Sensitivity Study

A multi-attribute method such as the one used here is also useful for sensitivity analysis, as a
means of challenging assumptions and better understanding the results. In this case, a very
simple sensitivity check was performed by removing from consideration, in turn, each of the four
major evaluation categories, and then recalculating and comparing the total scores. The results
are tabulated in Table 4.4-3.

As shown in the table, the rankings of the alternatives are generally the same in each case - that
is, the overall comparative analysis results are not dominated by any one assumption, criterion or
evaluation. For example, in three of the four sensitivity cases, Direct Co-Disposal is the highest
ranking alternative, and in the fourth case it ranked second among all options. The simple
alternatives (the direct disposal and dilution approaches) ranked higher than the advanced
technologies in all cases, and the Electrometallurgical Treatment technology was the highest
ranking of the advanced options in all cases.

This simple sensitivity study provides a measure of confidence that the overall evaluation results
are sound. Again, however, the process employed here is fundamentally a matter of tabulating
judgments - in the final analysis, the results are only as valid as the judgments of those
conducting the evaluation.

Table 4.4-3. Sensitivity Study Results

Base Ranking Sensitivity Case Rankings
Technology (With all evaluation Case I Case 2 J Case 3 Case 4

categories included) (with Confidence in (with Cost excluded) i (with Technical (with Timeliness
Success excluded) Suitability excluded) excluded)

Direct Disposal, 5 3 5 3 5
Small Packages i

Direct Co-Disposal 1 1 2 1 1

Press & Dilute (20%) 3 3 3 4 3

Press & Dilute (2%) 4 5 1 5 4

Melt & Dilute 2 2 3 2 2

Plasma Arc 9 8 9 8 9

GMODS 8 7 8 8 8

Dissolve and Vitrify 7 9 7 7 7

Electrometallurgical 6 6 6 6 6
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5. Assembling the Path Forward
In Section 4, the alternative treatment technologies were evaluated essentially on a "stand-alone"
basis; that is, each option was evaluated as if it were to be employed in treating the entire
inventory of SNE This is an artificial but useful simplification for comparing the treatment
technologies, in that it minimizes the number of comparative cases and it highlights relative
advantages and disadvantages which might be less apparent in a more complicated comparative
model.

In actual practice, however, it is very unlikely that a single treatment approach would prove
optimal for all of the fuel. Clearly, each of the treatment options is better suited for some fuel
types than for others and, for some treatment options, universal application would be essentially
impossible. For that reason, a composite or "hybrid" approach is the most likely success path for
the SNF in question. Such an approach could include selective processing for those fuel types
most suitable, followed by the application of one or more of the available technologies to the
remaining SNF based on cost, schedule and other considerations.

The following sections address the development of this composite approach, including issues to
be resolved and the implementation steps to be taken.

* 5.1 The Composite Approach

From the evaluation described in Section 4, the Team concluded that all of the technologies
considered would be capable of converting the SNF to a disposable form. None, however, seems
optimal for all of the fuel types, and none is considered sufficiently mature to justify exclusive
reliance by DOE. Therefore it stands to reason that at this point the DOE course of action
should involve further examination and development of several parallel paths to provide
maximum flexibility and to improve the overall success potential.

In selecting the recommended set of technologies for further action, the Team applied the
following criteria:

1. The field should be narrowed substantially from the present group of treatment technologies.

* Several of the technologies evaluated seem clearly preferable to others, based on the
comparative evaluation.

* Successful development programs require focus; too many simultaneous activities would
drain resources and attention from the most promising avenues.

* Similarities exist among several of the technologies, such that pursuing all would
automatically entail certain redundant activities.

2. The selected set of technologies should be balanced and diverse, in the sense that there
should be no single vulnerability common to all.
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3. The evaluation showed clearly the benefits - cost, schedule, technical success potential -
of the simpler treatment and disposal technologies. The selected set of options, and the
implementing actions, should focus primarily on a simple technological approach.

4. The disposal concept of utilizing vitrified waste canisters for geologic disposal of SNF
(i.e., co-disposal packages) is clearly attractive. The set of technologies pursued should be
amenable to this concept.

Based on these criteria, the Team established the basic framework for a composite approach,
as follows:

* Direct Disposal in Co-Disposal Packages is recommended as the primary approach,
deserving lead status and full DOE support. This is the simplest of the technology
options evaluated, and seems technically achievable in all respects, at moderate cost and
on a timetable consistent with DOE's needs. Its single major vulnerability - the
uncertain acceptability of HEU in the repository - argues for substantial analytical and
regulatory effort in the near term to resolve this concern.

* Press and Dilute, Melt and Dilute, or some variation of these (as selected by further
evaluation) is recommended as the dilution option to be developed in parallel with
Direct Co-Disposal. This approach is also simple and scored very well in the
comparative evaluation. Its waste form (in which HEU is blended with depleted
uranium to produce a composite product with an effective enrichment in the LEU range)
is potentially more acceptable and more easily licensed than would be direct disposal of
HEU. It is fully compatible with the co-disposal packaging strategy.

These two approaches should be carried further in development, in parallel, over the near
term (several years), each with specific development objectives. These parallel paths will lead
to a scheduled decision point as to treatment and disposal of all of the research reactor SNF
types. That final path could include one, or both treatment technologies, as dictated by the
results of the development effort.

* A third option, Electrometallurgical Treatment, is recommended as an additional backup.
This approach is fundamentally different from the others and, in that sense, offers
diversity, flexibility, and protection from unforeseen technical or licensing difficulties. Its
waste form - borosilicate glass logs, much like that to be produced by the DWPF - is
very robust and highly likely to meet the regulatory requirements to be imposed. It
offers the additional advantage of flexibility and potential multi-use.

DOE can follow this work as it is applied to non-aluminum fuel treatment. If the need for
application of this technology should arise, then funds can be spent to adapt it for use with
aluminum-based SNE In the meantime, funding should be concentrated on development of
the primary technologies.
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The implementation of this parallel, converging development effort is discussed in more detail in
Section 5.3.

* 5.2 Selective Application of Processing

As an inseparable and important companion to the approach for selection and development of
alternative treatment and disposal technologies for aluminum-based SNF, the question of how
best to utilize the existing SRS processing capability deserves careful consideration.

The Team was convened to identify and evaluate alternatives to processing in the SRS canyons,
and that has been the clear focus of this work. Nonetheless, the SRS processing capability is in
place and is currently planned to be used until 2002. While the mission for the canyons is being
finalized, several SNF types have already been designated for processing during this time frame.
These fuel types include the Mk-16 and -22 SNF and the Mk-31 targets, 81 of 143 canisters of
degraded TRR SNF, and one canister containing EBR-II SNF. 7 The processing of these fuels
over the next few years will significantly alleviate the SNF management challenge at the SRS. At
the same time, it is likely that modest additions to the list of SNF approved for processing may
greatly improve the cost-effectiveness of the overall research reactor SNF treatment and disposal
campaign. In short, selective processing should be a key element in the composite approach.

Table 5.2-1 is a list of SNF candidates that should be considered for selective processing during
the period that the SRS processing facilities are operating. The SNF types are arranged in
priority order. Leading the list are the aluminum-based metallic uranium fuels. This fuel type is
most vulnerable to corrosion in wet storage, and the attendant release of fission products to pool
water is a potentially significant health and safety concern. DOE has already elected to process a
portion of this SNF. If the remainder were to be processed, all concerns regarding degradation
and fission product release from the fuel would be eliminated within the shortest possible time
frame. If this SNF is not processed, a more expensive alternative, such as providing hot vacuum
drying facilities at SRS, or shipping the SNF to Hanford to use their hot vacuum drying
facilities, may be required.

Oxide target SNF is the next category on the list. This is a small quantity of SNF that, if
processed, would eliminate concerns over the placement of powdered (particulate) SNF in the
repository. Likewise, it is recommended that the very small quantities of failed and/or sectioned
SNF be considered for processing. If the oxide target materials and the failed/sectioned SNF
were processed, the remaining SNF requiring treatment would be limited primarily to
aluminum-clad, aluminum-uranium alloy fuel types.

Table 5.2-2 identifies FRR SNF that may be received in the future under the FRR
Environmental Impact Statement (EIS) and may also warrant additional consideration. The SNF
in this category consists primarily of target materials that, in the past, were received in particulate
form. Currently, much of this material is in liquid form. This FRR SNF is of concern from the
standpoint of both storage and repository disposal requirements.
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Table 5.2-1 Aluminum-Clad SNF Processing Candidates'

Fuel Type Reason for Processing Alternatives Number of Mass Volume Dissolving
Items (111THM) In Tim 2Y

NU~~~5 (MTHM) ~ (M) (Years)
Metallic Uranium Fuels:

Taiwan Research Reactor Poor cladding condition and historical failures. Uranium metal Ship to Hanford for hot 62 cans 16.11 1.47 0.4
will react quickly with basin water if canister leakage occurs, with vacuum dry treatment. X-H
release of fission products to the basin and the potential for gross Store in Canister Storage
canister failure. Building being

Not suitable for direct disposal without treatment. constructed at Hanford.

Experimental Breeder Reactor-Il Fuel is declad. Uranium metal will react quickly with basin water if 59 cans 16.58 3.00 0.8
canister leakage occurs, with release of fission products to the basin X-H
and the potential for gross canister failure. Uranium metal fuels
may not be suitable for repository emplacement because uranium
metal is not chemically stable (forms oxides or hydrides).

Not suitable for direct disposal without treatment.

Sodium Reactor Experiment Fuel is declad. The uranium-thorium metal will react quickly with 36 cans 2.127 0.02 0.2
basin water if canister leakage occurs, with release of fission
products to basin.

Not suitable for direct disposal without treatment.

Oxide Target Materials (particulate residues from medical isotope production):

Sterling Forest Oxide Particulate materials would readily disperse in basin water if canister Ship to INEL for 878 cans 0.102 3.7 0.6
leakage occurs, with release of fission products to the basin . stabilization using the

Repository emplacement of particulate material is not allowed. Electrometallurgical
Treatment option. __ _ _ _ _ __ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

Failed and Sectioned Fuels:

Oak Ridge Reactor Placing cans of failed and sectioned fuels into existing storage Store at SRS in a suitable 9 cans 0.0195 0.1 0.3
(canned silicide, oxide, aluminide basins presents potential environmental, safety, and health facility for dry storage
pieces) concerns. pending resolution of

Future canning and characterization would result in additional disposition path.
personnel exposure and expense.

High Flux Isotope Reactor The quantities of sectioned fuels are very small. I can 0.0000126 0.011
(canned oxide fuel pieces)

Tower Shielding Reactor 2 cans 0.00025 0.022
(canned aluminide fuel)

Tower Shielding Reactor Element is a one-of-a-kind full-core. Special canning of this I element 0.0092 0.1
(aluminide fuel) unique element, with attendant personnel exposure and expense,

would not be cost-effective.
3 3

Notes: 1. The total volume of 8.42 m3 listed in this table represents 3.3 percent of the 255 m3 of DOE-owned aluminum-based SNF expected to be in inventory by 2035. The total mass
of 34.9 MTHM represents 56.3 percent of the 62 MTHM expected to be in inventory by 2035.

2 The SNF materials can be processed in either the F or H canyon unless an "X-H" is present, indicating that the SNF materials can not be processed in H-canyon because it is not
configured to process depleted or natural uranium fuel at any practical throughput.



Table 5.2-2 FRR SNF Requiring Additional Consideration

Fuel Type Reason for Processing Alternatives (MTHM) ri(Tm,2m

Target materials in powdered form to Similar materials have previously been received in particulate form. Explore receiving the material in a 0.56 6.5 3.52
be received under FRR EIS (Canada, Particulate materials would readily disperse in basin water if canister different form (that is suitable for
Belgium, Argentina, and Indonesia) leakage occurs, with release of fission products to the basin. direct disposal) from the reactor

Repository emplacement of particulate material is not allowed. operators.
Store in Canister Storage Building
being constructed at Hanford.

Notes: 1. It has been assumed that this material will be packaged, and in a form similar to that of the Sterling Forest Oxide SNF.
2 Much of this material is currently in a liquid form and has been shipped in the past in powdered form. It may be possible to dilute and solidify the fuel in a form

suitable for disposal at the foreign reactor site prior to shipment to the U.S. This option will be evaluated during the R&D effort recommended to be conducted by
SRS.
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* 5.3 Implementation

DOE's objective - to have in place by the year 2000 a committed, high confidence path forward
for the treatment and disposal of the research reactor SNF - is a very demanding one. The
technical strategy recommended here can achieve that objective, but (in the Team's view) only if
the work is managed as a fast track, high priority program.

Over the next four years, the program should involve parallel tracks, including further evaluation
of selected alternatives, conceptual design, policy determinations, interactions with regulators,
funding actions, review and decisions on technical matters, and the like. Also included will be
some design/build activities, and some SNF processing work in selected areas. The following is a
list of key activities which require near-term attention.

Technical and Economic Evaluations

SNE Handling, Transfer,
and Pre- Treatment Storage
Options

Definition and Scheduling
of ERR Receipts

Selective Processing

Point-of-Origin Packaging

Initiate more complete technical and economic evaluation
of the most promising options and their implications,
leading to a formal recommendation to DOE
management with respect to the SNF transfer facility.
This must include consideration of continued use, with
modification as necessary, of the existing wet storage
facilities at SRS, and an economic assessment of the cost-
benefit of an early start of this facility, with treatment and
storage modules added later.

Develop a more complete planning basis as to the timing,
types, quantities, conditions, operating histories, and
packaging of these SNF materials.

Initiate further refinement, and technical and economic
evaluation of the candidates for processing outlined in
Section 5.2, leading to a formal recommendation to DOE
management.

The economics and efficiency of the treatment
alternatives under consideration, and particularly the
Direct Co-Disposal approach, may be substantially
improved by characterization and pre-packaging at the
point-of-origin. This should be explored early in the
program.
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Interim Post- Treatment
Storage

All options under consideration involve some interim
period of dry storage (probably several decades, or longer).
An evaluation of available systems, costs, siting, etc. is
required as a prerequisite to initiating conceptual design of
needed facilities, to determine an initial set of interface
requirements for the treatment processes. Options
include the use of the DWPF glass waste storage building,
or the construction of a new facility.

Safety Analyses

Repository Post-Closure
Criticality Safety

As discussed in Section 3.1, a review of existing studies
and additional work, as needed, should be conducted on a
priority basis to establish the technical foundation for
waste form requirements, vis-a-vis disposal of HEU.

Policy Actions

DOE Endorsement of
Selective Processing

Based on recommendations in this report (and as refined
by the evaluation described above), DOE management
should endorse and secure funding for processing of
identified SNF.

Regulatory Actions

Office of Civilian
Radioactive Waste
Management

Nuclear Regulatory
Commission

Gain formal agreement within DOE on waste form
requirements for research reactor SNF.

Secure NRC endorsement of proposed DOE
requirements for the disposal of research reactor SNF.
Particularly sensitive issues include waste form
qualification (addressing packaging requirements, spacing,
material form and stability, pyrophoricity, etc.) and
criticality control. Continue the interaction with the
NRC to secure their acceptance of DOE's technical work
in demonstration of satisfaction of technical requirements.

______________________ I
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Funding Actions

Overall Program

SNF Transfer Facility

Put in place funding as required to establish and support
the organization(s) needed for the programmatic,
technical, and regulatory actions described herein.

Put in place funding to support engineering, design, and
construction (in successive stages) to achieve the mortgage
reduction afforded by early start of the transfer facility.

Conceptual Design

Development of Direct
Co-Disposal and Press
(or Melt) and Dilute

SNF Transfer Facility

Further develop the recommended options, through the
conceptual design phase, to the degree necessary to
support a definitive path forward decision by DOE.

Proceed with conceptual design of the transfer facility, per
this report and subsequent evaluations.

Program Management

Program Plan A program management plan, identifying decision dates,
schedules, budget requirements, interfaces among
responsible agencies (DOE, OCRWM, NRC,
stakeholders, etc.), and defining overall roles and
responsibilities, is needed early on.

The overall set of tasks, and their relative timing, is shown schematically in Figure 5.3-1.

As noted above, the Team considers these actions to be complex and interrelated tasks requiring
management by a single Program Management organization. The structure and staffing of this
organization is likely to be a crucial element in the success of this effort.
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6. Findings and Recommended
Actions

* 6.1 Findings

Based on its evaluation and comparison of alternatives, the Team reached the following
conclusions:

* Numerous viable options exist for the safe, cost-effective treatment, packaging, storage, and
disposal of research reactor SNF. DOE's timetable can be met.

* A determination of waste form acceptance is essential for all of the options considered. All
of the treatment options are capable of producing technically satisfactory waste forms, but
some of the waste forms may be more difficult to qualify than others (in that they are
significantly different than commercial SNF waste forms). Just as important, the process of
gaining high confidence of waste form acceptance, in the time frame required, may be the
most challenging aspect of the work.

* As a packaging strategy, co-disposing any of the waste forms with packaged vitrified HLW
appears technically sound and cost-effective.

* For those few fuel types that present technical challenges for treatment by the candidate
technologies, processing is an attractive option and could be accomplished while SRS
processing capability remains available.

* For all technologies considered, a new facility for receipt, handling, and packaging of fuel
appears cost beneficial in that it would permit early closure of the existing SRS wet basins.

* 6.2 Recommendations

Based on these findings, the Team recommends the following course of action:

* DOE should proceed with the parallel development of at least two treatment technologies.
The recommended choices are:

- Direct Co-Disposal as the primary approach.
- A dilution option, Press and Dilute or Melt and Dilute (as selected by further

evaluation), as the backup.
* DOE should utilize the existing SRS processing capability for those few fuel types for which

processing clearly is the most cost effective and timely treatment method.
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* DOE should retain an advanced technology option, as a secondary and diverse backup,
should one be needed. Electrometallurgical Treatment was evaluated as a potentially strong
technical candidate. Its development is well along and will continue without additional
funding while the direct disposal and the dilution technologies are being developed.

At this stage, pursuing development of multiple options provides high confidence that a cost-
effective treatment method, yielding a satisfactory waste form, will be available in the time frame
required. For the research reactor fuel, the final approach may involve one or more of these
methods, in concert with selective processing.

* DOE should begin immediately to work with the NRC and other regulatory authorities, to
evaluate and reach agreement on SNF disposal requirements, and particularly on HEU waste
forms.

* DOE should move ahead with the planning, funding, and conceptual design for an SNF
transfer facility. It should be designed to accommodate a treatment module based on
technology selection(s) made later.

* To achieve the schedule desired by DOE, a strong, focused and results-oriented effort is
required. It is recommended that a project approach be employed.

* 6.3 Conclusion

In November 1995, DOE charged the Research Reactor Spent Nuclear Fuel Task Team with
developing a recommended strategy for the treatment, packaging, and disposal of the aluminum-
based SNF in hand or expected to be received at the Savannah River Site. The Team has
developed such a technical strategy and presents it in this report.

The recommendations herein do not propose a final, definitive treatment and disposal method,
but rather a logical course of action for DOE to develop such a path, building on the
information in hand and recognizing the uncertainties and technical challenges that remain. The
recommended strategy involves parallel conceptual development of several options, along with
supporting regulatory activities and design and construction of facilities which would be
common for all approaches. Also included in this strategy is the processing, using existing SRS
canyon processing capability, of selected fuel types for which that approach is clearly optimal.

The Team is confident that DOE's schedule and performance objectives can be met, provided
that this work proceeds on a fast track, high priority basis. We appreciate this opportunity to
assist DOE in this important effort.
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* Acronymns
CFR Code of Federal Regulations

DHLW Defense high-level waste

DOE Department of Energy

DNFSB Defense Nuclear Facilities Safety Board

DU depleted uranium

DWPF Defense Waste Processing Facility

EBR-II Experimental Breeder Reactor-II

EIS Environmental Impact Statement

EM The U.S. Department of Energy's Office of Environmental Management

EM-67 EM's Office of Spent Fuel Management

FRR foreign research reactor

GMODS Glass Material Oxidation and Dissolution System

GWSB Glass Waste Storage Building

HEU high-enriched uranium

HFIR High Flux Isotope Reactor

HLW high-level radioactive waste

INEL Idaho National Engineering Laboratory

kg kilogram

K-T Kepner-Tregoe

keff calculated effective multiplication factor

L-Basin Savannah River Site's L-Reactor Basin

LEU low-enriched uranium
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MPC

MTHM

MTR

MW

NRC

NWPA

PUREX

O&M

OCRWM

RBOF

RHF

SNF

SRS

TRR

U-235

VLEU

multi-purpose canister

metric tons heavy metal

Materials and Test Reactor

megawatt

Nuclear Regulatory Commission

Nuclear Waste Policy Act

Plutonium Uranium Recovery Extraction

operations and maintenance

Office of Civilian Radioactive Waste Management

Savannah River Site's Receiving Basin for Offsite Fuels

Reactor a-Haut Flux

spent nuclear fuel

Savannah River Site

Taiwanese Research Reactor

uranium-235

very low-enriched uranium

-U.S G.PO. 1996404-680:40o02
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Appendix A
Aluminum-Based Spent Nuclear Fuel Data Summary

This Appendix provides a brief overview of the DOE aluminum-based spent nuclear fuel
(SNF) inventory, including existing quantities, and receipts anticipated through the year
2015.

Aluminum-Based Spent Nuclear Fuel

Quantities of SNF can be described using a variety of metrics. The most commonly used
measure is Metric Tons Heavy Metal (usually uranium), abbreviated as MTHM. This unit of
measure provides a convenient way to compare different fuel designs on an equivalent basis
to simplify management of the material. Appendix A provides a summary of pertinent
aluminum-based SNF data that describes relative quantities by type, by source (foreign or
domestic), by uranium 235 (U-235) enrichment (highly enriched uranium [HEU] and low
enriched uranium [LEU]), and by projected year of receipt at the Savannah River Site (SRS).

The current inventory of aluminum-based SNF at the Savannah River Site (not including SRS
Production Reactor fuel and certain other failed fuels that will be chemically processed) is
54% of the projected total aluminum-based spent fuel inventory through the year 2015. As
shown in'Figure A-1, this current inventory of 33.5 MTHM consists mostly of Taiwanese
Research Reactor fuel and EBR-I fuel, both of which -contain less than 1 % uranium
enrichment. The remaining inventory (Figure A-1) includes both HEU and LEU from
University and Domestic Research Reactors (DRR), and Foreign Research Reactor (FRR)
facilities. As shown in Figure A-2, future aluminum-based spent fuel receipts are projected
to consist of DRR fuels (31 %), University fuels (4%), and FRR fuels (65%).

Current Inventory of Aluminum-Based Spent Nuclear Fuel at SRS

The existing inventory of aluminum-based SNF at SRS consists of SRS Production Reactor
SNF and targets, University and DRR fuels, and FRR fuels. Of this total inventory, a large

'portion (SRS Reactor fuels and targets, as well as several Taiwanese and EBR-ll elements) is
scheduled to be processed in the SRS Canyon facilities and will no longer exist as SNF by
the year 2000. The current inventory as discussed in this section refers to the remaining
SNF that will not be processed using the SRS Canyon facilities.

The current SNF inventory contains 0.385 MTHM of HEU fuels containing 88% U-235. As
shown in Figure A-3, this. HEU inventory includes FRR fuels (21%), University fuels (37%),
and DRR fuels (42%), based on total uranium content. The current HEU inventory total
mass of 9.3 metric tons is shown in Figure A-4. Aluminum makes up 96% of the total mass
of the current' HEU inventory.
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The current SNF inventory contains 33.1 MTHM of LEU fuels containing less than 1% U-
235. As shown in Figure A-5, this LEU inventory is composed primarily of FAR (49%) and
DRR fuels (51%), based on total uranium content. The current LEU inventory total mass of
57 metric tons is shown in Figure A-6. The Taiwanese fuel (FRR) and EBR-ll fuel (DRR)
that are not currently designated to be processed in the SRS Canyon facilities make up 98%
of-the current LEU inventory. Aluminum makes up 42% of the total mass of the current
LEU inventory..'

As shown in Figure A-7, the current inventory of HEU University fuels (0.144 MTHM)
consists of fuels from Missouri University Research Reactor (63%), Rhode Island Nuclear
Science Center (18%), Massachusetts Institute of Technology (13%), University of Virginia
(5%), and Georgia Institute of Technology (1%). The current inventory of LEU University
fuels consists of University of Michigan (96%) and Ohio State University (4%) as shown in
Figure A-8.

As shown in Figure A-9, the current inventory of HEU FRR fuels (0.081 MTHM) consists
of RHF (39%), R-2 (19%), Greek RR (16%), Saphir (12%), HOR (11%), and others (3%).
As mentioned previously, the current inventory of LEU FRR is greater than 99% Taiwanese
fuel.

Key Assumptions for Projecting Future SNF Receipts

Projections of future SNF receipts are based upon a number of key assumptions.

* For the years 1996 through 2000, fairly detailed schedules have been developed for
expected shipments, by month, from University and DRR facilities within the United
States to the SRS The quantities of FRR spent fuel to be shipped during these five years
are also fairly well determined (limited by ability .to receive the fuel at SRS), although
specific shipping locations by month or year have not been determined.

* The physical characteristics (weight, volume, uranium content, etc.) of University and
DRR fuels can be applied with relative certainty to project material receipts through
2000. For FRR spent fuel, averaged values for physical characteristics must be applied
to expected numbers of shipments since the specific types of FRR to be received each
month and year are not yet known. It is assumed that use of these averaged
characteristics will provide, the best approximation to the actual FRR materials that will
be received when considered over the entire five year period.

* For the years 2000 through 2015, the quantities of University and DRR fuels have been
forecast based upon facility storage capacities, reactor operating and fuel discharge raites,
etc. Quantities of FRR fuels have been forecast in a similar manner, assuming that thiese
fuels will be shipped at a rate no faster than SRS can receive them. However, with the
exception of HEIR cores and a few other uncommon fuel types, the specific types of fuels
to be received by month and year after 2000 are not yet known. For this period,
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averaged characteristics for categories of SNF were applied to forecast receipt rates for
these SNF categories. It is assumed that use of these averaged characteristics will
provide a valid approximation to the actual materials that will be received over the span
of fifteen years.

* The majority of aluminum-based spent fuel receipts contain quantities of both HEU and
LEU spent fuel. Future receipts are also expected to represent a mix of HEU and LEU
materials. Projected receipts from facilities that will produce both HEU and LEU spent
fuels are assumed to be in proportion to the relative quantities of these materials produced
by the facility, taldng into account current plans at some facilities to convert to entirely
low enriched fuel. For SNF received from University and DRR facilities, the materials
were assumed to be received yearly in the same proportion as the HEU/LEU proportion
in their inventories.

* An additional assumption is that foreign facilities that are scheduled to convert from use
of HEU fuels to LEU fuels will do so, resulting in a shift from mostly HEU FRR
receipts up until the year 2000 to mostly LEU FRR receipts after 2004. This assumption
is consistent with the overall portions of HEU FRR and LEU FRR fuels that are

- projected to make up the total FRR inventory by 2015.

Projected Total Aluminum-Based SNF Receipts

Projected aluminum-based HEU SNF yearly receipts, in kilograms uranium (MTHM times
1000), are shown in Figure A-10. Each bar in the figure indicates total uranium, as well as
the portion of the material that is fissile (U-235). The higher receipt rates from 1997
through 2001 are due to the increased quantities of HEU FRR SNF expected during these
years. The increase beginning in 2008 and continuing through 2012 represents the transfer
of substantial quantities of aluminum-based SNF from Idaho National Engineering Laboratory
to the SRS.

Projected aluminum-based LEU SNF yearly receipts, in kilograms uranium, are shown in
Figure A- 1. Each bar in the figure represents total uranium, as well as the portion of the
material that is fissile (U-235). The higher receipt rates from 2002 through 2005 represent
the expected conversion by foreign facilities from HEU fuel to LEU fuel.

Cumulative receipts, in kilograms uranium, are shown in Figures A-12 and A-13 in a similar
manner for HEU SNF and LEU SNF, respectively.

Projected Aluniinum-Based FRR SNF Receipts

Projected yearly receipts, in kilograms uranium, for the FRR portion of HEU SNF are
shown in Figure A-14. The higher receipt rates from 1997 through 2001 are due to the
increased quantities of HEU FRR SNF expected during these years. Essentially all of the
FRR HEU SNF will have been received by 2008, with the exception of very small quantities
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from two French research reactors and one research reactor in Belgium that are not
scheduled to convert from HEU fuel to LEU fuel.

Projected yearly receipts, in kilograms uranium, for the FRR portion of LEU SNF are shown
in Figure A-15. The higher receipt rates from 2002 through 2005 represent the expected
conversion of foreign facilities from HEU to LEU fuels.

Cumulative FRR SNF receipts, in kilograms uranium, are shown in Figures A-16 and A-17
in- a similar manner for HEU FRR SNF and LEU FRR SNF, respectively.
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Appendix B -
Criticality Control Bases for a Repositorv Licensed Under 10 CFR Part 60

B-1. Overview

The purpose -of the criticality analyses described herein is to provide a basis for developing
comparative cost estimates for various treatment technologies being considered for the
disposal of aluminum-based research reactor spent nuclear fuel (SNF). It is not intended that
this analysis be used for any other purpose.

Aluminum-based research reactor SNF has three major differences in comparison with
commercial SNF that may create special long-term criticality control concerns:

(1) a higher initial enrichment,

(2) a lower burnup, and

(3) an aluminum alloy fuel matrix that is susceptible to rapid corrosion.

During storage, transportation, and repository pre-closure operations and during the
repository post-closure period prior to a breach of the waste package, the SNF is in sealed
canisters, casks, or waste packages that ensure a dry atmosphere, maintain a fixed geometry,
and ensure that any neutron absorber materials remain in the proper locations. Under these
conditions, the criticality control strategy for aluminum-based research reactor SNF can
easily and economically provide large safety margins. However, after the waste package is
breached during the repository post-closure period, the waste package and SNF degrade,
geometry control is lost and the fissile nuclides may become separated from the neutron
absorber nuclides. Under these post-closure conditions,- criticality control for aluminum-
based research reactor SNF would depend on using either or both of the following strategies:

(1) limiting the mass of fissile material within each waste package in order to disperse
the highly enriched uranium (HEU) and reduce the probability of assembling a
critical mass; and/or

(2) reducing the reactivity of the fissile material by isotopically diluting the HEU with
natural or depleted uranium. Isotopic dilution lowers the average enrichment of the
uranium in the waste package and permits loading a larger fissile mass in each waste
package, thus it reduces the number of waste packages required to dispose of the
research reactor SNF.

The degree to which these measures will be needed will primarily depend on the regulation for
criticality control in the repository. The current regulation for criticality control, 10 CFR Part
60.13 1(b)(7), states: "All systems for processing, transporting, handling, storage, retrieval,
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emplacement, and isolation of radioactive waste shall be designed to ensure that a nuclear
criticality accident is not possible unless at least two unlikely, independent, and concurrent or
sequential changes have occurred in the conditions essential to nuclear criticality safety. Each
system shall be designed for criticality safety under normal and accident conditions. The
calculated effective multiplication factor (kff) must be sufficiently below unity to show at least a
5% margin, after allowance for the bias in the method of calculation and the uncertainty in the
experiments used to validate the method of calculation." A conservative interpretation of this
deterministic regulation, seems to require a large criticality safety margin at all times, including
during the post-closure waste isolation period, and also prohibits criticality in the repository
absent two unlikely, independent events. Given the extremely long time periods of regulatory
concern for a geologic repository, the DOE recommended to the Nuclear Regulatory
Commission (NRC) that a risk-based demonstration of compliance with criticality control
requirements is the only appropriate approach for the post-closure period. However, there is a
significant risk that such an approach will not be considered in a licensing proceeding to comply
with the current regulation. The DOE has therefore begun a dialog with the NRC that seeks to
revise the disposal criticality regulations to permit the use of risk-based analysis.', 2

If the recommended changes are adopted, a risk-based evaluation of criticality and its
consequences would be acceptable to the NRC for evaluating the performance of the repository,
post-closure. The implementation of a risk-based methodology could alter the current criticality
control strategy and could result in cost savings while still meeting repository performance
criteria. Recent studies focusing on the geologic disposal of HEU SNF and HLW indicate that
the probability of occurrence of a criticality event within a repository is quite small (2x10 '3 in
the first 10,000 years) and that the dose consequences from such events would be negligible
(<I%).3 4 This result indicates that a risk-based analysis may provide a basis for raising fissile
values or decreasing the need for isotopic dilution which would lower the number of disposal
packages thereby lowering overall cost. However, the risk-based disposal analysis methodology
was not used in this report.

B-2. Criticality Control Strategies

The criticality control strategies for aluminum-based -research reactor SNF for the pre-closure
period of the repository, and including storage and transportation periods, generally rely
upon one or more of the following methods to achieve the desired safety margin:

* Neutron absorber materials

* Geometry control (assembly separation)

* Lack of moderator present (albeit the analyses assume flooded conditions in
calculating the safety margin)

With aluminum-based fuel, the criticality control strategies for the post-closure period of the
repository do not rely on any of the above pre-closure criticality control methods and must
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utilize one or more of the following methods to achieve the desired safety margin:

* Controlling the maximum mass of fissile material in individual waste packages

- Diluting HEU with natural uranium or depleted uranium (i.e., U-238) or other
materials

* Leaching, dissolution and colloid formation rates of fissile material and neutron
poison

* Hydrological transport and geochemical precipitation of fissile material aid,
neutron poisons

B-3. Fissile Mass Loading for Individual Waste Packages

B-3.1. Fissile Mass Loading Limits Based on Criticality Inside the Waste Package

B-3.1.1. Bases and General Assumptions

The criticality analyses described herein was conducted to support the development of a basis
for comparative cost estimates for various treatment technologies being considered for the
disposal of aluminum-based research reactor SNF. The results of the analyses are not
considered to be design values. The scope of the analyses was limited to just a few
conservative cases, primarily due to schedule and funding limitations. The focus of the
analyses was on the repository post-closure period after the waste package has been breached
and the SNF has become severely degraded while the waste package structure remains in fair
condition.

The full range of enrichments contained in the aluminum-based research reactor SNF was
grouped into three groups:

* HEU - enrichments greater than or equal to 20 wt% U-235

* LEU - enrichments between 2 wt% and 20 wt% U-235

* VLEU - enrichments less than or equal to 2 wt% U-235

Criticality analyses were performed only for the HEU group and the LEU group; the VLEU
group was not analyzed since it does not represent a significant criticality concern and since
an estimate of the acceptable mass loading could be inferred from the loading of commercial
SNF waste packages.

The calculations assumed that all fuel in the HEU group would be treated as if it contained
93 wt% U-235 and that all fuel in the LEU group would be treated as if it contained 20 wt%
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U-235. This approach is conservative but suitable for planning purposes; however,
considerable optimization would be needed before actual waste package (or canister) loading
begins.

The waste package used in this analysis for the. disposal of research reactor SNF is similar to
the one planned for commercial SNF, which consists of a 2 cm thick inner barrier of Alloy
825 (high nickel alloy) and a 10 cm thick outer barrier of carbon steel. This approach
assures that the waste package for the research reactor SNF will have approximately the
same performance life-time as the one used for commercial SNF. As with commercial SNF,
criticality control for research reactor SNF configurations is provided by the borated-stainless
steel basket within the intact waste package. The neutron absorber material incorporated into
the borated-stainless steel basket is designed to ensure an adequate subcritical limit as long as
the fuel remains in the intact basket. When the waste package is eventually breached, the
intrusion of water is expected to corrode the aluminum matrix of the research reactor SNF
long before the stainless-steel basket material. Thus, in order to reach a critical
configuration, the fissile material must move out of the basket. Furthermore the boron in the
presumably intact basket structure must be removed from the system. The critical mass of
such configurations are used herein to define' the planning values for fissile content of
aluminum-based research reactor SNF in individual waste packages."

The fissile mass planning value for any waste package is greatly dependent on the scenario
by which (1) the fuel and the waste package degrade, (2) the fissile material is assumed to
separate from various neutron absorber materials, and (3) the fissile material accumulates
into a low (neutron) leakage configuration that would yield a critical mass.

A U-235 mass planning value for criticality control was developed based on a nominal waste
package design that would have a Kff sufficiently below unity to achieve the required safety
margin. The NRC regulation for criticality control in the repository (10 CFR 60.131(b)(7))
requires a .5% margin of safety (klff < 0.95) plus additional margin for bias and uncertainty
in the criticality calculations. For commercial SNF, without burnup credit, the present best
estimate for the bias and uncertainty margin is 2%. Since burnup credit will not be claimed
for research reactor SNF,b a k# .• 0.93 was used as the subcritical limit to determine the
maximum fissile -content of waste packages containing aluminum-based research reactor SNF.

The maximum fissile content analysis takes into account the anticipated degradation of aluminum. The
calculated per-package fissile loadings identified in this study are for aluminum-based SNF; therefore, they do not
apply to more robust waste forms such as commercial SNF, naval reactor SNF, or other nonaluminum-based SNF.

b Bumup credit for research reactor SNF does not yield as great a benefit in criticality analyses, as it does for
commercial SNF, because of its high initial enrichment and its relatively low atom percent burnup (typically less than 20 wt0/o of
the initial U-235 atoms are fissioned, yielding effective final enrichments in the 60-70% range). Furthermore, because of the
variety of research reactor SNF types and the variation in their operating histories, obtaining the records and isotopic assays
needed to justify bumup credit for research reactor SNF may be impractical. The criticality analyses used to determine the
fissile mass loading for waste packages containing aluminum-based research reactor SNF neglected burnup credit and utilized
the fissile content of fresh fuel.
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Other general assumptions used throughout these criticality analyses are:

* All aluminum-based research reactor SNF assemblies can reasonably be
represented in criticality analyses by a typical MTR fuel assembly containing 300
grams of U-235 per assembly.

* The source region was always modeled in the MCNP {Monte Carlo N Particle
Transport Code} as a homogeneous mixture containing small particles of U0 2

dispersed and uniformly suspended in water.

* The neutron absorber materials in the waste package basket were ignored as were
the corrosion products of the aluminum-based fuel elements and the waste package
materials.

* Water reflection at all boundaries.

* Beginning of life fuel loadings were used and fission product poisons were not
included.

These assumptions and the following analyses are consistent with those used in the report on
the direct disposal of foreign research reactor SNF.5

B-3.1.2. Research Reactor SNF Containing High Enriched Uranium (HEU)

The assumptions used to estimate the planning value for the fissile mass of U-235 in HEU
that achieves the required subcritical limit with degraded fuel configurations within the waste
package are as follows:

* All of the uranium in the fuel was transported to the bottom of the waste package
as partitles of U02 (assuming an enrichment of 93 wt% U-235) and
homogeneously suspended in a water slurry. (The homogeneous slurry
assumption significantly reduces the acceptable amount of U-235.)

* None of the aluminum corrosion products from the fuel elements were transported
to the bottom of the waste package. (The corrosion products would displace water
and significantly increase the acceptable amount of U-235.)

* The slurry is conservatively assumed to fill the gap between the cylindrical wall of
the horizontal waste package (84 cm I.D.) and the bottom plate of the basket,
which results in a maximum slurry depth of 6 cm.
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* The top surface of fissile mass is assumed to have water as a neutron reflector and
the neutron absorber materials in the bottom plate of the basket was neglected.
(Including the bottom plate of the basket would significantly increase the planning
value for fissile material.)

* The bottom and sides of the fissile mass are contained by the cylindrical wall of
the waste package, i.e., 2 cm of Alloy 825 backed with 10 cm of carbon steel.

* The fuel-water slurry is confined to a length of no less than about one meter, i.e.,
approximately the length of one fuel assembly, although various lengths were
analyzed to approximately optimize the amount of moderation.

The result of the MCNP calculation showed that 14.4 kg U-235 as HEU with 93 wt%
enrichment in this configuration would achieve the required subcritical limit, i.e., kff <
0.93. This mass of U-235 represents about 48 MTR type fuel assemblies in a new waste
package specifically designed for the HEU fuel.

B-3.1.3. Research Reactor SNF Containing Low Enriched Uranium (LEU)

The planning value for the critical mass of U-235 increases as the uranium enrichment
decreases due to the increased neutron absorption in the U-238 and dilution of U-235 by U-
238. For low enriched uranium (LEU), i.e., uranium with a U-235 enrichment of 2 wt% to
20 wt%, the critical mass is significantly greater than that for 93 wt% enriched uranium.

The assumptions used to- estimate this planning value for the fissile mass of U-235 in LEU
that achieves the required subcritical limit with degraded fuel configurations within the waste
package are as follows:

* All of the uranium in the fuel is homogeneously suspended at the bottom of the
waste package as particles of U0 2 (assuming an enrichment of 20 wt% U-235)
-homogeneously suspended in a water slurry..

e None of the aluminum corrosion products from the fuel elements were transported
to the bottom of the waste package. (The corrosion products would displace water
and significantly increase the acceptable amount of U-235.)

* The slurry is conservatively assumed to fill the gap between the cylindrical wall of
the horizontal waste package (105.8 cm I.D.) and the bottom plate of the basket,
which results in a the maximum slurry depth of 6 cm.

* The top surface of fissile mass is assumed to have water as a neutron reflector
(the reduction in kff due to the neutron absorber materials in the plate of the
basket was neglected).
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* The bottom and sides of the fissile mass are contained by the cylindrical wall of
the waste package, i.e., 2 cm of Alloy 825 backed with 10 cm of carbon steel.

* The fuel-water slurry is confined to a length of no less than about one meter, i.e.,
approximately the length of one fuel assembly, although various lengths were
analyzed to approximately optimize the amount of moderation.

The MCNP calculations showed that a, kff S 0.93 was achieved for LEU with 43 -kg U-235
in a standard waste package designed for 12 commercial Pressurized Water Reactor (PWR)
fuel assemblies. The actual kff was only 0.79 but the waste package was full with 144 MTR
type fuel assemblies. The next larger standard size waste package (designed -for 21
commercial PWR fuel assemblies) was too large to meet the kff < 0.93 criteria. Clearly, an
optimized waste package design could accommodate a somewhat larger fissile loading.

If depleted uranium in the same or a similar chemical form as the U-235 in the research
reactor SNF is used to isotopically dilute the HEU in individual waste packages to an average
uranium enrichment of less than 20 wt% U-235, the LEU mass planning values for the U-
235 content per waste package can be used since the U-235 in the HEU and the U-238 in the
depleted uranium will be dissolved and transported at the same rates. If the chemical forms
are significantly different, the full benefit of the isotopic dilution may not be achieved and a
more detailed analysis of the dissolution scenario will be needed to assess the impacts on the
critical mass limits for that waste form.

B-3.1.4. Research Reactor SNF Containing Very Low Enriched Uranium (VLEU)

For very low enriched uranium (VLEU), i.e., uranium with a U-235 enrichment of less than
or equal to 2 wt%, the critical mass is significantly greater than for LEU. The critical mass
within the waste package was not calculated specifically for VLEU, it was inferred from the
criticality analyses performed for commercial SNF which, show that large waste packages of
commercial SNF with an effective final enrichment of about 2 wt% U-235 can safely contain
200 kg of fissile material.

B-3.2. Fissile Mass Loading Limits Based on Criticality Outside the Waste Package

The assumptions used to estimate the planning value for the fissile mass of U-235 in HEU
that achieves the required subcritical limit with degraded fuel configurations outside the waste
package are as follows:

* All of the uranium in the fuel collect in a cylindrical configuration in the fine
gravel beneath the waste package as a homogeneous dispersion of fine particles of
U0 2 (with an enrichment of 93 wt% U-235). The diameter and length of the
cylinder were varied within the 60 cm depth of the drift invert to find an
approximate optimum configuration. This geometry assumes that the fissile
material was homogeneously concentrated into a smaller volume than existed in
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the original waste package. This is very conservative since the fissile material
will naturally spread and distribute heterogeneously as it moves away from its
original location.

* The natural elemental composition of the significant neutron absorbers in the tuff
gravel is: Na (2.65 wt%), K (3.91 wt%), Ca (0.4 wt%), Fe (0.45 wt%), and Mg
(0.28 wt%) but did not include the trace amounts of rare earth elements that can
significantly reduce reactivity.

* None of the neutron poison from the waste package were assumed to have
migrated into the tuff.

* The tuff gravel is assumed to contain 14% water (by volume) distributed uniformly
throughout the drift invert (floor). Forty-three percent of this water is in the pores
of the tuff and the remaining 57% is on surfaces or in the void spaces between
particles of tuff. The amount of water on surfaces or in the void spaces is
consistent with the maximum value used in the Draft Environmental Impact
Statement on a Proposed Nuclear Weapons Nonproliferation Policy Concerning

Foreign Research Reactor Spent Nuclear Fuel.6

The result of the MCNP calculation showed that 7.8 kg U-235 as HEU with 93 wt%
enrichment would achieve the required subcritical limit, i.e., k.ff • 0.93. The accumulation
of fissile material in a near optimal configuration within the invert was considered too
conservative for the purposes of the planned cost comparisons since the engineered barrier
system could be designed to prevent accumulation in optimal configurations. Therefore, the
7.8 kg value was not used for the cost evaluation of the alternative treatment technologies for
the disposal of aluminum-based research reactor SNF.

B-4. Summary of Maximum Planning Value for Fissile Mass in One Waste Packagec

The criticality analyses that support the planning values for the fissile mass loading, as
presented in the preceding sections, contain many conservative assumptions; therefore, they
are recommended only for use in planning and costing studies, and are not intended for use
as design values. Some of the assumptions that provide this conservatism are summarized
below. The detailed assumptions are provided in Section B.3.

* Only the maximum enrichment of each group (i.e., 93 wt%, 20 wt%, and 2 wt%)
was used to calculate the fissile mass required to produce a kff < 0.93.

The analysis takes into account the anticipated degradation of aluminum. The calculated per-package
fissile loading identified in this study for aluminum-based SNF, therefore, do not apply to more robust waste forms
such as commercial SNF, naval reactor SNF, or otier nonaluminum-based SNF.
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* All of the fissile material in the waste package was assumed to separate
completely from the neutron absorber materials and corrosion products.

* The assumed geometry outside the waste package requires the fissile material to
concentrate into a small homogeneous volume. It is more likely that the fissile
material will naturally spread and disperse heterogeneously as it moves away from
its original location.

* Depletion of U-235 and buildup of fission product poisons due to burnup. was
neglected.

Considering the magnitude of conservatism imbedded in these assumptions for criticality, the
planning values for fissile mass loading based on criticality within the waste package were
judged to provide a reasonable basis for developing comparative cost estimates for various
treatment technologies being considered for the disposal of aluminum-based research reactor
SNF. These planning values for fissile mass loadings, which are summarized in Table B-1,
were selected as the basis for evaluating the relative merits of the nine treatment technologies
for aluminum-based research reactor SNF.

Table B-i. Summary Planning Values for the Fissile Mass Loading per Waste Packaged

Research Reactor SNF Enrichment Selected Value for Evaluation of Technologies
(kg U-235)

HIEU
(220 wt% to 93 wt% U-235) 14.4

LEU
(2 wt% to 20 wt% U-235) 43

VLEU
(<2 wt% U-235) 200

d

For use in evaluating the alternative treatment technologies for research reactor SNF in a repository
licensed under 10 CFR Part 60.
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B-5. Future Optimization of the Waste Package Fissile Mass Loading

The planning values for the fissile mass loadings shown in Table B-I can achieve the
subcritical limit required by the current NRC regulations for disposal of high-level
radioactive wastes in geologic repositories (10 CFR Part 60.131(b)(7)). The DOE has
provided comments to the NRC recommending that the new regulations focus on the waste
isolation performance of the. total repository system (rather than on the performance of
various components or subsystems) and that the new regulations also explicitly permit the use
of probabilistic risk assessment methodologies (as opposed to only deterministic analyses) to
demonstrate compliance with the repository. performance requirements of the regulations:1' 2 K
If the NRC incorporates DOE's recommended changes into the new regulations, more cost
effective design solutions will become available. At that time, an evaluation of the merits of
isotopic dilution and/or the most cost effective amount of dilution, using either natural or
depleted uranium, should be included.
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1.0 Objective

The objective of the cost evaluation is to identify major cost differences among the technologies
and develop a estimate of life cycle cost for each technology.

.2.0 Approach

The overall approach to cost evaluation is to develop high level comparative cost estimates,
using pre-conceptual design information, and based upon estimates and historical values from
comparable facilities to the maximum extent possible. Bottom up-estimates are not essential for'

-this comparative cost evaluation, though they may be performed for more detailed study of
options selected for further study. Though the precision of any given cost may be rough, because
of consistent treatment between technologies, the relative ranking of the options is reasonable.
The focus in this comparative evaluation is on consistency and identification of major cost
drivers.

The cost models described in this Appendix are presented in Section 4.2 of the main report.
Some material is repeated in the interest continuity and minimizing the need for cross-
referencing. Two different types of costs are presented and discussed. Conceptual costs, which
do not include allowances for uncertainties, are presented in Section 4.2.2 of the main report and
are the subject of Sections 7.0, 8.0 and 10.0 of this Appendix C. Uncertainties associated with
conceptual costs are treated in Section 4.2.3 of the main report and Section 9.0 of this Appendix.
Finally, Section 4.2.4 of the main report, Section 5.0 and Section 11.0 of this Appendix address
Cost comparison points which include appropriate adjustment for uncertainty.

Total life cycle costs are included through 2035, with an additional allowance for
decontamination and decommissioning of facilities. All costs are presented in 1996 dollars, and
are shown in the year of actual expenditure.

3.0 Assumptions

* Table C3.0-1 shows the assumed deliveries of SNF shipping casks to SRS on an annual
basis. Table C3.0-2 shows the assumed deliveries of SNF assemblies. Figures-C3.0-1
through and C3.0-3 show the same information in graphical format. (S.W. O'Rear,
WSRC)

* Table C3.0-3 presents assumptions used in the analysis of material handling functions for
all treatment technologies.

* Table C3.0-4 shows the assumed number of packages for each treatment technology.

* It is assumed that the repository will begin operations in 2015, and that the first shipment
of material from research reactor SNF will occur in 2020.
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Table C3.0-1 Assumed Aluminum-Based SNF Shipping Cask Deliveries to SRS

YEAR FRR LEU
CASKS

CASK DELIVERIES

FRR HEU TOT FRR DRR LEU DIR HEU TOT DRR INEL HEU HIASR SEU
CASKS CASKS CASKS CASKS CASKS .CASKS CASKS

1995.
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

'2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035

5
II-
11
11
11
22
37
37
50
50
29
29
24

3.
23
49
49
49
49
38
23
23
10
10
6
5

10

4
28
60
60
60
60
60
60
60
60
60
35
34
34

7
19
16
21
13
25
25
25
25
25
25
25
25
24
24
24
10
10
10
10
10
10
10
10
10
10
10
10
so
10
10
10
10
10
10
10
10
10
10
10
10

12
14

5
4

12
12
12
12
12
12
12
12

24
24
24
24
24
22
11
6

I1
34
34
34
34
6
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Table C3.0-2 Assumed Deliveries of Aluminum-Based SNF Assemblies to SRS

ASSEMBLIES

YEAR LEU
(MTRE)

FRR
HEU

(MTRE)

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035

28
196
386
385
299
299
615

1014
1013
1397
1395
775
765
645

125
891

1757
1756.
1362
1364
1046
649
648
266
266
148
146
264

R
TOT

(MTRE)

153
1087
2143
2141
1661
1663
1661
1663
1661
1663
1661
923
911
909

DER
LEU

fWRE)

10
.34

16
35
25
40
40
40
40
40
40
40
40
38
38
38
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

DURl
HIEU

(MTRE)

89
310
140
311
223
360
360
360
360
360
360
360
360
346
346
345
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135

DRR
TOT

99
344
156
345
248
400
400
400
400
400
400
400
400
384
384
383
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150
150

INEL
lEU

(MTRE)

HFIR
ASSY
(not

MTRE)

RHF
ASSY
(not

) MTRE)

- 4
12 6
14 6

8
5 8

.4 6
12 8
12 6
12 8
12 6
12 8
12 6
12 8
12 i2502

1552
1552
1552

'1552
276

24
24
24
24
24
22
11
6

ASSUMPMIONS AND NOTES:

1. Total actual FRR and RHF assemblies are 17,781 as shown in the FRR SNF EIS (w/o MMRE adjustment)
2. Total DRR/DOE, INEL, and HFIR assemblies are the 8,006 option 4a items listed in the SNF/INEL PEIS through 2005 plus

150/yr. more assemblies for 2006-2035.
3. MTRE means 5 assemblies will fit into SRS General Purpose Tube, Square Can, or L-Basin Can
4. FRR assemblies are actual tbru '95.96-98 est. @ 33/cask and 99 on est.@ 25/cask (w/o MTRE adjustment)
5. DRR/DOE assembly receipt rate based on W. D. Clark 4/17/95 schedule thm FY'99.FY 2000 on est. @ 16/cask
6. NIST Operates thru 2024 @ 30 ASSYIYR, HFIR operates thru 2015 @ 12/YR (170 cores are shown to be on hand in the

PEIS data thru 2005), HRBR operates indef. @ 63-80/yr.
7. FRR LEU/HEU Splits are estimated from 12/94 Matos Tabulation
8. DRR LEU/HEU split estimated at 10% LEU
9. Current RBOF inventory is assumed to be 2752 assemblies.
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Figure C3.0-1 Assumed Cask Deliveries to SRS

90

80

70

S'
050

E
zz 40-

* DRR * HFIR O FRR M INEL
30

20

*10

0
LO fl-. ~ ~ ~ ~ ~ ~ ~ v, 1 N 0 O L - O - CO, LO 10& ta . .a CN C'4CJ c)cn

- - - C-4 C0J C'I. 04 04~ a' R~ cR C04 C04 -J 04 CN 04c~ a\

Year



Figure C3.0-2 Assumed MTRE SNF Assembly Deliveries to SRS
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Figure C3.0-3 Assumed Non-MTRE SNF Assembly Deliveries to SRS
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Table C310-3 Material Handling Assumptions

Parameter Value
Off-site delivery casks and assemblies that can be handled in L-Basin 50%

HFIR / RHF Assemblies per CD Cask 5
MTRE Assemblies per CD Cask 52

* Turnaround time for delivery cask (shifts) 10
Turnaround time for CD cask (shifts) 10
Total Available Time (Shifts per year) , 1095.

Facility Availability (%)95%
Maximum Facility Availability (Shifts per year) 1040

Transfer Facility (EGG study) capacity (casks Delivered / year) 146

Table C3.0-4 Assumed Canister Quantities for Various Technologies

24" x 10' 24" x 16' 24" x 5' 17" x 10' 24" x 10'
Technology Direct Direct Direct Co- Glass

Disposal Disposal Disposal Disposal Logs

Direct Disposal 80 370 650

Co-Disposal 1400

Press and- Dilute (20%) 400

Press and Dilute (2%) 1300

Melt.and Dilute 400

Plasma Arc 400

GMODS 800

Dissolve and Vitrify 800

Electrometallurgical 902

Processing 300' 1202

Includes 300 canisters allocated for SNF delivered after end of canyon operations,
assumed to be handled with direct disposal technology.

2 Glass logs are assumed to be stored in the DWPF GWSB complex, which must be
constructed for existing programs.
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4.0 Definitions

For the purpose of evaluating costs, the following terminology was adopted:

Research and Development and Demonstration Costs are those costs involved in
developing a treatment technology, and demonstrating a high likelihood of success on a
scale similar to that expected during production.

* Facility and Equipment Costs are those costs involved in the design and construction of
new facilities for treatment or transfer and storage of SNF, including checkout and startup
costs.

* Operations Cot are the costs involved in operating a new facility for its lifetime,
including labor, materials, utilities, and maintenance contracts.

* Decontamination and Decommissioning Costs are the costs involved in preparing a
facility for long-term unattended storage or use for unrestricted use.
Wet Storage and Handling Costs are those costs involved in the operation of RBOF and
L-basin as interim storage locations before a treatment or dry transfer and storage facility
is available.

* Treatment Costs are those costs involved in changing the form of SNF to ensure its
acceptability for storage, transportation, and disposal. These costs include the treatment
module where each technology operates.

* Transfer and Packaging Costs are those costs involved with receiving shipping casks
containing SNF, delivering it to a treatment or transfer function, and packaging the
product for interim storage, transportation and disposal. These are common costs for all
technologies.

* Interim Storage Costs are costs involved in storing the products of the treatment
technology until the repository is operational and ready to receive this material.

* Repositry Fee is the fixed-cost portion of repository costs, and is assumed to be an
equitable share of the total repository cost, proportional to the volume of research reactor
SNF compared to all SNF in the repository.

* Repository Operations Cost is the variable-cost portion of repository costs, assumed to be
proportional to the number of waste packages, at a unit rate determined by the waste
package configuration.

* Transportation Cos in this report is that portion of the cost of the operation of the rail
transportation system for delivery of research reactor SNF material from SRS to the
repository. The cost of delivering this material IQ SRS is the same for all treatment
options.

5.0 Summary of Results

Table C5.0-1 shows the total comparative life cycle cost, and the discounted comparative total
life cycle cost for each option. Table C5.0-2 presents detailed summary comparative cost
information for the various treatment technologies. These comparative costs are subdivided into
those due to existing wet storage facilities, transfer and packaging facilities, treatment facilities,
interim storage facilities, repository costs, and transportation costs, and cost adjustments.
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Table C5.0-1 Net Present Value of System Comparative Costs

Net Present
Total System VleSse

Technology Cost ($1996) Value System

Direct Disposal $1,362 $888

Co-Disposal $1,176 $832

- Press and Dilute (20%) $1,395 $979

Press and Dilute (2%) $1,556 $1,058

Melt and Dilute $1,348 $963
Plasma Arc $1,918 $1,326

GMODS $1,902 $1,298
Dissolve and Vitrify $1,989 $1,341
Electrometallurgical $1,589 $1,110
Processing (Baseline) $1,231 $763

These Comparative costs include relative uncertainty adjustments for transfer, treatment and
storage costs that reflect the potential for increased costs for the less mature technologies. The
team has also developed an estimate range within which a more complete and better developed
cost projection based on more design detail would likely fall. Figure C5.0-1 shows the
uncertainty ranges associated with each treatment technology. The relative uncertainty
adjustments and cost ranges are presented in Section 9.0.

Figures C5.0-2 through C5.0-5 show the cumulative system expenditures for the various
treatment technologies. The net present worth of the cash flows for each technology is calculated
at 3% and presented in Tables 4.2-2 and C5.0-1.

The objective of the .cost evaluation was to consistently compare costs among the technologies
using available pre-conceptual design information. The approach used to develop the estimate
and apply uncertainties reflects the application of considerable experience and judgement by the
Team.
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TABLE C5.0-2 SUMMARY OF COMPARISON COST INFORMATION (Millions of 1996 Dollars1)

____ - Disposal

Option Wet Storage Transfer and Treatment Interim Transpor- Repository Fee Repository Adjustments2 TotalOption ~~~~~and Handling Packaging Storage 'teflon Oeain

Direct Disposal (1100 Small Packages) 282 440 0 144 37 30 368 61 1362

Direct Disposal -CoOlsposal (1400 Co-Dlsposal Pkgs) 282 469 0 151 42 30 140 61 1176

Press and Dilute (400 Co-Disposal Pkgs -20%) 347 459 323 116 19 30 40 61 1395

Press and Dilute (1300 Co-Disposal Pkgs -2%) 347 479 323 146 40 30 10 61 1556

Melt and Dilute (400 Co-Disposal Pkgs) 347 432 383 97 19 30 40 0 1346

Plasma Arc (400 Co-Disposal Pkgs) 456 418 861 93 19 30 40 0 1918

GMODS (800 Co-Disposal Pkgs) 456 427 774 106 28 30 80 0 1902

Dissolve and Vitrify (800 Co-Disposal Pkgs) 456 427 S61 106 28 30 80 0 1989

Electrometallurgical (90 Glass Logs) 436 401 954 3 14 30 11 -223 1625

Processing I Direct Disposal (120 Glass Logs, 300 Co- 435 173 643 60 22 30 44 -175 1231Disposal Pkgs)

Note 1: The The total cost on which the comparlilve evaluation of options Is based.
Note 2: Adjustments include charges for a conditioning (hot vacuum drying) facility for fuels which require that treatment for direct disposal. If Instead,these fuels are processed, the adjustment Is reduced to $30 M. Also Includes credits for sale of U-235 when appropriate.



Figure C5.0-1 Range of Relative Costs
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Figure C5.0-2 Cumulative Expenditures for Direct Disposal Methods
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Figure C5.0-3 Cumulative Expenditures for HEU Dilution Methods
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Figure C5.0-4. Cumulative Expenditure for Advanced Treatment Methods
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Figure C5.0-5 Cumulative.Expenditures for Uranium Separation and Dilution Method
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6.0 System Operations and Schedule

For all treatment technologies evaluated, existing SRS facilities were integrated into a plan with
proposed new facilities. Until a new treatment technology is on-line, off-site shipments will
continue to be received at RBOF and L-basin. RBOF storage is projected to be filled by the end
of 1996, after which time new rack storage for approximately 16,000 SNF assemblies in L-basin
will be available. After 1996, RBOF can only serve as a wet transfer point for handling off-site
casks which are too tall for handling in L-basin's shallower pool transfer area. Approximately
half the cask deliveries from off-site are directed to RBOF, where the SNF assemblies are
transferred to high-capacity on-site CD casks for trans-shipment to L-basin. Until the new
treatment technology is available, the inventory of SNF stored in the basins continues to grow. If
no new treatment facilities are available by 2003, additional storage will need to be installed in
L-basin. Table C6.0-1 shows the peak inventory of SNF assemblies projected for L-basin based
on different dates for start of operations at a new treatment facility. Figure C6.0 1 shows the
overall operational flow assumed for the site.

Table C6.0-1 Projected Peak Inventory of L-basin Storage

Start Date of New
StareDatment ofaci L-Basin Inventory L-Basin Inventory

Operations (MTRE assemblies) (non-MTRE assemblies)

2001 10,200 70

2003 14,300 110

2005 18,500 150

2006 20,500 170

Different'operational start dates were assumed for each treatment technology, depending on its
relative maturity. The assumed startup dates are shown below:

* '2001 startup for Direct Disposal, Co-Disposal
* 2003 startup for Press and Dilute, Melt and Dilute
* ' 2005 startup for Electrometallurgical
* 2006 startup for Plasma Arc, GMODS, Dissolve and Vitrify

It is recognized that all these start dates are extremely aggressive, and assume that traditional
appropriations, budgeting and management practices will be significantly compressed to achieve
an early solution.

With the assumed schedule of cask and assembly deliveries shown in Tables C3.0-1 and C3.0-2,
an analysis was made of site operations both before and after initial operation of the new
treatment facility. Tables C6.0-2 and C6.0-3 show the assumed receipt and trans-shipment of
SNF assemblies and casks at the wet storage basins for a technology that begins operation in
2001. Tables C6.0-4 and C6.0-5 show the same information for the transfer area at the new
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treatment facility. Similar tables were also developed for the other start dates. The site
operations have been selected considering assumptions about the required handling times for
receiving and trans-shipping casks at existing and future facilities. The limiting factor for
emptying the wet basin storage is found to be the receiving capacity at the new transfer facility.
As a result, it will take six or seven years to empty the wet basins after the new technology
begins operation, depending on how much inventory has been accumulated in L-basin. (Trade-
off studies should be performed during detailed design to determine whether it would be cost-
effective to increase the new transfer capacity to empty the basins sooner.)

After treatment operations begin, it is assumed that off-site SNF receipts would be sent directly
to the transfer area described in Section 3.2, and that SNF would be transferred from wet storage
basins as quickly as the treatment capacity permits. The objective is to de-inventory the wet
storage basins within six or seven years to minimize operating costs. Once the basins are
emptied and decommissioned, a significant annual throughput still remains until the last INEL
SNF is received around 2012. Operations at the new facility can then be scaled back for a few
years until the repository begins operation.

It is assumed that all inventory from the interim storage facility will be shipped to the repository
over an eight-year period beginning in 2020; shipments after that will be made as required to
keep up with incoming receipts from operating reactors.

Treatment technologies which do not change the chemical composition of the SNF are assumed
to vent the packages before shipment to the repository. This assumption requires that the
packages be returned to the transfer facility. Products from other technologies that have either
melted or vitrified the material can be directly shipped from the storage facility without the need
for venting, saving operational expense.

Using these analyses and assumptions as inputs, overall project schedules were developed for
each of the treatment options. Figures C6.0-1 through C6.04 show the projected facility
utilizations for treatment startup in 2001, 2003, 2005, and 2006. Figure C6.0-5 shows a
schedule of major phases of design, construction, and operation for direct disposal and co-
disposal. Figure C6.0-6 shows a similar schedule for the press and dilute option, and Figure
C6.0-7shows the schedule for the melt and dilute option. While these schedules are not identical
to those in Volume I, the differences are too small to make a significant difference. These two
figures differ in the requirement for a hot vacuum drying facility to address Uranium metal SNF,
and in the requirement to vent press and dilute packages before shipment to the repository.
Figures C6.0-8 and C6.0-9 show system schedules for those technologies assumed to begin
operations in 2005 and 2006, respectively.
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Figure C6.0-1 Overall Block Diagram



Table C6.0-2 Throughput of SNF Assemblies at Existing Basins
(2001 Transfer start)

RBOF OPERATIONS L-BASIN OPERATIONS

OFF-SITE
DELIVERIES TO MTRE HFIR/RHF MTRE HFIR/RHFSRS

I If ~~~~~~~~~~~TOL DRO DRY TO DRYTO DRY
T - TRN CUM TO j TRANS CUM FRM TRANS CUM L- FRO TRANS GU 1

R MT EIRHF OFF-ITE (CD | FACIL RBOF | FACIL RBOF I FACIL BASIN D I L I
YEA ___I OF-ITE (CD CAK OFSTE (CD OF(CF__S__T__ _(CD OFF-SITE (CDCASK) (CD INVENTCAK (CD INVENT OFF-SIT (CD INVENT CAK (CD INVN

__ __ __ __ _ _ __ __ CASK) CASK)* __ __~CASK CASK) CASK).___ _ CASK) _

1995 252 4 252 3004 4 4 C
1996 1431 18, 716 716 3004 9 9 4 716 716 1431 9 9 18
1997 2299 20 1150 . 1150 3004 10 10 4 1150 1150 3730 10 10 38
1998 2486 8 1243 1243 3004 4 4 4 1243 1243 6216 4 4 46
1999 1909 13 955 955 3004 7 7 4 955 955 8125 7 7 59

'2063 1 1032 1032 304 5 5 4 1032 1032 10188 5 5 .6?
...... ............. .................. .................. ...... ..... .................. ..... .................... ... ............... .................. .................. .......... ........ .................. ...20 31C.10 210 230 4.5.4.02.02..01 8.15 16

.2001 2061 2sI500 2504 . 4 .19001 82881 121 57
2002 2063 18 500 2004 4 1900( 6388 12 45
2003 2061 500 1504 4 1900 4488 12 33
2004 2063 18 500 1004 4 1900 2588 12 21
2005 2061 20 500 504 . ... 19... 688. 12 .S
200. . 1323 18 5041 ............ . ................. .................. 6.............. 98 9
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Table C6.0-3 Throughput of Transportation Casks at Existing Basins
.______ ._______________ _ (2001 Transfer Start) _

RBOF OPERATIONS j L-BASIN OPERATIONS

OFF-SITE CASK ipHR/IF
DELIVERIES TO SRS MtRE HFIR/RHF MTRE HFIR/RHF

11 TOL- ~~~~~TO DRY I o - TO DRY FRM TO DRY FRM TO DRY
FISCAL MTRE HFIR & FROM OFF BASIN (CD TRANS FROM OFF BASF (CD TRANS FROM OFF NRSF (CD TRANS FROM OFF RBO 1( TRANSYEAR RHF SITE FACIL (CD SITE ~~~FACIL (CD IEFCL (CD SIT RBF C FACIL (CDYEAR MTRE RHF SITE B~~~~~~~ASIN)C FASK) (C IE CASK) CASK) CASK) CASK) CASK)SK

1995 1: 11 0 11 b
1996 47 12 24 14 6 2. 24 14 6 2
1997 76 14 38 22 7 2 38 22 7 2
1998 81 4 41 24 2 1 41 24 2 1
1999 73 5 37 18 3 1 37 18 3 12000) 85 4 43 20 2 1 43 2021.......... . 8 1.........---........- .................. . ...j.,,,,,,,,,,2,,............... !...,..,,....,,....... .............. ........... ........... .......... .......... ........... 2 ........ .. ................... .. .........2001 85 12~~~~~i 1 372
2002 85 12 1O 37
2003 85 1 2 1 0 37 2
2004 85 12 10 37 2
2005 85 12 10 37 2
200 .6 12 102. 1 13 2...... .................. .. !.°U I !. .... .. . ....... . ...... ... .... ....... ........... .... .... ... ... ........ ............ ..... ..... ...... .... . . . ....... ............ ........... .....



Table C6.0-4 Throughput of SNF Assemblies at New Treatment Facilities
(2001 Transfer start)

r l | TRANSFER FACILITY OPERATIONS

OFF-SITE
DEUVERIESTO MTRE |HFIR/RHF

SRS

FROM FROM L- I FROM FROM L-
FISCAL HFIR & FROM RBOF BASIN FROM RBOF BASIN TO
YEAR M RHF OFF-SITE (CD (CD OFF-SITE (CD (CD

CASK) CASK) CASK) CASK)

1995 252 4.
1996 1431 18
1997 2299 20
1998 2486 8
1999 1909 13
2000 2063 10

r i ............. Y ...... ........... ... _.... t ... ....... .......... . ....... ............ .......... I .. 2.. ...................... 322001 2061 20 20761 500 1900 44611 20 0 12| 32
2002 2063 18 2063 500 1900 4463 18 0 12 30
2003 2061 20 2061 500 1900 4461 20 0 12 32
2004 2063 18 2063 500 1900 4463 18 0 12 30
2005 2061 20 2061 500 1900 4461 20 0 12 32
2006 1323 18 1323 504 688 2515 18 4 9 31
-20 i ...... j.j ................2................i........................................ ................... .................... .................... ...................-...........................................2007 1311 20 1311 1311 20 20
2008 1795 14 1795 1795 14 14
2009 1936 24 1936 1936 24 24
2010 1935 . 24 1935 1935 24 24
2011 1702 24 1702 1702 24 24
2012 1702 24 1702 1702 24 24
2013 426 24 426 426 24 24
2014 150 22 150 150 22 22
2015 150 11 150 150 11 il
2016 150 6 150 150 6 6
2017 150 0 150 150

2018 150 0 .150 -150
2019 150 150 150
2020 150 0 150 150
2021 150 0 150.. 150
2022 i50 0 150 150
2023 150 150 150
2024 150 C 150 150
2025 150 0 150 150
2026 150 150 150
2027 150 150 150
2028 150 150 .15
2029 150 150 150
2030 150 150 1
2031 150 150 150
2032 150 150
2033 150 150
2034 150 150 1
2035 150 0 150 1

TOTAL 36179 380
---



Table C6.0-5 Throughput of Transportation Casks at New Treatment Facilities.
(2001 Transfer Start)

TRANSFER ~FACILITY OPERATIONS

OFF-SITE CASK
DEUVERIES TO SRS

MTRE HFIR/RHF

FISCAL
YEAR

HFIR & HFMTRE
FROM OFF

SITE

FROM
RBOF (CD
CASK)

FROM L-
BASIN (CO

CASK) .

FROM OFF.
SITE

FROM
RBOF (CD

CASK)

FROM L-
BASIN (CD

CASK)

1995 -11 0
1996 47 12

.1997 76 14
1998 81 4
1999 73 5
2000 85 4
2001 8 - ............... 85 12 - - - - - - .. .8 10. 37 12-- - - -- - 2....................... ........................ 2-
2002 85 12 .85 10 37 12 0 2
2003 85 12 85 10 37 12 0 2
2004 85 12 85 10 37 12 0 2
2005 85 12 85 10 37 12 0 2

I 2006 60 12 60 10 13 12 1 2
---'20*i.. -- ............. 59 *-- ---- i [-------- .................................. .......................... ..........................--..2.--.----------.-----...2007 59 12 ~~~~~ ~~~~59 . .... 12

2008 69 12 69 12
2009 58 24 58 24
2010 58 24 58 24
2011 44 24 44 24
2012 44 24 44 24
2013 16 24 16 24
2014 10 22 10 22
2015 10 1 1 10 11
20161 10 .6 10 6
2017 . 10 ' 10. 0
2018 10 . 10 0

.2019 10 . 10. 0
2020 10 0 10 0
2021 10 o 10 0
2022 10 o 10 0
2023 10 o 10 0
2024 10 ° 10 0
2025 10 0 10 0
2026 10 ° 10 0
2027 10 ° 10 0
2028 10 10 0
2029 10 10 0
2030 10 10 0
2031 10 10 0
2032 10 10 0
203 10 0 10 0
203 10 0 10 0
203 10. 0 10, 0 _ _ _ _ _ _ _ _

TtrA, 1 AI I
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Figure 6.0-1 Projected Facillity Utilization - 2001 Startup
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Figure 6.0-2 Projected Facillity Utilization - 2003 Startup
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Figure 6.0-3 Projected Facillity Utilization - 2005 Startup
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Figure 6.0-4 Projected Facillity Utilization - 2006 Startup
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Figure C6.0-5 Overall Schedule for Direct Disposal Methods
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Figure C6.O-6 Overall Schedule for Press and Dilute Option
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Figure C6.0-7 Overall Schedule for Melt and Dilute Option
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Figure C6.0-8 Overall Schedule for Electrometallurgical Option*
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Figure C6.0-9 Overall Schedule for Advanced Treatment Methods
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7.0 General Conceptual Costs

This section presents cost estimate information for items which are common to all technologies.
Some costs are not specifically estimated for this study, such as safeguards and security costs,
and health physics operations costs. Since inputs such as safeguards and security implementing
requirements may be different for HEU compared to LEU, this issue should be studied in greater
detail once the field of technologies is narrowed. For the purposes of this study, such costs are
assumed to be the same for all- alternatives, and will therefore not affect the selection process.

7.1 Wet Storage Costs

All options initially receive SNF into wet lag storage at RBOF and L-basin before the treatment
or transfer facilities are available. The estimated costs for operating these facilities are based on
historical data, as described in WSRC-RP-95-798, Savannah River Site Evaluation of Spent
Nuclear Fuel Options. The operating cost for RBOF and L-basin is $15 million per year, and
$17.2 million per year, respectively, on a 21-shifts per week basks. For periods of less intense
activity at these facilities, these figures are scaled back to 5- or 10- shifts per week, as shown in
Table C7.1-1.

Table C7.1-1 Estimated Operating Costs for RBOF and L-Basin ($Millions)

L-basin Annual Operations RBOF Annual OperationsShifts Per WeekCotCss
Costs Costs

5 9.5 8.2

10 12.0 10.5

15 14.6 12.8

21 17.2 15.0

If a treatment technology is not operational before 2004, an additional charge is assessed for
installation of additional racks in L-basin. This is assumed to cost approximately $5.0 million,
comparable to the first increment of new racks at L-Basin.

7.2 Interim Dry Storage

Each treatment technology will require interim storage of its product between the time it is
initially created, and the time the repository becomes available for shipments from SRS. Since
the vast majority of the research reactor SNF will be delivered well before the repository is
available for shipments, the interim storage facility will be sized based on the estimated
quantities of canisters produced by the various treatment technologies.

Storage of Direct Disposal and Co-Disposal Canisters

The canister dimensions seem to make the modular dry vault interim storage concept very
efficient, and this storage concept has been used as the baseline for cost estimating. This study
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and previous studies have shown that all dry storage concepts are feasible and practical., The
selection of the modular dry vault for a cost estimating baseline for this study in no way indicates
a final selection of interim storage technology, or that other concepts may not be cost competitive
or chosen during the facility design.

The cost basis for the modular vault is iNEL reports EGG-WM-10670 Waste Management
Facilities Cost Information for Spent Nuclear Fuel (March 1993), and EGG-WM-10708 Waste
Management Facilities Cost Information Estimating Data for Spent Nuclear Fuel (March 1993).
Module X from these references was used as the basis for capital costs, operating and
maintenance costs, and decontamination and decomniissioning costs.

Where possible based on the canister dimensions, it is assumed that more than one canister may
be placed in a storage location. Two co-disposal canisters are assumed to be placed in each
storage tube, and.direct disposal packages are assumed to be stacked on top of each other subject
to an overall height limit of 20 feet. The receipt and inspection function of module X was
significantly scaled back since it is assumed that the interim storage facility will be constructed
adjacent to the receipt and treatment facility. The storage vault portion of the facility costs were
scaled based on the required storage capacity. The scaling relationship used is the exponential
cost relationship described in DOE/SNFIREP-PS-00l Spent Nuclear Fuel Management Cost
Evaluation Repo (March 1995), Appendix C.

-$2/$ = (C2/C1)R

where $, and $2 are the costs for the base and scaled facilities, respectively, C1 and C2 are the
capacities for the base and scaled facilities, and R is a scaling exponent, assumed to be 0.6 for
this type of facility. Table C7.2-1 presents the required storage tubes for each option, the
capacity ratio based on the Module X capacity of 230 storage tubes, and the associated cost scale
factor. The Press and Dilute option considers requirements for dilution to either 20% enrichment
or to 2'% enrichment, resulting in either 400 or 1300 co-disposal canisters, respectively.

The canister storage facility estimate for the direct disposal phase of the reprocessing option is
discussed in Section 8, since the storage facility is constructed integral with receiving and
transfer functions.
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Table C7.2-1 Required Interim Storage Tubes for Each Technology

Required Storage RequiredTechnology TbsCpct io Cost Scale Factor

Direct Disposal 573 2.49 1.73

Co-Disposal 700 3.04 1.95

Press and Dilute (20%) 200 0.87 0.92

Press and Dilute (2%) 650 2.83 1.86

Melt and Dilute 200 .0.87 0.92

Plasma Arc 200 0.87 0.92

GMODS 400 1.74 1.39

Dissolve and Vitrify 400 1.74 1.39

Electrometallurgical 0 N/A N/A

Processing in Canyons 150 0.65 0.77

Tables C7.2-2,1 through C7.2-2,4 present details of the cost estimates for the interim storage
facilities for the direct disposal option, including design, construction, operation, and
decommissioning. These tables demonstrate the basis of the estimate, and the use of the cost
scaling factors shown above. Tables C7.2-3 through C7.2-9 summarize total implementation,
operation, and decommissioning costs for the other interim storage facilities.

Storage of Glass Logs

The Electrometallurgical and Processing options produce glass logs containing fission products
but no fissile material. These packages are assumed to be stored at DWPF in one of the Glass
Waste Storage Buildings (GWSB). The cost for storing these glass logs is estimated as an
incremental increase of the cost of the construction of the next GWSB facility. Based on a
current estimate of $100 million total estimated cost, an additional 30%was added for Other
Project Costs (OPC), for a total project cost (without contingency) of $130 million for a facility
for storage of approximately 2300 glass logs. Using the same scaling relationship described for
the vault storage facilities, the incremental costs for adding 90 or 120 more storage locations was
evaluated as $3.0 million for the Electrometallurgical option, and $4.0 million for the
reprocessing option, respectively. This charge is assessed in 2004, when the next GWSB is
expected to be constructed. Only capital costs are included, since incremental operating costs are
negligible on this basis.
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Table C7.2-2 Storage Facility Estimate - Direct Disposal
Sheet 1

. l1 Item I De~scription I EstmatedCost 11
Jiescrlplton Estimated U�

DEVELOPMENT COSTS

00 Development
0.1 Research and Development
0.2 Process Demonstration
0.3 Waste Form Quallflcation -
0.4 Development Contingency (0% otO.l, 0.2, and 03)

SUBTOTAL 0.0 DEVELOPMENT

~~~IMPLEMENTATION COSTSI

1.0 Construction Costs (Fixed Price Contract)
1.1 Building Structure Costs 9,21
1.2 Building Equipment Costs i2,76
13 Construction Indirects (29% of 1.1 and 1.2) 6,374

SUBTOTAL Construction 1.0 28,352

2.0 Title land Tide 1 Design (8% of 1.0) 2,268
3.0 Inspection (3% of 1.0) 851
4.0 Project Support (See Note 1) (6% of 1.0) 1,701
5.0 Construction Management (14% of 1.0) 3,96
6.0 SUBTOTAL Engr & Const (1.0, 2.0,3.0,4.0, 5.0) 37,141

7.0 Site G & A (16% of 6.0) 5,943

8.0 Total Estimated Cost (TEC) (6.0,7.0) 43,08

9.0 OPC (Other Project Costs) (See Note 2) (30% of 8.0) 12,9
10.0 Implementation Contingency (0% of 8.0 and 9.0)

11.0 Total Projected Cost (8.0,9.0, 10.0) IMPLEMENTATION 56,008

.~ ~ ~ ~ ~ ~ ~ ~ -

OPERATIONS COSTS
5 Shffts Week L oShifts /Week 15 Shifts /Week 21 Shifts /Week

12.0 Operations and Maintenance Costs (See Note 3)
12.1 Annual Operation Costs (Labor) 145 213 28 364
12.2 Annual Utility Costs
123 Annual Material / Consumable Costs 2
12.4 Annual Maintenance Costs 1,001 1,57 2,15 2,847
12.5 Interim Storage Costs Included Above Included Above Inciuded Above Included Above
12.6 Operations Contingency (0% of 12.1 through 12.5)

SUBTOTAL 12.0 OPERATIONS (12.1 through 12.6). 1,151 1,798 2,44 3,22

DECONTAMINATION AND DECOMMISSIONING COSTS

13.0 Decontamination and Decommissining Costs
13.1 FacilIty and Equipment D&D
13.2 Storage D&D 232

SUBTOTAL 13.0 D&D 232

NOTES:
1. Project Support Includes Project Management, Project Control, Estimating and QA
2. Other Project Costs include NEPA process, developing operating procedures, startup and checkout.
3. Annual coss may vary with years depending on operations performed.
4. Percentages shown above are suggested starting point values, and may be adjusted.
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Table C7.2-2 Storage Facility Estimate- Direct Disposal
Sheet 2

Building and Equipment Matedial and Installation Summary

ascription ma odlVltaiUn Capacity Ratios Scale Factor Storage Facitty for RRTF

__________________ __ . . _Building Equip Total Building qp Euip B Equi Total
X-T Receive and Inspect 258 150 408 0.2 0.2 52 30 82
X- 2 WashVehicdeandCask 374 541 915 0 0 0 0 0
X- 3 CaskStagingandHanding 188 2360 2546 I 1 1 A 188 2380 2546
X- 4 CanisterLoadand Unload 56 4623 487 1 1 1 I 58 4823 4879
X-5 Canister Transport 56 S5 I I I 1 58 0
X- 6 StorageCavity 4424 2t49 6573 2.489 2.489 1.728 1.728 7846 3714 1138
X-7 Monitor and Inspect 379 -82 461 1 1 1 1 379 82 481
X- 8 Liquid Waste Treatment 31 475 506 0 0 0 0
X- 9 Decon&Survey 30 171 201 0.5 0.5 15 88 101
X- 1 Others. 732 732 1 1 1_ 0 732 732

= Total (1993 Dolars) _ 5794 11283 1707, . 8390 11627 20016

Note: Costs above are In 1993 Dollars. Convert to 1998 dollars multiptying by 1.098. ===9212 127 2197
93-94 94-95 95-98 Cum
iO2.60% 103.101% 103.80% 109.80%

Storage Capackty Required 573 tubes compared to 230 tubes In relerence. Small Storage Module X (EGG-WM-10708)

Notes:
1. Receipt & Inspection, Wash Vehicles and Cask, have been significantly reduced since this facility will be constructed adjacent to Transfer Facility.
2. Cask delivery and staging areas not scaled back since there are only two delivery areas, and we want that contiguration.
3. Decon and survey reduced since with transfers Inside a laclity, surveys will be nominal, but general support red protect will stili be needed.



Table C7.2-2 Storage Facility Estimate - Direct Disposal
Sheet 3

Operating and Maintenance Summary (Loading, Unloading)

Area DescrIption SmaI Storage Module X (EGG-WM-10708) Scaling Storage Facility OM Est (15 shits) Storage Facility O&M Est (5 shills) Storage Facity ON Est (10 shils) Storage Facliity O&M Eat (21 shilts)

Maint Utiltties MaterIals FTE Cap Scale Maint Utilities MaterIals FTE Maint Utilities MaterIals FTE MaInt Utilities MaterIals FTE Maint Utilities MaterIals FTE

X- Receiveand nspect 28 1 5 0.3 0.200 6 0 1 0.1 2 0 0 0. 4 0 1 0. 8 0 1 0.1
X- 2 WashVehicteandCask 77 1 . O.O 0 0 0 0.0 0 0 0 0. 0 .0 0 0. 0 0 0 0.
X- 3 Cask StagingandHandling 448 I 0. 1.000 1.00 448 1 0 0.3 149 0 0 0.1 299 1 0 0. 627 1 0 0.4
X- 4 CanisterLoadandUnload 644 I 0. 1.000 1.000 644 1 0 0. 215 0 0 0.1 429 1 0 0.2 902 I 0 0.4
X- 5 CanisterTransport 0.3 1.000 1.000 0 0 0 0.3 0 0 0 0.1 0 0 0 0.2 0 0 0 0.4
X StorageCavity - 200 1 0.1 2.489 1.728 346 2 0 0.2 115 1 0 0.1 230 1 0 0.1 484 2 0 0.
X-7 Monltor and Inspect 18 1 0.2 1.000 1.0ii 18 0 1 0.2 6 0 0 0.1 12 0 .1 01 25 0 1 0.
X-8 UiuidWasteTreatment 84 1 5 O.ODO 0 0 0 0. 0 0 0 0. 0 0 0 0. 0 0 *0 0.
X-9 Decon.& Survey 25 0.. 0.500 13 0 0 0. 4 0 0 0. 8 0 0 0. le 0 0 0.
X10 Othes 102 1.000 1 OCO 102 0 0 0. 34 0 0 0. 68 0 0 0. 143 0 0 0.

=Tobi 1993Doltars) 1626_ 6 I_ 21 1576 4 2 187 525 1 I _ 2 12
FTE (KS) 140 . Grand Total 1768 Grand Total 589 Grand Total .1179 Grand Total 2476

Note: Costsabovearean1993Dollars. Convertto199edoiarsmultiplying by1.098. *-o-=4 1730 4 2 2051 577 1 1 §Y 1153 3 1 1371 2422 6 3 2871
Grand Total ($1996) 1942 Grand Total ($1996) 647 Grand Total ($1996) 1294 Grand Total (St996) 2718

Op~era''ng and Maintenance Summary Loading (Storage)

Area Description | Snali Storage Modute X (EGG-WM-10708) ScalIng Storage Facility O&M Est (I5 shifts) Storage Facility O&M Eat (5 shIlis) Storage Facility OM Eat (10 shIlls) Storage Facility O&M Est (21 shills)

. Mant Utilities MaterIals FTE Ca Scae Maint UtilIties Mateerals FTE Maint UW1llties MaterIals FTE Maint UtiUttes MaterIals FTE MaInt Utilities MaterIals FTEx:T Receive and Inspect L a ~~~~~~~~~Ratio Factor .

X- I Receive and Inspect 6 0. I 0 0 0. I F 0 oFt 1 0 0 0.0 1 0 0 0.
X- 2 WashVehkclandCask 20 0.*QO 0 0 0 0. 0 0 0 0.n 0 0 0 0 0 0 0 0.
X. 3 Cask Stag"ngandtHandling 110 1.000 1.0CO 110 *0 0 0. 1tO 0 0 0. 110 0 0 0. 110 0 0 0.
X- 4 Canister Load and Unload 158 1.000 1.000 158 0 0 0. 158 0 0 0. 158 0 0 0. 15 0 0 0.
X 5 Cantster Transport 1.000 1 0 0 0 0. 0 0 0 0. 0 0 0 0 . 0 0 0 0.
X6 Storag Cavity 50 2.489 1.728 8 0 0 0. 86 0 0 0. B6 0 0 0. 86 0 0 .
X7 Monitor and Inspect 4 1 1 0.5 1.000 1. 4 1 1 0.5 4 1 1 0.5 4 1 1 0.5 4 I - 1 0.5
X 8 Lkpid Waste Treatment 20 0. 0 0 0 0. 0 0 0 0. 0 0 0 0. 0 0 0 0.
X-9 Dcon & Survey .6 0. 3 0 0 0. 3 0 0 0. 3 .O 0 0. 3 0 0 0.
X-10 Others 24 1.000 1. 2 0 0 0. 24 0 0 0. 24 0 0 0.1 24 0 0 0.

totat(19930offar 396 i 7 _ 387 I 1 70 387 1 1 7 387. I 1 70 3E 7 1 1 7
FTE (KS) 140 Grand Total

Note: Costs above are in 1993 Dollars. Convert to 1996 dollars multiplying by 1.098. -- = -f 425
459 f-nd TotaW A59 Grand Total 5Q (Grand Total 459

--- . .....
.-- -- .-- -1

1 1 .771 4 1 1 77~~~~I1 <5 I 71 42 I I {{l

. . . , , .~~~50 -rn -ra - .wu
Urand Total ($19)6I 504 Grand Iotal (St199) S.d bu rana T otal tsl99m) 504 urano Total IS 19M.

Q
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Table C7.2-2 Storage Facility Estimate - Direct Disposal
Sheet 4 .

Decontaminatlon and Decommissioning Sumrnary . Small Storage Modulo X (EGG.WM-10708)

EGG-WM- Cap Scale Storage
Area Deasctriptn 10708 Ratio Factor FacM!ty

X I Receive and Inspect 232 0.200 4
X- 2 Wash Vehicle and Cask 337 0.OIX
X- 3 Cask Staging and Handling 144 1.000 I.0tX 144
X- 4 Canister Load and Unload 4 t.000 1.0 4
X- 5 CanisterTransport 1.000 1. 43
X- B Storage Cavity 100 2.489 1.72 1742
X- 7 Monitor and Inspect 86 1.000 1.
X. B Liquid Waste Treatment 77 0.
X- 9 Decon & Survey 27 0 14
X- t0 Others 1.000 1000

otai (1993 9Dollars) 195 .. 211

<--:- Note: Increased EGG estimate tor LargeModule X

Note: Coats above are In 1993 Dollars. Convert to 1996 dollars multiplying by 1.098. =====-===..>>



Table C7.2-3 Storage Facility Estimate - Co - Disposal

I Item i Description Estimated Cost

DEVELOPMENT COSTS _

0.0 Development
0.1 Research and Development .
0. Process Demonstration .
0.3 Waste Form Qualification O
OA Development Contingency (0% of 0.1, 0.2, and 0.3)

SUBTOTAL 0.0 DEVELOPMENT

IMPLEMENTATION COSTS _ _.

1.0 Construction Costs (Fixed Price Contract)
1.1 BuIlding Structure Costs 10288
1.2 Building Equipment Costs 13,28
1.3 Construction Indirects (29% of 1.1 and 1.2) 6,83

SUBTOTAL Construction 1.0 30,41

2.0 Tide I and Tile 11 Design (8% of 1.0) 2,433
3.0 Inspection (3% of 1.0) 91
4.0 Project Support (See Note 1) (6% of 1.0) 1i8
5.0 Construction Management (14% of 1.0) 4,2
6.0 SUBTOTAL Engr & Const (1.0, 2.0,3.0,4.0, 5.0) 39

7.0 Site G & A (16% of 6.0) 6,37

8.0 Total Estimated Cost (TEC) (6.0,7.0) 46,21

9.0 OPC (Other Project Costs) (See Note 2) (30% of 8.0) 13,86
10.0 Implementation Contingency (0% of 8.0 and 9.0)

11.0 Total Projected Cost (8.0, 9.0,10.0) IMPLEMENTATION 60,

Ir~~~ flflfl A PflSC flfl~,... 1I

Wirfna¶a I .1ssN s;UA b

5 Shifts I Week 10 Shifts Week 15 ShIfts I Week 21 Shifts Week
12.0 - Operations and Maintenance Costs (See Note 3)

12.1 Annual Operation Costs (Labor) 14 21 28 36
12.2 Annual XJtiity Costs .
12.3 Annual Material I Consumable Costs .

* 12.4 Annual Maintenance Costs 1,0 .1,6 2,21 2,92
12.5 Interim Stoage Costs Iuded Above inciuded Above Inciuded Above Incuded Above
12.6 Operations Contingency (0% of 12.1 through 12.5)

SUBTOTAL 12.0 OPERATIONS (12.1 through 12.6). 1,181 1,84! 2,51 3,30

DEOAND DECOMMlSIONING COST'S

13.0 Decontamination and Decommissioning Costs
13.1 Facility and Equipment D&D
13.2 Storage D&D 2571

SUBTOTAL 13.0 D&D 2571

NOTES:
1. Project Support includes Project Management, Project Control, Estimating and QA
2. Other Project Costs include NEPA process, developing operating procedures, startup and checkout.
3. Annual cests may vary with years depending on operations performed.
4. Percentages shown above are suggesd staing point values, and may be adjusted.



Table C7.2-4 Storage Facility Estimate - Press & Dilute 2%

|l Item | . Descripton I Estimated Cost

DEVELOPMENT COSTS_m _

0.0 Development
0.1 Research and Development

- 0.2 Process Demonstration
0.3 Waste Form Qualification

.OA Development Contingency (0% of 0.1, 0.2, and 03)

SUBTOTAL 0.0 DEVELOPMENT

IMPLEMENTATION COSTS I

1.0 Construction Costs (Fixed Price Contract)
1.1 Building Structure Costs 9,877

1.2 Building Equipment Costs 13,089

1.3 Construction Indirects (29% of 1.1 and 1.2) 6,660

SUBTOTAL Construction 1.0 29,6

2.0 Title I and Tide 11 Design (8% of 1.0) 2,37

3.0 Inspection (3% ofr1.0) 88

4.0 Project Support (See Note 1) (6% or 1.0) 1,77

5.0 Construction Management (14% of 1.0) 4,1

6.0 SUBTOTAL Engr & Const (1.0,2.0,3.0,4.0,5.0) 38,8

7.0 Site G & A (16% of 6.0) 6,2

8.0 Total Estimated Cost (TEC) (6.0,7.0) 45,01

9.0 OPC (Other Project Costs) (See Note 2) (30% of 8.0) 13,5

10.0 Implementation Contingency (0% of 8.0 and 9.0)

11.0 Total Projected Cost (8.0,9.0,10.0) IMPLEMENTATION 58,5

_ .- OPERATIONS COSTS
5 Shifts I Week, 10 Shfts /Week 15 Shifts /Week 21 Shifts / Week

12.0 Operations and Maintenance Costs (See Note 3)
12.1 Annual Operation Costs (labor) 14 215 284 367

12.2 Annual Utility Costs 3 4 6 7

12.3 Annual Material /Consumable Costs- 2 3 3

12A Annual Maintenance Costs 1,01 1, 2,192 2,896

12.5 Interim Storage Costs Included Above included Above Incuded Above Included Above

12.6 Operations Contifigency (0% of 12.1 through 12.5)
SUBTOTAL 12.0 OPERATIONS (12.1 through 12.6). 1,16 1,82 2,485 3,275

[ NDECONTAMNATION AND DECOMMSSIONING COSTS

13.0 Decontamination and Decommissioning Costs

13.2 Storage D&D 247

SUBTOTAL 13.0 D&D 247

NOTES:
1. Project Support includes Project Management, Project Control, Estimating and QA

2. Other Project Costs indude NEPA process, developing operating procedures, startup and checkouL

3. Annual costs may vary with years depending on operations performed.
4. Percentages shown above are suggested starting point values, and may be adjusted.



Table C7.2-5 Storage Facility Estimate - Press & Dilute 20%

| Item 1 -- Desaltion Estimated Cost

DEVELOPMENT COSTS I

0.0 Development
0.1 Resiarch and Development
0.2 Process Demonstration
0.3 Waste Form Qualification -
0.4 Development Contingency (0% cr0.1;0.2, and 03)

SUBTOTAL 0.0 DEVELOPMENT -

IMPLEMENTATION COSTS |

1.0 Construction Costs (Fixed Price Contract)
1.1 Building Structure Costs SIM
1.2 Building Equipment Costs 10,858
1.3 Construction Indirects (29% of 1.1 and 1.2) 4,681

SUBTOTAL Construction 1.0 20,82

2.0 Title I and Title 11 Design (8% of 1.0) 1,66
3.0 Inspection (3% of 1.0) . 62
4.0 Project Support (See Note 1) (6% of 1.0) 1,24
5.0 Construction Management (14% of 1.0) 2,91
6.0 SUBTOTAL Engr & Const (1.0,2.0, 3.0,4.0, S.0) 27,2

7.0 Site G & A (16% of 6.0) 4,36

8.0 Total Estimated Cost (TEC) (6.0,7.0) 31,641

9.0 OPC (Other Project Costs) (See Note 2) (30% of 8.0) 9,492
10.0 Implementation Contingency (0% of8.0 and 9.0)

If.0 Total Projected Cost (8.0,9.0, 10.0) IMPLEMENTATION 41,133

- UPERATIONS COSTS

. :5. _ . ' - ---~-=~ ~ ~ ~ ~~ r ~~ - ~ _ _ S Shifts I W~eec | 10 Sinfftsl/tWeek |15 shilStsh/tWeek I 21 ShiftstWeek
12.0 Operations and Maintnance Costs (See Note 3)

. 12.1 Annual Operation Costs (Lsbor) 141 2 26 34
12.2 Annual Utility Costs 2 3
12.3 Annual Material I Consumable Costs 2 3 4
12.4 Annual Maintenance Costs 898 1,41 1,933 2,5
12.5 Interim Storage Costs In'cuded Above Inciuded Above Inciuded Above Inciuded Above
12.6 Operations Contingency (0% of,12.1 through 12.5)

SUBTOTAL 12.0 OPERATIONS (12.1 through 12.6). 1,043 1,626 2,21 2,910

DECONTAMINATION AND DECOM MIONING INOST]

13.0 Decontamination and Decommissonng Costs
13.1 Facility and Equipment D&D
13.2 Storage D&D 1430

SUBTOTAL 13.0 D&D 14

NOTES:
1. Project Support indudes Project Managmuent, Project Controi, Estimatmng and QA
2. Other Project Costs indude NEPA proeass, developing operat produres, startup and checkout.
3. Annual costs may vary with years depending an operations performed.
4. Percentages shown above are suggested starting point values, and may he adjusted.



Table C7.2-6 Storage Facility Estimate - Melt & Dilute

Item Descrtion Estimated Cost

DEVELOPMENT COSTS

0.0 - Development
0.1 Research and Development ol
0.2 Process Demonstration
03 Waste Form Qualification
O.4 Development Contingency (0% of 0.1, 0.2, and 03)

SUBTOTAL 0.0 DEVELOPMENT - .

IMPLEMENTATION COSTS

1.0 Construction Costs (Fixed Price Contract)
1.1 Building Structure Costs 5,283
1.2 Building Equipment Costs 10,85S
1.3 Construction Indirects (29% of 1.1 and 12) 4,681

SUBTOTAL Construction 1.0 20,822

2.0 Title I and Titde II Design (8% of 1.0) 1,66
3.0 Inspection (3% of 1.0) 62
4.0 Project Support (See Note 1) (6% of 1.0) 1,24
5.0 Construction Management (14% of 1.0) 2,91
6.0 SUBTOTAL Engr & Const (1.0, 2.0,3.0,4.0, 5.0) 27,27

7.0 Site G & A (16% of 6.0) 4

8.0 Total Estimated Cost (TEC) (6.0,7.0) 31,641

9.0 OPC (Other Project Costs) (See Note 2) (30% of 8.0) 9,49
10.0 Implementation Contingency (0% of 8.0 and 9.0)

11.0 Total Projected Cost (8.0, 9.0, 10.0) IMPLEMENTATION 41,13

OPERATIONS COSTS
5 Shifts Week 10 Shifts Week 15 Shifts Week 21 Shifts / Week

12.0 Operations and Maintenance Costs (See Note 3)
* 12.1 Annual Operation Costs (Labor) 141 20 269

12.2 Annual tUtility Costs 2. 5
12.3 Annual Material/ Consumable Costs 3 3
12.4 Annual Maintenance Costs 89 1,41 1,933 25
12.5 Interin Storage Costs Included Above Included Above Included Above Incuded Above
12.6 Operations Contingency (0% of 12.1 through 12.5)

SUBTOTAL 12.0 OPERATIONS (12.1 through 12.6). 1,04 1,62 2,21 2,91

DECONTAMINATION AND DECOMMISSIONING COSTS

13.0 Decontamination and Deownmissioning Costs
13.1 FacilIty and Equipment D&D
13.2 Storage D&D 143

SUBTOTAL 13.0 D&D 14

NOTES:
1. Project Support includes Project Management, Project Control, Estimating and QA
2. Other Project Costs include NEPA process, developing operating procedures, startup and checkout.
3. Annual costs may vary with years depending on operations performed.
4. Percentages shown above are suggested starting point values, and may be adjusted.



Table C7.2-7 Storage Facility Estimate - Plasma Arc

'

if Itemi |Descrigdon Estimated Cost

DEVELOPMENT COSTS

0.0 Development
0.1 Research and Development .
0.2 Process Demonstration l

03 Waste Form Qualification .
0.4 Development Contingency (0% of 0.1, 0.2, and 03)

SUBTOTAL 0.0 DEVELOPMENT

IMPLEMENTATION COSTS

1.0 Construction Costs (Fixed Price Contract)
1.1 Building Structure Costs 5 8
1.2 Building Equipment Costs 10,S
.13 Construction Indirects (29% of 1.1 and 12) 4,68

SUBTOTAL Construction 1.0 20,8

2.0 Tltle I and Title II Design (8% of 1.0) 1,66
3.0 Inspection (3% of 1.0) 62
4.0 Project Support (See Note 1) (6% of1I.0) 1,249
5.0 Construction Management (14% of 1.0) 2,91
6.0 SUBTOTAL Engr & Const (1.0, 2.0,3.0,4.0, 5.0) 2727

7.0 Site G & A (16% of 6.0) 4,364

8.0 Total Estimated Cost (TEC) (6.0,7.0) 31,641

9.0 OPC (Other Project Costs) (See Note 2) (30% of 8.0) 9,4
10.0 Implementation Contingency (0% of 8.0 and 9.0)

11.0 Total Projected Cost (8.0, 9.0, 10.0) IMPLEMENTATION 41,13

OPERATIONS COSTS
5 Shifts Week 110ShiftsIWeek I5Shifts/Week 21 Shifts Week

12.0 Operations and Maintenance Costs (See Note 3)
12.1 Annual.Operation Costs (Labor) 141 2 26 34
12.2 Annual Utility Costs 2 - i

12.3 Annual Material I Consumable Costs . 4
12.4 Annual Maintenance Costs 89 1,41 1,93 . 2,554
12.5 Interim Storage Costs Included Above Included Above Included Above Included Above
12.6 Operations Contingency (0% of 12.1 through 12.5)

SUBTOTAL 12.0 OPERATIONS (12.1 through 12.6). 104 1 2,21 2,91

[ DECONTAMINATION AND DECOMMISSIONING COSTS

13.0 Decontamination and Decommisioning Costs
13.1 Facility and Equipment D&D
13.2 Storage D&D 1430

SUBTOTAL 13.0 D&D l 14

NOTES:
1. Project Support includes Project Management, Project Contro, Estimating and QA
2. Other Project Costs include NEPA process, developing operating procedures startup and checkout.
3. Annual costs may vary wvth years depending on operations performed.
4. Percentages shown above are suggested starting point values, and may be adjusted



Table C7.2-8 Storage Facility Estimate - GMODs

ltem DescripLion Estimated Cost

DEVELOPMENT COSTS .

0.0 Development
0.1 Research and Development
0.2 Process Demonstration C

0.3 Waste Form Qualification
0.4 Development Contingency (0% of 0.1, 0.2, and 03)

SUBTOTAL 0.0 DEVELOPMENT C

IMPLEMENTATION COSTS

1.0 Construction Costs (Fixed Price Contract)
1.1 Building Structure Costs 7,58

1.2 Building Equipment Costs 11,977
.1.3 Construction Indirects (29% of 1.1 and 1.2) 5,67

SUBTOTAL Construction 1.0 2S,237

2.0 Title I and Title II Design (8% of 1.0) 2,01

3.0 Inspection (3% of 1.0) 75

4.0 Project Support (See Note 1) (6% of 1.0) 1,51
5.0 Construction Management (14% of 1.0) 3,53

6.0 SUBTOTAL Engr & Const (1.0, 2.0,3.0,4.0, 5.0) 33,061

7.0 SiteG&A(16%of6.0) 5,29

8.0 Total Estimated Cost (TEC) (6.0,7.0) 38,35C

9.0 OPC (Other Project Costs) (See Note 2) (30% of 8.0) 11,50S

10.0 Implementation Contingency (0% of 8.0 and 9.0)

21.0 Total Projected Cost (8.0, 9.0, 10.0) IMPLEMENTATION 49,855

OPERATIONS COSTS
5 Shifts I Week 10 Shifts i Week 15 Shifts I Week 21 Shifts Week

12.0, Operations and Maintenance Costs (See Note 3)
12.1 Annual.Operation Costs (Labor) 143 21 2 356

12.2 Annual Utility Costs 2 7

12.3 Annuai Material I Consumable Costs .2 4

12.4 Annual Maintenance Costs 95 1,51 2,06 2,726

12.5 Interim Storage CostS Included Above Included Above Inciuded Above Included Above
12.6 Operations Contingency (0% of 12.1 through 12.5)

SUBTOTAL 12.0 OPERATIONS (12.1 through 12.6). 1,1 1,72 2 3,093
.=. . .................... . . _... _ ...

DECONTAMINATION AND DECOMMISSIONING COSTS

13.0 Decontamhuntion and Decommissioning Costs
13.1 Facility and Equipment D&D
13.2 Storage D&D 1955

SUBTOTAL 13.0 D&D 195

NOTES:
1. Project Support includes Project Managemnent, Project Control, Estimating and QA
2. Other Project Costs include NEPA process, developing operating procedures, startup and checkout
3. Annual costs may vary with years depending on operations performed.
4. Percentages shown above are suggested starting point values, and may be adjusted.



Table C7.2-9 Storage Facility Estimate - D&V
"-/

g Item { Descripin I Estimated Cost

DEVELOPMENT COSTS

0.0 Development
0.1. Research and Development °
0.2 Process Demonstration .

0.3 Waste Form Qualification
0.4 Development Contingency (0% of0., 0.2, and 0.3)

SUBTOTAL 0.0 DEVELOPMENT _

IMPLEMENTATION COSTS .

1.0 Construction Costs (Fixed Price Contract)
1.1 Building Structure Costs 7,5
1.2 BuIlding Equipment Costs 1 ,g
1.3 Construction Indirects (29% of 1.1 and 1.2) 5,673

SUBTOTAL Construction 1.0 25,237

2.0 Title I and Titie 11 Design (8% of 1.0) 2,019
3.0 Inspection (3% of 1.0) 757
4.0 Project Support (See Note 1) (6% of 1.0) 151m
5.0 Construction Management (14% of 1.0) 3,53
6.0 SUBTOTAL Engr & Const (1.0, 2.0,3.0,4.0, 5.0) 33,061

7.0 Site G & A (16% of 6.0) 5,2

8.0 Total Estimated Cost (TEC) (6.0,7.0) 38,35

9.0 OPC (Other Project Costs) (See Note 2) (30% of 8.0) 11
10.0 Implementation Contingency (0% of 8.0 and 9.0)

11.0 Total Projected Cost (8.0, 9.0, 10.0) IMPLEMENTATION 49,85

OPERATIONS COSTS
.SShifts /Week 10 Shifts Week 1S Shifts /Week 21 Shifts/ Week

12.0 Operations and Maintenance Costs (See Note 3).
12.1 Annual Operation Cpsts (Labor) -143 21 27 35
12.2 Annual Utility Costs 2 4 5 7
12.3 Annual Materlal Consumable Costs
12.4 Annual Maintenance Costs 95 1,51 2,063 272

12.5 Interim Storage Csts Induded Above Induded Above Included Abov$ Induded Above
12.6 Operations Contingency (0% of 12.1 through 12.5)

SUBTOTAL 12.0 OPERATIONS (12.1 through 12.6). 1,10t 1,727 2 3,09

DEC ONTAMINATION AND DECOMMISSIONING COSTS

13.0 Decontamination and Decommissioning Costs
13.1 Facillty and Equipment D&D
13.2 Storage D&D 195

SUBTOTAL 13.0 D&D 195

NOTES:
1. Project Support includes Project Management, Project Control, Estimating and QA
2. Other Project Costs include NEPA proces, developing operating procedures, startup and checkouL
3. Annual costs may vary with years depending on operations performed.
4. Percentages shown above are suggested starting point values, and may be adjusted.



. 7.3 Disposal

For the purposes of this study, disposal charges are composed of transportation to the repository,
and repository fees and operations costs.

Transport to Repository

Using the DOE Office of Civilian Radioactive Waste Management report DOE/RW-0479,
Analysis of the Total System Life Cycle Cost of the Civilian Radioactive Waste Management
Program as a reference, the cost of transportation from SRS to the repository can be estimated as
$160,000 per shipment. This is an "all-in" cost, including development of cask systems,
operations, and decommissioning at the end of useful life. This figure is not sensitive to
treatment technology, and it is assumed that cask configurations similar to defense HLW
shipping casks will be developed. Four DHLW canisters are assumed to be placed in each cask.
For the small (24" x 5') direct disposal canister, it is assumed that 12 canisters can be placed in
one shipping cask. For the co-disposal canisters, it is assumed that a specialty cask will be
designed and procured so that seven canisters can be carried in each shipment. Applying these
unit costs to the quantity of canisters estimated for the various technologies results in the total
transportation costs shown in Table7.3-1. These total costs are distributed in time so that 80% of
the shipments occur in the first eight years after repository shipments begin, and the remaining
20% are uniformly distributed over the remaining eight years before end of research reactor SNF
operations at SRS.

Table 7.3-1 Transportation Operations Costs (Millions)

Number of Transportation
Technology Shipments Operations Cost

Direct Disposal 167 $26.7

Co-Disposal 200 $32.0

Press-and Dilute (20%) - 57 $9.1

Press and Dilute (2%) 186 $29.7

Melt and Dilute 57 $9.1

Plasma Arc 57 $9.1

GMODS 114 $18.3

Dissolve and Vitrify 114 $18.3

Electrometallurgical 23 $3.6

Processing in Canyons 74 $11.8
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Repository Fee and Repository Operations.

Costs associated with the disposal of research reactor SNF can be divided into those that are
relatively fixed, and do not change with the number of waste packages, and those costs which are
directly proportional to the number of waste packages emplaced. Costs in the first category
include the development and licensing of the repository and associated support systems. For the
purpose of this study, this fixed repository development fee has been estimated based on the ratio
of the volume of research reactor SNF to the volume of all SNF in the repository, times the total
projected cost of the repository. This figure is $30 million for all technologies evaluated, and
represents.an estimate of DOE's share of repository costs, based oi the volume of DOE SNF to.'
be stored. Since the same figure is used for all technologies, the repository fee is not a
discriminator in the selection of a disposal technology.

Other direct costs, disposal operations costs including the cost of the individual waste package
itself, handling of the individual waste packages, transportation underground and emplacement in
the repository drift, are directly proportional to the number of waste packages. Three concepts
for disposal are included in the current study: direct disposal of small packages; co-disposal
inside defense HLW packages, and disposal of DWPF canisters as defense HLW. Estimated
unit costs per repository waste package are shown in Table C7.3-2.

Table C7.3-2 Repository Waste Package Unit Costs

Surface and
Package Type Package Cost Subsurface Total Cost

Operations Cost

24" x 10' DD Can $180,000 $170,000 $350,000

24" x 16' DD Can $300,000 $180,000 $480,000

24" x 5' DD Can $100,000 $150,000 $250,000

Defense HLW 5-Pack $400,000 -$200,000 $600,000'

l For the co-disposal concepts, the repository costs for a given defense HLW waste
package are divided equally between the five HLW glass canisters and the co-
disposed 17" x 10' research reactor SNF canister. That is to say, that $100,000 is
apportioned to each of the five glass logs in the HLW waste package, and the last
$100,000 is apportioned to the co-disposed research reactor canister. For disposal
of DHLW canisters, the HLW waste package cost is allocated to the five HLW
canister slots in the waste package. That is, if there is no co-disposal container,
each HLW canister is apportioned $120,000 for the cost of the waste package.

By multiplying the quantities of waste packages in Table C3.04 by the unit costs in Table C7.3-
2, the estimated repository operations costs in Table C7.3-3 result. These costs are distributed
over the period of shipments from SRS to the repository.
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Table C7.3-3 Repository Operations Costs (Millions)

Technology

Direct Disposal

Co-Disposal

Press and Dilute (20%)

Press and Dilute (2%)

Melt and Dilute

Plasma Arc

GMODS

Dissolve and Vitrify

Electrometallurgical

Processing in Canyons

Repository Operations Cost

$368

$140

$40

- $130

$40

$40

$80

$80

$11

$45

-

7.4 Cost of Canisters

The cost of direct disposal and co-disposal canisters (packages) were estimated based on the
OCRWM MPC unit costs (MPC CDR, Volume IV). The costs for DHLW canisters was
estimated based on SRS experience with DWPF. The associated costs are shown in Table C7.4-
1. . -

Table C7.4-1 Assumed Canister Costs

Canister Size Cost (thousands of dollars)

24" x 10' Direct Disposal $44.50

24" x 16' Direct Disposal $66.75

24" x 5" Direct Disposal $22.25

17" x 10' Co-Disposal $21.00

24" x 0I' DHLW Glass Log $10.00

The total costs for these packages is distributed throughout the years of operation based on the
quantity of material treated each year.
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7.5 Cost Adjustments

Hot Vacuum Drying Facility

In addition to the aluminum-based SNF which is the subject of this study, there is an existing
inventory of uranium metal SNF at SRS. Some of the research reactor SNF treatment
technologies evaluated can directly process uranium metal SNF. Other technologies, which do
not change the chemical composition of the SNF, cannot resolve the dry storage issues associated
with this material with out additional treatment. For the technologies which do not alter the
chemical composition of the SNF, a hot vacuum drying facility similar to that planned for
Hanford is included in the cost estimate. The basis of the cost estimate is a scaling of the
conceptual cost estimate prepared for Hanford for a green field version of the HVD facility. The
scale factor is 44% based on a capacity ratio of 1/4, and the exponential scaling relationship
described in Section 7.2. The resulting building and equipment cost is $9.808 million, and the
estimated annual operations cost is $10 million resulting in a total cost of $61 million for this
additional treatment. Table- C7.5- 1 presents a summary of the costs associated with the HVD
Facility, including associated site overheads. These costs are assumed to be deferred until after
the peak construction expenditure years associated with the transfer facility and the treatment
module.

It should be noted that WSRC-RP-95-798 estimates that the cost of reprocessing all uranium
metal SNF would be approximately $30 million. If this proves to be a viable alternative,
construction of the HVD facility could be avoided, saving approximately $30 million in total
system costs.

Uranium Credit

Two of the treatment technologies considered separate out U-235 from other materials. This
material is assumed to have a market value for commercial fuel fabricators, and it is assumed that
the U-235 removed from the research reactor SNF would be sold at market rates. For the
Processing option, this would result in a credit of $175 million. The Electrometallurgical process
will result in a purer form of the U-235 material, and the comparable credit will be $223 million.
These credits are distributed in time based on the amount of material treated each year.-
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Table C7.5-1 Summary of Hot Vacuum Drying Facility Costs

|l Item | Description Estimated Cost

DEVELOPMENT COSTS

0.0 Development
0.1 Research and Development 0
0.2 Process Demonstration 0
0.3 Waste Form Qualification 0
0.4 Development Contingency (0% of 0.1, 0.2, and 0.3) 0

SUBTOTAL 0.0 DEVELOPMENT 0

IMPLEMENTATION COSTS I

1.0 Construction Costs (Fixed Price Contract)
1.1 Building Structure Costs Included Below
1.2 Building Equipment Costs 9,808
13 Construction Indirects (29% of 1.1 and 1.2) 2,844

SUBTOTAL Construction 1.0 12,652

2.0 Title I and Title H Design (8% of 1.0) 1,01
3.0 Inspection (3% of 1.0) 38
4.0 Project Support (See Note 1) (6% of 1.0) 759
5.0 Construction Management (14% of 1.0) 1,771
6.0 SUBTOTAL Engr & Const (1.0, 2.0,3.0,4.0,5.0) 16,57

7.0 Site G & A (16% of 6.0) 2,652

8.0 Total Estimated Cost (TEC) (6.0,7.0) 19,226

9.0 OPC (Other Project Costs) (See Note 2) (30% of 8.0) 5,768
10.0 Implementation Contingency (0% of 8.0 and 9.0)

11.0 Total Projected Cost (8.0, 9.0, 10.0) IMPLEMENTATION 24,994

-. OPERATIONS COSTS
10 Shifts I Week

12.0 Operations and Maintenance Costs (See Note 3)
12.1 Annual Operation Costs (Labor)
12.2 Ainual Utility Costs
12.3 Annual Material/ Consumable Costs
12.4 Annual Maintenance Costs
12.5 Interim Storage Costs
12.6 Operations Contingency (0% of 12.1 through 12.5) 0

SUBTOTAL 12.0 OPERATIONS (12.1 through 12.6). 10,000
(Assumption Based On RBOF Operations)

DECONTAMINATION AND DECOMMISSIONING COSTS

13.0 Decontamination and Decommissioning Costs
13.1 Facility and Equipment D&D 5,000
13.2 Storage D&D

SUBTOTAL 13.0 D&D 5,000

NOTES:
1. Project Support includes Project Management, Project Control, Estimating and QA
2. Other Project Costs include NEPA process, developing operating procedures, startup and checkout
3. Annual costs may vary with years depending on operations performed.
4. Percentages shown above are suggested starting point values, and maybe adjusted.



8.0 Transfer, Treatment and Packaging Costs

This section describes details of cost evaluations that are specific to the technology involved.
Each treatment technology will involve the functions of cask receipt, SNF unloading, and loading
and sealing products into packages. The structures and equipment for these functions will be
very similar for any of the options. For the purposes of these cost evaluations, it is assumed that
the same transfer and packaging facilities and equipment are provided for each option based on
the direct disposal transfer facility cost model. A treatment module was conceptualized for each
technology, which would be incorporated into the transfer facility structure during the detailed
design process. The concept included a list of significant equipment associated with the
treatment technology, and incremental building space needed for the treatment.process. The
building space and equipment costs were estimated, and these were added to the basic transfer
facility costs for a total new facility cost.

8.1 Direct Disposal

General Description

Appendix D provides an overview of the direct disposal option, while Section 11.0 describes
operating variations considered in conceptualizing the system. The central feature of this
technology is the construction of a new dry transfer facility that would serve to receive research
reactor SNF shipments from off-site or from existing basin storage, to transfer the SNF into
packages designed for storage, transportation and disposal in the repository, to dry and seal these
packages, and to place them into interim dry storage at SRS. These packages are designed for
disposal as individual waste packages. When the repository becomes available for shipments of
this type of material, the canisters are withdrawn from storage, loaded into transportation
overpacks, and shipped to the repository. Based on commitments from DOE executive
management, it is assumed that the funding and procurement process will be expedited so that
adequate funding will be made available in 1998, so that this facility can be brought on-line in
2001.

Cost Estimate for Dry Transfer Facility

R&D and Concept Developiment

The technology for all aspects of this concept is already in place, and little research and
development is needed. This concept can proceed directly to the design and construction of
required facilities and equipment with a nominal R&D and development expenditure of $10
million.

Facilities. Equipment and Operations

The cost basis for the dry transfer facility is INEL reports EGG-WM-10670 Waste Managelmeu
Facilities Cost Information for Spent Nuclear Fuel (March 1993), and EGG-WM-10708 Waste
Management Facilities Cost Information Estimating Data for Spent Nuclear Fuel (March 1993).
Because of the similarity of functions performed and production capacity required, Module U
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from these references was used as the basis for capital costs, operating and maintenance costs,
and decontamination and decommissioning costs of the dry transfer facility. Systems which were
determined to be in excess of that required for operation were scaled back. Table C8.I-lshl
presents a summary of the total project costs for the transfer facility, including design,
construction, operation and decommissioning, including appropriate funding overheads. Table
C8. Ish2 through sh4 show the details of these estimates, and demonstrates the scaling of costs
from the reference. These tables also show a listing of systems included in the facility, and the
functions performed.

As a confirmatory point of reference, the OCRWM MRS transfer facility estimate was reviewed
and scaled to the appropriate capacity for. use with SRS SNF. This exercise produced the
building and equipment cost estimate shown in Table C8.1-2. The'two facility estimates are very
close, and this confirms the reasonableness of the estimate based on the INEL reports.

Overall Summary of Costs

Table C8.1-3 shows the total system costs, and Table C8.1-4 present total system costs and their
distribution in time.
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Table C8.1-1 Transfer Facility Estimate - Direct Disposal
Sheet 1

r t m Description EstimatedCst

, DEVELOPMENT COSTS

0.0, Development
0.1 Research and Development 5,001
0.2 Process Demonstration 5,001
0.3 Waste Form Qualification 0
0.4 Development Contingency (0% of 0.1, 02, and 03)

SUBTOTAL 0.0 DEVELOPMENT 10,00t

IMPLEMENTATION COSTS,

1.0 Construction Costs (Fixed Price Contract)
1.1 Building Structure Costs 36,39
1.2 Building Equipment Costs 30,13
1.3 Construction Indirects (29% of 1.1 and 1.2) 19,29

SUBTOTAL Construction 1.0 85,83

2.0 Title I and Title 11 Design (8% of 1.0) 6,86
3.0 Inspection (3% of 1.0) 2,57
4.0 Project Support (See Note 1) (6% of 1.0) 5,1
5.0 Construction Management (14% of 1.0) 12,01
6.0 SUBTOTAL Engr & Const (1.0, 2.0,3.0,4.0, 5.0) 112,4

7.0 Site G & A (16% of 6.0) 17,99

8.0 Total Estimated Cost (TEC) (6.0,7.0) 130,431

9.0 OPC (Other Project Costs) (See Note 2) (30% of 8.0) 39,129
10.0 Implementation Contingency (0% of 8.0 and 9.0)

11.0 Total Pjrojected Cost (8.0,9.0,10.0) IMPLEMENTATION 169,56

OPERATIONS COSTS
5 Shifts Week 10 Shifts Week 15 Shifts Week 2I Shifts Week

12.0 Operations and Maintenance Costs (See Note 3)
12.1 Annual Operation Costs (Labor) 46 92 1380 193
12.2 Annual Utility Costs 72 144 216 303
12.3 Annual Material i/ Consumable Costs 37 748 1122 1570
12.4 Annual Maintenance Costs 2,151 4302 6454 903
12.5 Interim Storage Costs
12.6 Operations Contingency (0% of 12.1 through 12.5)

SUBTOTAL 12.0 OPERATIONS (12.1 through 12.6). 3,051 6,11 9,172 12

DECONTAMINATION AND DECOMMISSIONING COSTS

13.0 Decontamination and Decommissioning Costs
13.1 Facility and Equipment D&D
13.2 Storage D&D

SUBTOTAL 13.0 D&D

,

18,530

18,53tI

NOTES
1.
2.
3.

- ' 4.

Project Support includes Project Management, Project Control, Estimating and QA
Other Project Costs include NEPA process, developing operating procedures, startup and checkout.
Annual costs may vary wIth years depending on operations performed.
Percentages shown above are suggested starting point values~and may be adjusted.
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Table C8.1 -1 Transfer Facility Estimate - Direct Disposal
Shfet 2

(

Buidktg and Eqdprnent Matertat and Instlaation SWm ry

Area Desrpon m 0 Foci Using EGG- ReOuCtio WSR C-RP-95.798 Resutt WSRC-RP-95-798 Alternate Reduction for RRTF Alternate Result for RRTF

WMo107 oa Buin Eqr Totat MJno Eoup Total Mftd Ei*s Total Mft3 EguM Total
U. I Receiveandltnspect 389 386 77 1 369 386 77 389 386 77
U- 2 Wash VetceandCaskl 3780 448 0 3780 446 422 0 3780 448 422
U- 3 CasklStagingand Hanung 3320 3163 64 3320 3163 3320 3183
U- 4 ONFLoacinog 1328 3417 474 0 1328 3417 474 0 1328 3417 474
U- 5 De-Cannmit 1328 2766 400, 100D 1400 928 17668 400 1000 1400 928 1786
U.aSanplng 1845 .2691 4 800 2691 3491 1045 0 1 1845 2691 4536 0 0
U- 7 SNFAnaliysis 2835 1802 483 400 900 1300 243S 902 333 1400 910 2300 1435 902 2t3
U. 8 WastTrealbnentand Pkg 1659 3988 564 200 1000 1200 1459 2968 444 60O 1000 1600 1059 2988 404

U- 9 Conltonlng 3431 3640 7071 200 1000 1200 3231 2640 587 800 1000 180O0 2631 2640 5271
U 0 CanrdnQ 3873 1909 57 0 3873 1909 57 0 3873 1909 S7
U- 1I CaI sbrand DeconSurty 3320 1847 516 3320 1847 516 0 3320 1847 51
U- 12 CaoLser oadng 1660 1 0 1660 0 1 0 1660 0 1
U. 13 HardwareandScrap Metal Pk.g 218 567 70 216 567 7 0 216 567 7
U- 14 U6&ServtceAir/Water 216 584 0 216 584 0 216 584
U- I Enief PncYPower 1890 375 0 1890 375 22 0 1890 375 226
U-l 16 HeagVenliatkig 162 902 0 o0 162 902 1 0 162 902 I
U. 17 RadatlonMont"oring 216 1018 1 0 216 1018 12 0 210 1018 12
U- 18 Etecral& Controls 5644 867 6511 0 5644 07 6511 0 5644 867 8811
U-19 MatntenareHotCelt 640 2305 314 0 640 2305 314 0 840 2305 314
U-20 Man pjnatortatnauce 243 919 II 0 243 919 11 0 243 919 11
U-21 Fres2lContalnerDel&Stor 402 0 0 402 4 0 0 402
U-22 Mhers 45 0 0 45 4 01 0 45 4

=1993 36195 34009 2000 651 I591 1i 1i6 33150 27440

Note: Costs above are in 1993 Doflars. Convert to 1996 dollars ntitiplong by 1.098. =====s= >
93.84 g4-95 95-96 Ctan

102.60% 103.t0% 1036.0% 109.80%

69880 Ia363 30138 ,



Table C8.1-1 Transfer Facility Estimate - Direct Disposal
Sheet 3

Annual Operathg and Mahitenanae Coso

-ea Desdpllon Sinai cas Fadl Usrng EGG-WM-10708 Sralhg Transfar Fadifty AM Est (15 shtfts) TransTer Fadiaty ObM Est (21 shlfts) Transfer Facity 06M Ei (s X Transer Faty CAM Est (0t shifts)

Malrt Utlies Mateala FTE Cap Scale Maint Utlites Materials FrE Mait Uises Matearats PE MaWt UtNtles tialartals FTE Maint Utfrdes Materials a IE
U-1 RaceiveandInspect 70 2 5 1 a . 70 2 5 t 98 3 7 1. - 47 t 3 0.
U-2 Wash VehiceandCask 84 12 2 0.. 1. 84 12 2 0. 118 17 3 0.. 2 . .56 8 1 0.
-3 CaskSUaOV andHuSWg 707 15 2 0. 1. 707 15 2 0. 990 21 3 0. 1 47t t0 I 0.

U- 4 SNFLoadng 760 7 2 0. 1. 760 7 2 0. 1064 10 3 0. 2 1 507 5 I 0.
US DeCa g 620 6 0. 0.500 0. 409 .4 0 0. 573 6 0 0. 1 1 273 * 3 0 0.

U-6Sarrdhg 574 4 0. 0.000 0. 0 0 0 0. 0 0 0 0. 0 0 0 0.
U7 7SNF alysis 378 2 30 0. 0.300 0. 184 1 I5 0 257 1 20 . 61 122 1 t0 0
U- 8 WaslaTreatiresand Pkg 886 15 150 0. 0.600 0.M 652 11 110 0 913 15 MS5 0. 21 3 435 7 74 0.
USC rts 788 8 5 1. 0.600 0. 580 6 4 0 812 a 5 I. 1 . 387 4 2 o.
U- 10 Crrg 403 8 767 1. 1. 403 8 767 1. 564 11 1074 1. 1 269 5 511 0.
U. ICI randoeonSurvey 389 7 5 1. 1. 389 7 5 1. 545 10 7 I. 1 259 5 3 0.
U- 12 CanseLoading9 7 0. 1. 0 7 0 0. 0 10 0 0. 0 5 0 0.
U- 13 a andScrspMetalP 1t9 1 10 0. t. 19 I t0 0. .167 I 14 O0. 79 t 7 0.
U- 14 W&ServiceAir/Water 112 7 0. 1. 112 7 0 0. 157 10 0 0. 3 75 5 0 0.
UI 5 Es gencyPower 77 3 1. 77 3 0 0. 108 4 0 0. 1 51 2 0 0.

U-16s tathgVeroaling 165 S1 100 I. 165 51 100 0. 231 71 140 0. 1 110 34 67 0.
U- 17 RonM an"torh . 186 12 1.. 1. t86 12 0 1 260 17 0 I.. 124 8 0 0.

U-isE & rcaICotr~ols 175 23 t. 175 23 0 0. 245 32 0 0. 117 1t 0 0
U- t9 HotarcetacoCeel 504 6 I. 504 6 0 0. 706 8 0 0. I 336 4 0 0.
U-20 MautalorMaltrnance 200 6 03 1. 200 6 0 0. 280 8 0 O. 6 133 4 0 0.
U-21 FreshContawer Dal Ster 91 7 I. 91 7 0 0. 127 10 0 . 0. . 61 5 0 0.
U-22 O t h 1I . .. .. 11 I 0 0 I I 0 0. 7 I 0 0.

IT e-1993u - 7299 210 1076 1 _ _ _ 58678 197 1022 t25 8229 276 1430 175 t9 16 34 4t 3918 131 88t
F5Ifrl hi ) 1140 Grand Total 353 Grand Total 11694 Grand Total 2784 Grand Total 5569

Note: Costs aove areh In9gs Dolars. Convert to 1998 dolars rrm ts by 1.098. 6454 216- 1122 9035 303 1570 I 21S1 7 374 4 4302 144 748
93-84 94-95 95-96 Carn GrandTotal(SI996) 9172 Grand Total (51996) 128401Grand Total (S1996) 3057 Grand Total (S1996) 6114

102.60% 103.10% 103.80% 109.80C%
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Table C8.1-1 Transfer Facility Estimate - Direct Disposal
Sheet 4

Decontanination and Deconwrtsslonlng Costs

Area Descr4pton E 700 Scaing TrFadityr

_00 . ._Ra to FctorD&D

U- 1 Reaeive and Inspect 9 1.09 97
U- 2 Wash Vehicle and Cask 1.0i) 405
U- 3 Cask Stag" and Handling 91 1.00 91
U- 4 SNIFLoadong 3.
U-S De-Cannir 0500 03 2
U ( Sarning 511 0.OC0 0.
U- 7 SNFAnalysbi 1 0.3C0 0.
U- 8 Wasb Treatment and Pk 4 0.600 0.
U- 9 Con r" 9S 0.600 0.7
U- 10 Cuanig 107 1. 107

11 Cantster and Decon SurMey 91 1. 91
U. 12 Can rLoating I . 4
U- 13 Hardwarend Scrap Metal Pkg. 1.
U- 14 Utt&ServiceAir/Water 54 I. 54
U. 15 Emergency Power 121 I.0 121
U. 16 HeatlingVenlatina4 I.
U-. 17 Radtation Monitoring 1. 4
U- 18 Eleclircat&Controls 1 1. 1
U. 19 MahrlenenceHot Cel 1I
U- 20 Mantttor Matrslnance 1.
U- 21 Fresh Container Del & Stor .i
U- 22 O~m_ 1.

Totat(1993Doldars) 16l ._ 1687

Note: Costs above are hI 1993 Dollars. Convert to 1996 dolers"riIp4tngby 1.098. ========= 1 6
93-94 94-95 95-96 Cum

102.60% 103.10% 103.80% 109.90%



Table C8. 1-2 Transfer Facility Estimate Based On OCRWM MRS

CI Description
1994 MPC CDR
Estimate ($1992)

Converted MPC
CDR Estimate

($1996)
111.8%

Cost Ratio

Ratio (C2IC1) (RCC6)

Estimated
Scale Factor

(%)

SRS Transfer
Facility Estimate

($1996)

Site Development
Transfer Facility
Storage Mode Facility
Radwaste Facility
Security Facilities
Fire Protection
Compressed Air Services
Electric Power Delivery
Instrumentation & Controls
Communications
Administration and Site Services
Site Services Warehouse
Utility Warehouse
Protected Area Warehouse
Vehicle Maintenance Facility
Fossil Fuel Distribution
Site Vehicles
Water Utilities Facility
Conventional Waste Treatment
Sanitary Waste Treatment
Visitors and Media Center
Cask Maintenance Facility

Direct Cost Subtotal

$25,806,201
$59,508,088
$12,248,474

$7,347,592
$10,686,735

$1,387,845

$666,746
$9,879,917

$15,091,290
$775,647

$5,341,086
$844,534

$1,351,876
$451,405

$1,363,890
$1,673,625
$2,611,609
$4,622,330
$1,160,415

$278,052
$2,880,295

$18,591,742

$184,569,394

$28,845,311
$66,516,158
$13,690,936

$8,212,893
$11,945,276

$1,551,287
$745,266

$11,043,442
$16,868,541

$866,992
$5,970,088

$943,992
$1,511,082

$504,565
$1,524,511
$1,870,722
$2,919,170
$5,166,686
$1,297,073

$310,797
$3,219,498

$20,781,230

$206,305,518

0.00

0.70
0.00
0.20
0.40
0.20
0.60
0.70
0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.20
0.20
0.00

0.00

0.10

0.50

0.00

0.81
0.00
0.38
0.58
0.38
0.74
0.81

* 0.00

0.00

0.00

0.00

0.00

I 0.00

0.00

0.00

0.38
0.38
0.00

0.00

10%
50%

0%

70%
0%

40%
60%
30%
70%
80%

0%

0%
0%

0%

0%

0%

0%

0%

20%
30%

0%

0%

$2,884,531
$33,258,079

$0
$6,630,633

$0
$590,623
$430,078

$4,204,578
$12,415,616

$699,961
$0
$0
$0
$0
$0
$0
$0
$0

$493,836
$118,330

$0
$0

$61,726,266
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Table C8.1-3
Total System Cost $million Direct Iposal (1100 Small Packes _

Cost Items - RJ.&DI Facility & Operations D & D Total

A WET STORAGE AND HANDLING 0.0 0.0 282.2 0.0 282.2
- Wet Transfer and Storage 282.2

B TRANSFER AND PACKAGING 10.0 184.6 226.7 18.5 439.8
- Transfer Facility 10.0 169.6 184.0 18.5
- Canisters 15.0 42.7

C TREATMENT 0.0 0.0 0.0 0.0 0.0

D INTERIM STORAGE 0.0 56.0 61.8 . 2.3 120.1
- Vault Storage 56.0 61.8 2.3

E DISPOSAL 30.0 10.0 394.8 0.0 434.8
El - Transportation 10.0 26.7
E2 - Repository Fee 30.0
E3 - Repository Operations 368.1

F ADJUSTMENTS 0.0 31.2 25.0 5.0 61.2
- Hot Vacuum Drying Facility 31.2 25.0 5.0

40.0 281.8| 990.4j 25.9j 1338.1
L ' . 11 1 ~~~~~~~ ~ ~~~~~~~~~~~~~~~~~1 . ' I



Table C8.1-4 Annual Cost Summary -- Time Phase DD

Year 119961 1997 11998 1999 2000 2001 2002 2003 12004 12005 2006 12007 12008 12009 12010 12011 12012 2013 12014 12015 2016. 2017 2018 2-01-972020

Wet Storm"n NEW Transfer
_________________________ 11.21 1~~7.21 17.'I 1712'.21 20 1. 12.0 12. 20 12.0

I'lsnOperatn 75.2 17.0 250 5 1 15.0 8.2 .2 .82 .1 82 .1
Subtotal 32.21 32.21 32. 322 22 20.2 2. 20.21 20.21 20.21 20.21 0.01 0.01 0.01 0.01 0.01 0.01 0.01 6.01 0.01 0.01 0.01 0.01 0.01 0.0

Dry Transfer Facility
D~evelopment 201 20 4 0 20 T TI
Implementation I 93 729 7A III
Operations 1 9 3 ___ 1 1289 1289 12.81 12.81 12.8 1281 6.1 611 631 611 6.11 6.11 3.11 31 311 3.1 3.1 3.1 311 3.1

Subtotal ____ 2.01 41.31 76.91 59.41 12.81 12.8 12.81 12.81 12.81 12.81 6.11 6.11 611 6.1 6.11 6.11 M 331 331 3.1 3.11 3 . 3.1,

Dry Storage Facility rr
Operations 1 3; 3.2 3.2 3.2 3.2 1.8 .IS IS I1 1.8 IS 1.2 121 121 1.21 121 121 1.2 I

_____________Subtota 0. .113.0 24.11 19.01 3.2 321 3.21 321 321 3.21 1.81 1.8 1.8 III1 IA8 1.8 12 1 l 121 1.22 1.

Dry S!=am Canisters- IIIT-I-
Operations 1 J II431 431 4.31 4.31 4.31 4.31 2.11 2.11 2.1 2.11 2.11 2.11_ 0.2 021 0. 2 021 021 021 0.21 0.2
DecplementDemons5 5 5 j21

Subtotal 0.0I 0.0 50 5.01 5.0 431 4.31 4.31 4.31 4.31 4.31 2.11 2 lt 2.1 2. 21 2.1 1 0.21 0.21 021 021 0.2 0.2 0.21 0.2

Hlot Vacusum RyinaLadulty…

Implementation ~~~~1.5 8.0 12.6 9.1 III IIII
Operations III5.0 100 3900

Deouas &Decomms____

Develon~eaint T .T 2.0 2.0 2.0 11114.0

Operations IIII_ II_ _ __ I2.7

Decontan & Decoumm

Subtotal 0.0 0.01 0.01 0.01 2.01 2.01 2.0 0.01 0.01 o. 0.01 0.01 0.01 0.01 0.01 00 0. 01 1 0.01 0.0 .00 00 0.0 4.0 2.7

[ Disposal(Repostory) ~- IIIIIr5 5 1 0 ~
~Development (Fee) 50 .1 50 .1 59

IOperations 36I

Decontamt & Decoomm_ _ _ __ __ _ _ __ __ _

Subtotal -0.0 &00 0.01 0.0 0.01 .0.0 0.01 0.01 0.01 0.01 0.01 0.01 0.g 0.0 009 00 0 5 0 5.0 5.0 502 50 0 36.8

SysteniTotal 77 T 77-

Imptemenation I .0 0.0 7.3 103.1 91.3 1.61 11.1 0.01 00 0.0 0. 0.01 00 0.01O00 0.0 0. 0.0 0.1 0.0Ie::0.0 0.0 4.01 0.

Operations j32.2 32.2 32.2 32.2j 32.2 40.5~ 45.5 505 s0.5 405 40.5 10.01 0.0 :0.0O 10.0 10.0 t0.0 4.4 4.4~ 4.4 4.4j 4.4 4.4 4.4 44.5

Decosiun 1.....!' ~~ ~~~~0.0 0.0 0.01 0.0 0.01 0.01 0.000 00 0 0.0 1 00 0.0 1 0.0 0 .0 0.0 0.0 .0.0 0.0 0.01 0.0 0.0 0.01 0.0

Subtotal J 2 .... I9 j 125.51 55.11 56.61 50.Sj 50.51 40.31 40.31 10.01 10.01 10.01 10.01 j0.01 10 1 . 4. 9.4j _.4 9.j .4 .4 84 5

32.2 34.21 91.S 1396 9.4 9.4 9.4 .4 44



C ( (

Table C8.1-4 Annual Cost Summary -- Time Phase DD

lYea 2021 2022 223 2024 2025 2026 2027 2028 2029 2030 031 '2032 I2033 '2034 I2035 2036 2037

I wet SIoal and..ra sler

I

I

Ep

EBUF Uperations I1142
-flail Operations I I I ,I I I I I I I I I I I I I I I

Subtot 0 I 0.0 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.0 2j82

UE1 I ~urieii
Ury 1rrauer raclaily

Mvevopment _ < < < 7 _ _ 169

)peratlons .1 31 3.1 3-1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 3.1 34.1 IS4
Decouta & Decommun I3.5

Subtotal 3.1 3.1 1 .1 3 . 3.11 3 .1 1 3.1 3.1 1 3 , 3. 1 3.111 3.1 _ 9.3 9.3 382.

_Dr Storaft F&dlity
Development
Implemenlatton
Operatios -m - Sub ~~~~~.31 1.81 Ii9 1.8~ 3.81 1.8. 1.81 1.21 1.21 1.21 1.21 1.21 1.21 1. . 1

Su;btobl 1 t.S| l.S1 I.S 1.81 3.8 3. 1.9 1.21 121 121 1.2 L 1.2 1 I2 i 1.21 1.21 L; : 1 -e.

Dry Storae Canisters

Development O.~
Ilmpleomeantation m _ _ I I I 001

Operations 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 2 0.2 0.2 0.2 0.2 0.2 4271
Deconbmu & Decomm 0 .e

Subtotal 3 0.21 0.2 0.2 0.2 02 0.2 0.2 0.2 0.2 0.2 02 0.2 0.21 0.21 o0

I Hot Vcuum Drvint Facility
Development - - T 0.0
Implementation 3 31.2

Deconbm & Decomm 2.5 2.sl 5.0
I Subtotal 0.0 0o0- 0el 0*01 0o01 oel 0e0o 0.01 0e0o 0e.0 00.e 0.01 0o0- 0ol0 O.l 2.s 2.51 61

[ Trrnsoortauo" System I

Development l l l l l l l l l l I I I I I I Io

Opertions | 2.n 7 27 2.7 27 2.7 2.71 2.71 0.71 0,71 0.71 0.71 0.71 0.71 0.7 0.71 26

|Deconbm & Dewmm I - _ l O _ 1 || 0.10'
I Subtotal 27 2. 7 2.72.1 2.71 .7 2.71 0.70.71 0.71 0.71 0.71 0.71 01 0 0.71 0. 0.9 36.

| Disposal (Repodtorv) -

Development (Fee) |01 1 1 I 1 1 1 300
|Implementalion I I I I | 0.0
Operations 36.8 36.8 36.1 36.8 36.8 36.8 36.8 9.2 9.2 9.2 9.2 9.2 9.2 9.2 9.2 368.

IDeconta & Decomm I I I I I 0.0
Subtotal 36.8 36.81 36.81 36.81 36.81 36.81 36.8 9.21 9.21 9.21 9,21 921 9.21 9.21 9.21 00 00.0 398.

System Total 0
IDemeopmentao 00 0.o 9.00 0.0 0 0 0.0 0.0 0.0 0.0 0.0 0. 00 00 0. 4000 8
|Implemenbtlton | 0l ~l oo .o0 o0loo ~l ~l oo .o eol' ~ l oo ~l ool oo ~l 21

Operations 445 45 44454 445 4445 445 45 34.3 14.35 143 34.3 34.3 143 143 14.3 0 0 l 9904
Deconam & Decommn 0. 00 0.0 .O 00 00 0 .0 0 .0 0 .0 0.0 .0.0 0o0 0,0 00. 12.9 12.9 25.9II Subtotal 44.5 44.5 44.5 44.51 44.5 44.51 44.5 14.31 14.31 1431 14.31 14 1 14.31 14.31 14.31 3291 12.91 1338.1|



8.2 Co-Disposal I--

The Transfer Facility for the Co-Disposal Option is the same as that for the Direct Disposal

Option described in Section 8.1. Table C8.2-1 shows a roll up of the total system costs, and

Table C8.2-2 presents total system costs and their distribution in time.
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Table C8.2-1
Total System Cost Direct Disposal - CoDisposal (1400 Co-Disposal Pkgs)

Cost Items . R&D I Facilit Operations D & D Total
A WET STORAGE AND HANDLING 0.0 0.0 282.2 0.0 282.2

- Wet Transfer and Storage 282.2

B TRANSFER AND PACKAGING 10.0 184.6 213.4 18.5 426.5
- Transfer Facility 10.0 169.6 184.0 18.5
- Canisters 15.0 29.4

C TREATMENT 0.0 0.0 0.0 0.0 0.0

D INTERIM STORAGE 0.0 60.1 63.4 2.6 126.0
- Vault Storage 60.1 63.4 2.6

E DISPOSAL 30.0 10.0 172.0 0.0 212.0
El - Transportation 10.0 32.0
E2 - Repository Fee 30.0
E3 - Repository Operations . 140.0

F CREDITS 0.0 31.2 25.0 5.0 61.2
- Hot Vacuum Drying Facility 31.2 25.0 5.0

TOTALS 40.0.j 285.8 756.01 26.1 1107.9



Table C8.2-2 Annual Cost Summary -- Time Phase DD - CoD

Year 19"6 1 97 1993 1999 2000 2001 2002 ! 203 2 2004 S 2006 2007 2008 I 2009 1 2 2 011 ! 2 12 2013 1 2014 2015 ! 2016 1 2017 1 2018-1 201 1 2020

Wet Stora and Transfer
RBOF Operntioi" 1 5.1 15.0 S1 15.01 IseSJS.i S 21 8.2 .861 S.21 S .21 11-2
LBd Onerations 117.21 17.2 17.21 17.2 17.21 1U2.0 12.0 12.0 12.01 12.0 12.0 I I .

Sublotal 32.2 32.21 32.2 32.2 32.21 20.21 20.2 20.2 20.2 20.2 20.2 0.0 0.0 0.01 0.0 0.0 00 0.0 0.01 3 '0.0 0.0e 0.0 0

Drv Tnnsber I 2*01 2. 4.el 2.0 I I I I I I I I I I 31 3.

Impeeelation 39.3 72.9 57.41
Op ato .s1 12.S 12.8 12.81 12.8 12.81 12.8 6.11 6.11 6.11 6.1| 6.11 6.11 3-'1 3.11 3.i1 3.11 11 311 1 1

A wn I IuI

- Sbtotal j .u 2.0i j 414' 76.91 59.A 12. 1j 2.8 12.81 12. 12.81' 121 6.1| 6.1| 6.1| 6.11 61 6.11 3.41 3.41 3.14 3.11 3.11 3.11 3.11 . 1

Dry Stormae Fadlity
Devedopment_ .2J2 _ -___

Implementation ~ ~ ~ 3.9 25.3 10.3 jjI
Opata bt3.3 3.3 3.3 33 1 3.3 1.8 IS 1.81 1.8 18 1.23 1.2 I 12 1.31 .8
Deeonamk Deaenmmig,

OperatSons o e ~1 3 , 2S20 3.3 3.3 3 3' 3.3 1.8 II II IS I.S18 I.S-1.2!-t 1.2 12 i2 121 12 1.2 I.S

I Dry StorCae s
Developinent I
Implementaton 5.0 5.0 5.I

OpeationsjI 1 2 i.9 2.91 2.9 2.9 2.9 219 1.5 1.5 15 1.5 1.5 1.5 0.1 0.1 01. 0.1 0.1 0.1 0.1 0 .1

Subtotal I 0.01 0.01 5.01 5.0' 5.0 2.91 2.9 2.91 2.9 2.-91 291 1.51 1.5 1.51 1.51 1.51 1.5 01 0. . 0.1 Otj 0I 0.

Development m & D

Ineplementaton 1.5 C0 126 91 |
Operationv 50 100 100 I
Decont m h Decomm

Subtotal 0.0 0.0 0.0 L.5 80 126 14.1 10|01 100 00 0 00 0.0 0.0* 0.0 0.0 0.0 0.0 0.0 0.0 ol 00 *0 00

Transportatin Sstem

loplementaon 1 120 2.0 2.0 1 1 1 1 401

Operations . I1-- -1f-j 3.2
Sibttal .0 0.0| 0.0* 0.0 2Le .i0 2.e 0.0*ol 0.0 0 .00 00.o 0.0e 0.01 0.0e 00.e 00. 0.0 0.0o 0.0o 0.0 0Q0| 401 32

I D Isos (Repository) -
Development(Fee) | I 50 5I0 50 5 50 50
Implementation I I I I I I I
Operations. 14,0

tDeconam & Decomm I I I ___

Subtotal 0.0 0.0 0.0e1eT 0.0e0.0 0.0 0.0 0.0 0.0e e.0b0el 0.0. 0 0 .e 0o0e 0.0Th 50e 5.0e 5.0o so OJ 501 00.0 140

| gSastem Toal I
Development 0.0 2.0 2.0 4.0 2.0 o 00 0e0.e 00 0. 0 0 0. 0. 0.0o .0 0 .0 0 0 o 0.0 S.0 5 se 5.0 501 0 .0 0.0
Implementation 0.0 0.0 S5.2 105.2 9271 146 1111 00 00 00 001 00 0.01 0.0 0.O 00 0.0 0e0 '0 0 0e0 0.0 0.0 0.0o 4.0 0.0
Operations , 32.2 32.2 32.2. 32.2 322 39.3 44.3 49.3 49.3 39.3 39.31 9.4 941 9.4 9 4 91.4 9.4 4.4 44 441 4.4 4.4 4.41 4.4 22.2
Decontam & Decomm [0.0 0.0 0.0 o.0 0.0 0.0 o 0.0 t 0.0 0.0 0.1 0.0 .01 00 0.0 0.0 0. 0.0 0.0 ool 0o *.0 0.01 00 .

Subtotal ! 322 34.2 9241 141A 126.91 53.9 55°Aj 49.31 49.3 39.31 39.3 9i41 9.4 9.41 94 ° 9.4 9| 9IA 9AI4 9 9.4 9.4 9.4e - 8 -

( , %, (~~~~~~~~~~~~
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Table C8.2-2 Annual Cost Summary -- Time Phase DD - CoD

(

I Year !2021 e 2022 1 2023 ! 2024 ! 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 Toa

[ Wet Storaze and Transfer
RBOF Operations 1 f24

perat°ons l l Ope3tin
Subtota llIo.O1 0.0 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.0j 0.01 0.01 0.01 0.! 282.2

1- -Dr, Transfer Facility

I

)eselopment I I 0
snp ensentation j 6961
)perations 3.1 . 3. 31 3.1 3.1 3.1 33.11 33 3.1 3.1 1 3.1 3.1 3.1 31 194

Sucontal.1 __ 3. i 3.. 331 3.1 3 .3 .
& Subtotal 3.1 3.11 31 311 3 1 311 3 1 31 3.11 1 3331 .1 31 3.11 3.11 31 931 9.3 33211

Der Storaze Fadlity I

Development_
Implementotion

poertions
I nnxm ̂  tam

3.8 3. .81 1. 1 .81 1.81 . 1.8j 1.21 1.21 1.21 1.21 1.21 1 .2 1 1.21 1 1 62314

I Subobt otalJI.8j 1j i j.s *-8! 1.81 1.Sj 1.8j 1.21 1.21 1.21 12. 1.2j 1 .2 1.2t i.21 B

Dry Stor me Canhsters _ _…- - - - -

Development. T _ T . . _ 0.
Implementation .. 1
Operations 0. 0Q1 0. 0Q1 03. 0.1 0.1 0Q1 0.1 0.1 0.1 03 01 0.1 29
Deconl m & Decomm . I 0.

Subtotal 0.i 0Ql 03 #3 0 . 0l 011 0.1 0.1° 0.1 0Ql1 0.1 ____0 QZ 4

Hot Vacuum Dryhn Fadlity -

Development . _ . _ - - -0.0

Implementation . . 1 1 1 31.2

Operations 1 . 25.01
Decontbm & Decomm - - _ - - j 2.5 25 51 501

Subtoal 0.0 0.0 00 0.0 0.0 00 0.0 0. 0.0 0.0Q 0.0 0.o0 00ol 0°0° 00.o 2.5 2.51 61.2

| Transporbtbtn System 7
Development I i - - I I
Implementation -, - -- J j 10
Operations 3.2 3.2 3.21 3.21 3.21 3.21 3.21 0.81 0.8s 08.s 0.sl 0.8s 08.s 08sl 0.s 01 320

IDecontar & Decommn | 0
Subtotal 3.2 32 32 3.21 321 3.21 3.21 08s O.81 08s1 0.3l 0.8s 08.s 03.s 08.s 0 0.0 0.01 42.1

Disposal (Repository) -
Development (Fee) 1 1 | I 30.
|Implemenbtbtn | l l l l l | |

Operations 14.0 14.0 14.0 14.0 140 14.0 14.0 3S 3.5 3.5 3.5 3.5 3S 3.5 3.5 1400
Decontanm& Decomm 1 1 1 1 1 1 1el

Subtotal 14.0 140 14.0 14.0 14.0 14.0 14.01 3.5 3.5 3.5 3.5 3-s 35 3.5 335 0.0 o.0 370.

System Total I………40
Development 0.0 00 o T o o ocT 00 o T o s eel o l 0.0 0.0 00 00 00 0 0 0 40.01
Implementation 0.0 60 eel o0 00o 0.00 000o 00 285lo
Operations 2.2 22.2 22i2 22.2 22.2 222 222I 17 87 I 8 .7 8.7 87 87 87 00 00j 756.0I
Decotant &Decomm 0.0 0Q0 0o0 0o 0 oo0 0 0o 1o 0o 0 :.o 0l0 0.0 0.0 0o0 0o0 00. 13.1 13.1 _ 26.11

Subtobl 22.2 .22.21 22.12 22.21 22.21 22.21 22.21 87I 7[t 71 S71 8.71 1.71 I a71 13311 13.11 1107.



8.3 Press and Dilute (20%)

The first variation of this treatment technology considers a process in which the SNF is diluted to
less than 20% enrichment. In addition to the functions of the dry transfer facility, a press and
dilute module is conceptualized to perform the functions associated with this technology.

Table C8.3-1 shows the estimated cost for additional equipment for the Press and Dilute module.

Table C8.3-1 Additional Equipment for Press and Dilute Option

Eauipment Cost (Thousands of 1996 dollars)
Press & Gantry Crane 1,367
Misc. Equipment 4,479
Allowances 2,770
Total Press & Dilute 8,616

Additional building space for this treatment module is 1600 ft, of hot cell space, costed at $2306
per square foot (1996 dollars), consistent with the transfer facility basis, for an additional
building cost of $3,689,000.

Additional operating and maintenance costs were estimated based on WSRC-TR-95-0180 L1
Cycle Cost Estimates for Disposal of Aluminum-Clad HEU SNF (U) scaled to the same value as
the melt and dilute option in that study based on higher throughput. The additional annual costs
for a 15-shift workweek are shown in Table C8.3-2. Costs for other work patterns were scaled
from this value.

Table C83-2 Additional Operating and Maintenance Costs for Press and Dilute Option

Item Cost (Thousands of 1996 dollars)
Labor . - 1,204

Utilities 33. -

Materials 5,126
Maintenance Contracts 1,688

Incremental additional cost for decontamination and decommissioning of the Press and Dilute
module is estimated to be $4 million.

These costs are added to those of-the transfer facility for the direct disposal options. Table C8.3-
3 presents a summary of the total project costs for the transfer facility with the treatment module
included, including design, construction, operation and decommissioning, including appropriate
funding overheads. Table C8.3-4 summarizes overall costs for this option, and Table C8.3-5
shows the distribution of these costs in time.
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Table C8.3-4

(

Total System Cost ($Millions) Press and Dilute (400 Co-Disposal Pkgs - 20%)
Cost Items R&D / I Facility& Operations 0 & D Total

A WET STORAGE AND HANDLING 0.0 0.0 346.6 0.0 34
- Wet Transfer and Storage 346.6

B TRANSFER AND PACKAGING 0.0 184.6 213.8 18.5 416.9
- Treatment Facility (Recv and Pkg) 169.6 205.4 18.5
- Canisters 15.0 8.4

C TREATMENT 1 5.0 31.4 180.3 4.0 230.7
Treatment Facility (Treatment Module) 15.0 31.4 180.3 4.0

D INTERIM STORAGE 0.0 41.1 54.4 . 1.4 96.9
- Vault Storage 41.1 54.4 1.4

E DISPOSAL 30.0 10.0 49.1 0.0 89.1
El - Transportation 10.0 9.1
E2 - Repository Fee 30.0
E3 - Repository Operations 40.0

F ADJUSTMENTS 0.0 31.2 25.0 5.0 61.2
- Hot Vacuum Drying Facility 31.2 25.0 5.0

tTOTALS .45.0 298.3 869.3 29.0 1241.5



Table C8.3-3 Reciept and Treatment Facility - Press & Dilute

i Item I Descrioptin - i Estimated Cost

DEVELOPMENT COSTS I

0.0 Development
0.1 Research and Development 7,S00
0.2 Prcess Demonstration 7,M
0.3 Waste Form Qualification
OA Development Contingency (0% of 0.1, 02, and 0.3)

SUBTOTAL O.0 DEVELOPMENT

IMPLEMENTATION COSTS _____

1.0 Construction Costs (Fixed Price Contract)
1.1 Building Structure Costs 40,088
1.2 Building Equipment Costs 38,754
1.3 Construction Indirects (29% of 1.1 and 1.2) 22,8

SUBTOTAL Construction 1.0 101,706

2.0 Tltle land Title II Design (8% of 1.0) 8,136
3.0 Inspection (3% of 1.0) 3,051
4.0 Project Support (See Note 1) (6% of 1.0) 6,102
5.0 Construction Management (14% of 1.0) 14,239
6.0 SUBTOTAL Engr & Const (1.0, 2.0,3.0,4.0, 5.0) 133,235

7.0 Site G & A (16% of 6.0) 21,318

8.0 Total Estimated Cost (TEC) (6.0,7.0) 154,553

9.0 OPC (Other Project Costs) (See Note 2) (30% of 8.0) 46,3
10.0 Implementation Contingency (0% of 8.0 and 9.0)

11.0 Total Projected Cost (8.0,9.0,10.0) IMPLEMENTATION 200,91

ii
urt;KAl I JfUNN PINSTSI

5 Shf 10 Shifts i Week 15 Shifts J Week 21 Shifts / Week
12.0 Operations and Maintenance Costs (See Note 3)

12.1 Annual.Operation Costs (Labor) , 861 172 2584 -361
12.2 Annual Utilty Costs 83 16 24 34
-12.3 Annual Material I Consumable Costs 2,083 416 6248 874

12A Annual Maintenance Costs 2,71 54 8142 1139
12.5 Interim Storage Costs
12.6 Operations Contingency (0% of 12.1 through 12.5)

SUBTOTAL 12.0 OPERATIONS (12.1 through 12.6). 5,741 11,482 17,22 24,112

I DECONTAMINATION AND DECOMMISSIONING COSTS

13.0 Decontamintion and Decommissioning Costs
13.1 FacIlity and Equipment D&D 2U30
13.2 Storage D&D

.SUBTOTAL 13.0 D&D 2,

NOTES:
1. Project Support indudes Project Management, Project Control, Estimating and QA
2. Other Project Costs indude NEPA process, developing operftng procedures, startup an dieckout
3. Annual costs may vary with years depending an operations performed.
4. Percentages shown above are suggested starUing point values, and may be adjusted.
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Table C8.3-5 Sheeti Annual. Cost Summary' -- Time Phase Press & Dilute
Year 1996 11997 11998 I1999 2000 12001 202 20 04 20 06 20 08 20 2010 12011. 2012 20 13 -=2-0314 2015216 23

Wet Storage and Transfer ~__
_______________________ 322 322j~32~2 32.2 322 72 7 1 202 1202 1202 1202 010 0.020.0

LBasin Operations 172 7 7 722 17.217]12 10 30 10 30 120 2. I 1 0.1 1 1

Receipln Tretment Facility
Development IT 2.3 2.3 4.5 4.5 1.5
Implementation I7.1 54.4 81.6 57.8
Operations 124.1 24.1 24.1 2431 24.1 24.1 1 15 I115 I115 I115 11.5 1 15 11.5 5.7 5.7

Subtotal 0.0 2-.31- 2.3 1161. 58.9 831 57.8 24.11 24.1 i2i1 2411 -241 1 . 11.5 11.5 11. I__ 315 3.5S5 .7

Dry Storage Facility
Development TIIIr
Implementation IAI I 1 1 Il 16.7 1 33.8
Operations I 2.9 2.9 2.9 2.9 2.9 29 1.6 16. 1.6 1.6 3.6 1.6 1.6 1.0 1.0
Decontam & Decomm j jjJ __=..~.-.~ _- - - -

Subtotal 00 0.0 0.01 1.4 11 18 29 2.91 29 2j9 -29 2.9 1361 16 161 16 161 1 1361 1.01 1.0

Dlevelopmlen t 11T T11 T

Decontam & Decomm ___ ______

Subtotal 0-20 0.0 00 0.01 0. 1.5 8.0 12.61 14.1 10.0 10.01 0.0 0.01 0.0 0.0o 0.0 0.0 W11 0 00 . .

Co-Disensi Canisters I__ -q

~Development 15 0 1
Oprations I 51 0.8 0.8 0.8 08 089 08 0.3 0.3 0.3 0 3 0.3 0.3 0.3 01 0.1

Subtotal 0.0 0.0 00 000 50 5 81 0.8 0.8 0.8 0.8 0.8 0.3 033103 003 0 .3 03 0 0 031

r Transportation System - - -. -

Dbevelopmnen:t T

Operations I2 0 2

L onam &Decom - - - .-.-Subtotal0. 0.0 0.0 0 2.0 20 2.0 0.00 0 00 0.01 0.01 0.0 0.0 00 00 0 00 00 0.0 00

L Disposa (Repoitory)- - - -…

Development (Fee) . 50
Operations _ _ _ _1_ _ _ _0 _

pieentamtiDeomm -. __

ontam & DecommSubtotal 0.0 0.0 0. 0 0.0 0.01 C 0.0 . .100 0.0 .o0oo.0 o 1 oo0 0.o 0.0 0.0 5.01 50 5.0 5. _5

Systemn Total- …

Development 0.0 . 2.3 4.5 4.5T 1.5 0.0 o.uT 0.0 0.0 0.0 0.0 0.01 0.0 0.0. 00 .0 .0 5.0 5.0 5.0 5.01
Itnpiementation 0.0 0.0 0.0 8.5 72.61 106.8 84.7 12.61 9.1 . . . .0 . . .0.0 0.0 0.0 0.0 0.0 0.0!
Operations 32.2 32.2 32.2 *32.2 32.2~ -32.2 32.2 48.1 53.3 58.1 58.1 4. 483 34 1.4 :34 34 1.4 13.4 13.4 6.8 6.81
Decontam & Decomm j 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 .0 .0 .0 .0 .0 o .0 .0 0.0 -- 0.0 0.0 o.

Subtotal 322i.J45 4. 0. ~ 369 6. 22 5. 8. 83 4. 34 3. 34 1. 84 1. 84 1. ILi



Table C8.3-5 Sheet2 Annual Cost Summary -- Time Phase Press &. Dilute
I Year 12018 .12019 12020 12021 12022 12023 12024 12025 12026 12027 12028 12029 12030 12031 12032 2033- 2034 12035 12036 12037 Tota

Wet Storne and Transfer ______

RBOF Operations I '54( 1
L-Basin Operations __ _jJjJ192.

Receipt andTreatment Facility ___

Development IT11r T1
Implementation IIIj2009
OperatIons 5.7 5.7 I115 1 A I1.5 I15 1.5I1.5 11.5 I I 11.5 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7 3838
Deconttant & Decormn __j. I J ~ _ 113 I13 22.5

Subtotal 5.71 5.71 11.5 11.51 11.5 11.51 1-1 .5 II 1 I____ 11.51 5.71 5.7 571 571 5.71 571 5.71 5.71 11.31 11.3 624.21

Day StoramE Facilifty
Development IIIIIIT 0o
Implementation I41
Operations 1.0 10 1.6 1.61 161 161 161 16 6 1 0 0 1 O to t c 1

Decontamt & Decomm jI_ 7 0 4
Subtotal 10 1 16 1 6 1 6 16 1 6 10 10 0 1 . 0 10 1 7 0 6

Hot Vacuum Drylng Fac~lHt ____-

Implementation gII I 31.
Operations 0. ______III I25.

Subtetlomm0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 00 0.01 0.0 2.51 2. 61.
Development I IIIIII1~
Operatlons j 0.1 0.1 0,1 0.1 0.1 0.1 0.1 010.1 0.1 0.1 0.1 0.11 0.1 0.1 0.1 0.1 01 8

Subtotal ____ OJI __ - __ 0.11 0.11 0.11 0.1 0.1 1 0.11 0.1 -m 0-0 1 0 0 04 o1 J

Transportation System I- - - . - -

Development t -TT o
Implementation ~~4.0 I 10.

Operations 0.9 0.9 0.9 0.9 0.9 0.9 0.9 09 02 0.2 0.2 0.2 02 0.2 0.2 0.2 91
Decontam &DecormmnI_ 1 ... __.........._ _- -- j

Subtotal 0.0 4. 0.91 0.91 0.9 0.9 0.9 0.9 0 0 0.2 02 2 021 0.21 02 02.020 0 191

Disposal (RepoItory) 1…-
Development 00')5.
Implementation I 0.

jOperations I40 4.0 4.0 4.0 4.0 4.0 4.0 40 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 I40.0
Decontam & Decomm _ -111 -10.01

Subtotal 5.0 0.01 40 401 40 401 -4.0 -40 401 1.0 1.0 1.01 -10 1.0 1 1.0 10 0.0 00 70.0

jSystem Total
~Development 5.0 00 0.0j 0. 0. ~ 00 0.0 0.0~ 0.0 0.00 0 00I00 00 00.0 0. . 00I 0. 0.01 4.

Implementat~~~~on j 0.0 4.01 0.0I 0.0 ~~~~~ 0.01 0.00 0.0 00 00 . .0.0 0.0 00.0 0.0 0.0 00 0 .j 0.'0 0.1 283
~Operations j 6.8 6.8 1811 l8.1 1811 1811 18.1 181 I811 18.1 8.1 8.1 III 8.1 8.1 . .1 81 81 . .! 89.31
D~econtam &Decomm [ 0.0 001 001 0.0 001 001 0.0 0.0 001 0.0 010 0.0 0.0 0.0 0:0 0.01 0.0 0.0j 14.5 145 290

j ~~~~~~~Subtotal L 11.8 10.8j 18.11 18.1 18.1j 1811 18.1 18.1 18.1j 18.11 II1 8.1 8.11 8.11 8.11 8.11 8.11 8.1] 14.5145 1241.51



8A. Press and Dilute (2%ie)

An additional variation of the press and dilute treatment technology considers a process in which
the SNF is further diluted to less than 2% enrichment. The increased facility' requirements for
this option are the same as the first press and dilute option. Based on previous experience, the
transfer facility handling of transportation casks will be the limiting factor for the transfer
operation, and the treatment module in this estimate will be adequate for the additional material.
throughput for increased volume of dilution materials. The significant difference between the
two press and dilute options is in those portions of the estimate which scale on the number of
packages. This includes the canister costs, transportation, and disposal costs. Table C8.4-1
-summarizes overall costs for the Press and Dilute (2%) option, and Table C8.4-2 shows the
distribution of these costs in time.
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Table C8.4-1
Total System Cost ($million) Press and Dilute (1300 Co-Disposal gks-2)

Cost Items DeveloR ment Facility & O Operations D & D Total
A WET STORAGE AND HANDLING 0.0 0.0 346.6 0.0 346.6

- Wet Transfer and Storage 346.6

B TRANSFER AND PACKAGING 0.0 184.6 232.7 18.5 435.8
- Treatment Facility (Recv and Pkg) 169.6 205.4 18.5
- Canisters 15.0 27.3

C TREATMENT 15.0 31.4 180.3 4.0 230.7
- Treatment Facility (Treatment Module) 15.0 31.4 180.3 4.0

D INTERIM STORAGE 0.0 58.5 61.1 2.5 122.1
- Vault Storage 58.5 61.1 . 2.5

E DISPOSAL 30.0 10.0 1 5917. 0.0 199.7
El - Transportation 10.0 29.7
E2 - Repository Fee 30.0

_ E3 - Repository Operations . 130.0
F ADJUSTMENTS 0.0 31.2 25.0 5.0 61.2

- Hot Vacuum Drying Facility 31.2 25.0 5.0

TOTALS 45.0 315.6 1005.5 30.0 1396.1__________________________ 1 450 .,______

Q



Table C8.4-2 Annual Cost Summary -- Time Phase Press & Dilute (2%)

Yer= 996 2 997 11998 1999 2000 12001 12002 12003 12004 12005 12006 12007 12008 12009 12010 12011 12012 12013 12014, 2015 12016 2017

Wet Storaee and Transfer I-
RBOF Operations 1I50 2. 5.01 15.01 15.01 15.qj1 5.01 18.21 8.21 8.21 8.21. 8.21 8.21 I II r
L-Basin Operations Sutta 7.2 72 17 .21211.7 17.21 17.21 7.21 1.0 12.0 .0 1201 1.01 1201 ....

____________________Subtotal 32.2 32.2i 32.21 32.21 .32.21 32.21 32.21 20.21 20.21 20.21 20'.21 20.21 20.21 0.01 0.01 0.01 0.01 0.01 0.0 OO. 0001

Receipt and Treatment Facility, ___

DevelopmentT 2.3 23 '5 .
Implementation I ~ - 72 544 1 57.8
Operations NomnJ2421 24.1 24.1 24.1 24.1 241 11.5 12. S 1. 15 11.5 1 . 5.7j].

&ubto2.3 231 116 5899 83.11 5781 241 2411 2411 2411 2411 2411 11.51 11.5 1141 11 11.51.5 .5 5.1 5.7

Dry Storaae Facility-

Ieloementatin 2.1 15.9 23.8 16.81 3.1I ~ ~
Oprations 3utoa3- 113__ 3 3 .33. 3 3.3 3.3 1.8 1.8 1.8 2.8 1.8 1.8 1.8 12 12

________________ 010. 00 2.159 238 1.8 3.3 33 33 3.31 121 1.8 18 8 l.18 152 1

Ilmplementation 1u.5 __ - - -12__6- - I
Operations III5.0 10.0 10.0 I

D c t rn & Decom m __ _ __ _ __ _ __ _ __ _ __ _ _ _ _ _ _ _ __ _ __ _ ___ _ __ _ _ _ _

_________________________ 0 0.01 00 0.0 00 1.5 8.0 1261 14.1 10.01 10.0 0.0 0.6 0. 0.0 0.0 0.0 00 0.01 0.0 0.01 0.01

Co-Disiposal Canisters 1
Implementation .II I 5.01 50 5.0

Operations I I2.7 2.7 2.7 27 2.7 2.7 1. .1 1 1.1 II 1I 0.2 0.2

Decontanm & DecoummI -L . __ ~. . __1......

Subtotal 0.0 0.01 0.01 0.01 5.01 5.0 5.0 27? 271 271 271 271 271 .1 1.2 Ii .1 ____1 1.1 IJ 0.2 iii0

-Transportation System 1
Development1 1T
Implementation II 2.0 2.0 2.0I
OperationsII

Development (Fee) T T50 0

Implementation IIIIII
OperationsII II
Dec ontans & Decomm-' - _- -1 1 - -__ -_ _ .

Subtotal 0.0 1 0.0 1 0.0 1 0.0 1 0.0 1 0.0 1 0.00 0 0.0 0.01 0.0 0.0 0.0 00 009 0.0 50.U 5.01 5.0 .5

Development 0.0 2.3j 2.3 4.5 4.5 1.51 0.0 0.0 0.0 . 0.0 00 0 00 00 0 01 50 50 0 5.1 5.0
Implementation I 0.0 0.0 0.0 -. 9.1 77.3 113.81 89.7 12.6 9.1 0.0 0.0 0.0 0.0 001 0.0 -0.0 0.01 0.0 0.0 0.0 0.01 0.0
Operations 32.2 3221 32.2 32.2 32.2 32.2~ 32.2 50.3 55.3 60.3 60.3 50.3 50.3 14.4 14.4 14.4 14*.4 14.4 14.4 14.4 7.1 7.1
Decontam & DeconmmJ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 --- 0.0 ---0.0 __0.0 Ott(

Subtotal 32.2 34.5 34.5 45.81 114.0 147.5' 121.9 6~2.9 6. 60.31 60.31 50.3 50.3 24 1444124.4 14.4 ' 4A 194 IU2.4 1. 1 2.1'Ii H2A



Table C8.4-2 Annual Cost Summary -- Time Phase Press & Dilute (2'%)
I Year 12018 12019 12020 12021 2.022 2023 2024 12025 2026 2027 2028 12029 12030 2031 12032 2 033 12034 2035 12036 12037 oa

[ Wet Storage and Transfer _____

L-Basin Operations 9 ___ _______ I r14'2
rReceipt andl Treatment Facuilt

Imiplementation 35 3.5200.9
Opeatins 5.1 571 11.1 1.~' I1.5 1.51 1151 1.5 II111 f 1 5.1.571 5.7 71 .71 .I I71 *1 '385.1'I 85

Ii ~ ~~~~~~Subtotal I 5.7 5...A71 .... SA I 1.S..4.5 I.S...L .... LSI 1 .... 1 1.....A 1 1...... 1 "Its 5.7 5.7J S.7L S.7j 5.7] ___ 7_ 5[7j 5.7j 1l.3J 16j 8:

Dry Sitoae Fadflitv
Development

Omplemeations 32 321 38. 189 t.j 38 189 389 389 I' 2 32 1.2 312 12 1.2 1.2 12 631.
Deconstam & Deconu …… ………… ……{__{ 1.2 12 25

Subtotal 1.2 12 1.81 108 18 1.8 1.81 1.8 1.8 Is9 121 1.21 121 121 1.21 121 121 1.21 121 121 122.11

Hot Vacuum Drying Fadility _ - …

Development 040
Implementation J11 31.2
Decontans & Decomm 'III2.5 25 s ol

Subtotal 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 ____ 0.0 00 00 0.0 -ML 0.0 0.00 i 0.0 2.5 2.51 61.2

Co-Disposal Canisters
Development 0.11
Implementation 0.

Opertion 0.2 0.2 .2 02 0. 0.2 0.2 0.2 0.2 0.21 0 . . 02 02 0 0.2 W 0 0 4.

T__ransoraIon Systm 1
Development 117TT
Implementation j4.0 1 __ - -- 00
Operations 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 0.7 0.7 0.7 . 0.7 0.7 0.7 0.7 29.7
Decontam & Decomm __ _ _ _ _ __ __ _ _ _ __ _ __ _ _ _

_____________ ___Sub _o ____ 0.0 4.0 3.0 3.0 3.0 3. 3.0 3.01 3. 301 0. 0.71 . 7 0.1 0.7 0.71 071 0.7 00o M039

Development (Fee)0 01
Implententation _ _4*.

Operatiobtons____13.0i 13.0 13.0 13.0 13.01 13.0 13.1.0 3 33 333 3 TJ 33:0 600

System Totalj- - - - - - --- - - -

Development j 5.0 oT 0.0 0.0 .00 0.0 00 0.0 0o oo 00 0.0 0.0 0.0 0.0 To 00 0.0 00 -- 45.0
Implementation 0.0 4.0 I 0.0 0.0 0.0 0.0 00 0.0 00 0.0 00 0.0 0.0 0.0 0.0 OQI 0.0 0.0 0. 0 0.0 31S.6
Operations 7.1 7.1 29.l 29.4 29.4 29.4 29.4 29.4 29.4 29.4 liii 3331 1 ll1 11.1 ILI 11j Ill1 III 0.0 Ott 1 1005.5
D)econfam &Decomm 1 10 010 010 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 O.0 0.0 0.0 -000 0 00 15.0 15.0 30.0

Subtotal 121 11.1' 2941 29.4 29M4 29.41 29.4 29.4 29. 29.4 III1 11.1 11. I .=I 11.11 III1 Ill I II -15.0 Std19.



8.5 Melt and Dilute v

In addition to the functions of the dry transfer facility, a melt and dilute module is conceptualized
to perform the functions associated with this technology. The basis for the estimate of this
module is WSRC-TR-95-0180 Life Cycle Cost Estimates for Disposal of Aluminum-Clad HEU
SNF (UJ, scaled up from the value for the melt and dilute option in that study based on higher
throughput. Table C8.5-1 shows the estimated cost for additional equipment for the Melt and
Dilute module.

Table C8.5-1 Additional Equipment for Melt and Dilute Option

Eauiiment Cost (Thousands of 1996 dollars)
Furnaces 1,318

Offgas System 1,070
Misc. Equipment 8,310

Allowances 4,513

Total Melt & Dilute 15,211

Additional building space for this treatment module is 2400 ft2 of hot cell space, costed at $2306
per square foot (1996 dollars), consistent with the transfer facility basis, for an additional
building cost of $5,534,000.

Additional operating and maintenance costs were estimated based on WSRC-TR-95-0180 Lif
Cycle Cost Estimates for Disposal of Aluminum-Clad HEU SNF (U), scaled to twice the value of
the melt and dilute option in that study based on higher throughput. The additional annual costs
for a 15-shift workweek are shown in Table C8.5-2. Costs for other work patterns were scaled
from this value.

Table C8.5-2 Additional Operating and Maintenance Costs for Melt and Dilute Option
Item - Cost (Thousands of 1996 dollars)
Labor - 2,408

Utilities 166
Materials 3,180

Maintenance Contracts 4,232

Incremental additional cost for decontamination and decommissioning of the Melt and Dilute
module is estimated to be $4 million.

These costs are added to those of the transfer facility for the direct disposal options. Table C8.5-
3 presents a summary of the total project costs for the transfer facility with the treatment module
included, including design, construction, operation and decommissioning, including appropriate
funding overheads. Table C8.5-4 summarizes overall costs for this option, and Table C8.5-5
shows the distribution of these costs in time.
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Table C8.5-3 Reciept and Treatment Facility - Melt & Dilute

ll Item @ _ Description Estimated Cost

DEVELOPMENT COSTS

0.0 Development
0.1 Research and Development 10,00
0.2 Process Demonstration 10,00q
0.3 Waste Form Qualification
0.4 Development Contingency (0% of 0.1, 0.2, and 0.3)

SUBTOTAL 0.0 DEVELOPMENT 20,

IMPLEMENTATION COSTSI.

1.0 Construction Costs (Fixed Price Contract)
1.1 Building Structure Costs 41,93
1.2 Building Equipment Costs 45,3Sl
1.3 Construction Indirects (29% of 1.1 and 1.2) 25,31

SUBTOTAL Construction 1.0 112,S9

2.0 Title I and Tide 11 Design (8% of 1.0) 9,00
3.0 Inspection (3% of 1.0) 3,3
4.0 Project Support (See Note 1) (6% of 1.0) 6,751
5.0 Construction Management (14% of 1.0) IS,76.
6.0 SUBTOTAL Engr & Const (1.0, 2.0,3.0,4.0, 5.0) 147,49

7.0 Site G & A (16% of 6.0) 23,600

8.0 Total Estimated Cost (TEC) (6.0,7.0) 171,09

9.0 OPC (Other Project Costs) (See Note 2) (30% of 8.0) S1,32
10.0 Implementation Contingency (0% of8.0 and 9.0)

11.0 Total Projected Cost (8.0, 9.0,10.0) IMPLEMENTATION 222,428

OPERATIONS COSTS 11
5 Shifts Week 10 Shifts I Week 15Shifts/W 21 Shifts Week

12.0 Operations and Maintenance Costs (See Note 3)
12.1 Annual Operation Costs (Labor) 1,26 252| 378 530
12.2 Annual Utility Costs 12 25 382 53
12.3 Annual Material / Consumable Costs 1,43 2861 4302 602
12.4 Annual Maintenance Costs 3,562 7124 10686 149
12.5 Interim Storage Costs
12.6 Operations Contingency (0% df 12.1 through 12.5)

SUBTOTAL 12.0 OPERATIONS (12.1 through 12.6). 6,386 12,772 19,15 26,821

DE CONTAMINATION AND DECOMMISSIONING COSTS

13.0 Decontaminaon andDeommissonin Cost l
13.1 Facility and Equipment D&D 22,53
1 3. Storage D&D e o

SUBTOTAL 13.0 D&D 22,S30

NOTES:
1. Project Support indudes Project Management, Project Control, Estimating and QA
2. Other Project Costs incude NEPA process, developing operating procedures startup and checkout.
3. Annual costs may vary with years depending on operations performed.
4. Percentages shown above are suggested starting point values, and may be adjusted.
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Total System Cost
Table C8.5-4

($million) Melt and Dilute (400 Co-DisDosal Pkas)
Cost Items R&D/ Facili t Operations D & D Total

A WET STORAGE AND HANDLING 0.0 0.0 346.6 0.0 346.6
- Wet Transfer and Storage 346.6

B TRANSFER AND PACKAGING 0.0 184.6 189.4 18.5 392.5
- Treatment Facility (Recv & Pkg) 169.6 181.0 18.5
- Canisters 15.0 8.4

C TREATMENT 20.0 52.9 197.1 4.0 273.9
- Treatment Facility (Treatment Module) 20.0 52.9 197.1 4.0

D INTERIM STORAGE 0.0 41.1 54.4 1.4 96.9
- Vault Storage 41.1 54.4 1.4

E DISPOSAL 30.0 10.0 49.1 0.0 89.1
El - Transportation 10.0 9.1
E2 - Repository Fee 30.0
E3 - Repository Operations * 40.0

F CREDITS 0.0 0.0 0.0 0.0 0.0

TOTALS I ~~~~~~~~~~~~~~~~~5 . 288.6j 836.6[ 24.0 1199.11



Table C8.5-5 Annual Cost Summary -- Time Phase Melt & Dilute

Year 1996 11997 399 I 1999M 2000 2001 2002 12003 2004 12005 12006 12007 12008 2009 2010 2011 2012 2013 2014 205E 03

Wet Siorar and Transfer
RBOF Operations I 5.01 15.01 i5.01 £50 5.01 15.01 15S.01 8.21 8.21 8.21 8.21 8.21 8.21II1L-Basin Operations 7,1 7.1 32 1.2 .1 371 1721 2. 1 2. 120 i2.0 20 20I I I I

Subtotal 32.2 32.2 32.2 32.2 32.21 32.21 32.21 20.21 20.21 20.21 20.21 20.21 20.21 0.01 0.01 0.0 0.0 0.01 0.01 0.0 0.

Receipt and Treatment Facililt - - …………

Development 3.0 3.0 6.0 6.0 2.0 TT
Implementation 7.8 6021 90.3 64.01

Operations I26.8 26.8 26.8 26.8 26.8 26.8 12.8 12.8 12.8 32.8 12.8 32.8 12.8 6.4

Deconfam & Decomm I - Iii. ~ .

Implementation 3.4 11.1 36.7 1181 .II
lOPeratlons 11 2.9 2.9 2.9 219 2.9 2.9 3.6 3.6 1.6 136 1.6 1.6 1.6j 1.1
Deconiams & Decomm jjII1

L ~~~~~~~Subtotal 0.0 0.0 0.u -1.4 13.11 16.7 13.6 . . 9 .F L . 1i, i6 1.6 T16- 36 .61 I.t1 3.0

* Co-Dleoosl Canisters
Development I~5Implementation __ ___ __ __ __ _ __ _ ___ _ __ _ __ __ __ __

Operations 0.8 089 0.8 0.8 0.8 0.8 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
D)econtsm & Decomm - _

Subtotal 0.0 0.0 0.0 O 5.0 5.0 50 08 8 08 08 0 03 031 0 0030 .3__[ Transuortatlon System…
DevelopmentTr iTrr
Operations
Deconlsam & D~eomm I………… .…………

Subtotal 00 .0 0.0 0.0 2.0 2.0 2.0 0.0 0.01 030 03 0.0 030 0.0 O 4l.00 00 0.0 031 0.0 0.0

Development (Fee) I 1 1 **01 S- ~5
jmlmentation I111

~Operations

1Deconlam & DecommSubtotal 0.1 .1 00 .1 0_____ 1 . 0.01 0.01 0.0 0.01 0.01 0.0 50 5.0 5.0

Development. 0.0 03.- 6.0:6o 0 2:.0 0.010.0...0I.±I~~ 1 r ii~~ ~ 00 00 ) 5.0 5.01
Imptemenlatlon 0.0 00! 00. 93 78.4 1340 829 0.0001 .00 0 0 0 01 0 0 0 0 . .
Opma ns32I32 21 322 32.2 32.2 I32.2 32.2 508101S. OI5858 4k 14 4 49'~ ~I 3. .

mmmntm &Decomrm 0.01 001 001 001 . 1 i i 10j,9 0*00 0 0 0 . .
Subtotal 32.2 35.2 35.2 47.5 116.6 148.2 135.1 50.8 50.8 50.8 50.8 50.8 50.8 34.7 14.7 14.7 34.7 19.7 39.7 39.7 3.
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Table C8.5-5 Annual Cost Summary --. Time Phase Melt & Dilute

Year 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 20S 2036 2037 Toa

Wttrajand Transfer
BtOFOetions ai n lI I I I II ~ l

L.. 3mm Operations I I III I i I 192.4Subtotal 0.0 0. 0.0 00 00 00 0.00.0 00 0.0 0.01 0.01 0.0 0.01 0. 00 0.01 0.0 0.01 0.0 0. 346.6
Receipt and Treatment Facility - -

Implementation 224
Operations 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6.4 6 A 6 4 6 4 6 4 6 43
D)econtam &Decomm - -1. 13 2.

Subtotal 6.f. 4 6 4 6 6 4 4 6 4 6 4 6 4 64 4 6 413 1. 4

DrU Storaffe FacHliY __

Development II IIT o
Ompler eationsI116 6 1 16 6' 6 16 O 10 1' 1 10 10 0 10 07 7 14
mplemenations 10 I 161 1 4

Decontam & Decommn_ _ _ ___ __ ________

Subtotal 1 0 306 * 6 1 6 6 1 6 1 0 1 0 1 0 1 0 7 0 6

Development I…… ~

Opeatins I .1 0.1 I [ .1 r.1 0.1 01 .1 01 .1 01 .111 0. 0I 1 I. 0 .]ODertont s 0.&.1 01 . .1 01c.o.1 01m.m01 0 01 0. I. 0.I01I. I 84
Subtotal 1 j.0.1 .1 011 o41 oij! o[!0.1 . 0.11 011 0.1j otjoi[@iJ .1 .1 .1 01 00 0

Tra sprtation S stem __

Development I i T1
Implementation 4.0j jjI10
Operations I0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.2 0.2 0.2 0.2 02 2 02 291
Decontam & Decommj___I- - - 0

Subtotal 0. 0 4.0 0.9 091 0.9 0 9 0 9 0 . . . ~ 2 02 0 2 0 0 1

DIsposa (Repository) ___

Development (Fee) 5.0 SO ITI I 30.0
Implementation I fI 1 ''
Operations I 4.0 4.0 401 401 4.0 40 4.0 40 1.0 1.0 1.0 10 10 10 1.0 10 I J 40.0Deotm&Decomm __ .... i__IIII I __- - - -001

Subtotal 5.0 5.0 0.0 4.0 4.0 4.0 4.01 40 4.0 4.0 4.0 1.0 1.0 lii Ii l0 1.0 1.0 1.0 00 0.0 700

CSyste m T ot l_ _ _ __ _ _ _ _ __ _ _ _ _ _ - - 9 - F- TIDevelopment
Implementation
Operations

lf~n~lA frmn-.n I

5.0 5.0 0.0 0.0I 0.0 I 0.01 0.01 0.0I 0.0I 0.0 0.0I 0.018.I 0.0 1 0.0j .0 0.0 I 0.0I 0.0 D5l ui 1 .i0l
0.0 0.01 4.0 0.01 0.01 0.01 100 0.01 0.01 0.0 0.01 0.0 .0 0 .0 o0o o'o 0.01 0.01 t.0 0.01 0.0 288.61
7.5 7.51 7.5 10.0w 13.01 13.0 I 13.0w 13.0 I 13.0 I 13.0 13.0~ 8.7~ 807~ 6.:7 8.:7~ 8.71 8.71 8.71 8.7 0.0 I 0.0 836.6

0.0 0.01 ~0.0 0 .0 0.01 0.01 0.0 01 0 0.0 0. 0.00.J 0.0 0.0 0.1 0.0] 0.01 0.0] 0.0 12.01 12.0 24.01
UPt I it sI - liii fl a Ila Ila Ila Itin tiS I ito 2 7 R 37 7 3-7 3 7 ail 5 7 37 tin 12.O1 1199.11I .q"ht.t.1 11I. - .... .-. -.* �.. �.. -..



8.6 Plasma Arc

In addition to the functions of the dry transfer facility, a plasma arc module is conceptualized to
perform the functions associated with this technology. The plasma arc concept cost was
developed based on a 1000 ft2 hot cell for each unit operation (feed prep, two plasma arc
furnaces, and canister decontamination).

Equipment lists were developed based on hot cell requirements from EGG-WM-10670 Waste
Management Facilities Cost Information for Spent Nuclear Fuel (March 1993). Plasma arc
furnace costs were provided by PNNL. -Support equipment costs (canister decontamination)
were based on DWPF experience. Table C8.6-1 shows the estimated cost for additional
equipment for the Plasma Arc module.

Table C8.6-1 Additional Equipment for Plasma Arc Option

EauiDment - Cost (Thousands of 1996 dollars)

Bulk Feed Prep
Equipment 1,416
Allowances 758
Subtotal Bulk Feed Prep 2,174

Fuel Prep Cell

Equipment 4,290
Allowances 1,943
Subtotal Fuel Prep 6,233

Plasma Arc Cell
Plasma Arc Systems 20,203
Canister Handling 8,938
Misc. Equipment 20,745
Allowances 14,844
Subtotal Plasma Arc Cell 64,730

Total Plasma Arc Module 73,137

Additional building space for this plasma arc treatment module is 4000 ft2 of hot cell space,
costed at $2306 per square foot (1996 dollars), and 4000 ft2 of makeup and gallery space, costed
at $461 per square foot (1996 dollars), consistent with the transfer facility basis, for an additional
building cost of $11,068,000.
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Additional operating and maintenance costs were estimated based on WSRC-TR-95-0180 Lo
Cycle Cost Estimates for Disposal of Aluminum-Clad HEU SNF (U), scaled to twice the value of
.the melt and dilute option in that study based on higher throughput. The additional annual costs
for a 15-shift workweek are shown in Table .C8.3-2. Costs for other work patterns were scaled
from this value.

Table C8.6-2 Additional Operating and Maintenance Costs for Plasma Arc Option

Item Cost (Thousands of 1996 dollars)
Labor 2,408

Utilities 166

Materials 3,180 -

Maintenance Contracts 4,232

Incremental additional cost for decontamination and decommissioning of the Plasma Arc module
is estimated to be $4 million.

These costs are added to those of the transfer facility for the direct disposal options. Table C8.6-
3 presents a summary of the total project costs for the transfer facility with the treatment module
included, including design, construction, operation and decommissioning, including appropriate
funding overheads. Table C8.6-4 summarizes overall costs for this option, and Table C8.6-5
shows the distribution of these costs in time.
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Table C8.6-3 Storage Facility Estimate - Plasma Arc

I It Description Estimated Cost

DEVELOPMENT COSTS I

0.0 Development
R0.1 esearch and Development 20,000

0.2 Process Demonstration 30,00
0.3 Waste Form Qualification
0.4 Development Contingency (0% of 0.1, 0.2,'and 0.3)

SUBTOTAL 0.0 DEVELOPMENT 50,

IMPLEMENTATION COSTS

1.0 Construction Costs (Fixed Price Contract)
1.1 Building Structure Costs 47,467
1.2 Building Equipment Costs 103,27S
13 Construction Indirects (29% of 1.1 and 1.2) 43,71

SUBTOTAL Construction 1.0 194,40

2.0 Title I and Tide H Design (8% of 1.0) 15,557
3.0 Inspection (3% of 1.0) 5,834
4.0 Project Support (See Note 1) (6% of 1.0) 11,667
5.0 Construction Management (14% of 1.0) 27,2
6.0 SUBTOTAL Engr & Const (1.0, 2.0,3.0,4.0,5.0) 254,73

7.0 Site G & A (16% of 6.0) 40,75

8.0 Total Estimated Cost (TEC) (6.0,7.0) 295,49

9.0 OPC (Other Project Costs) (See Note 2) (30% of 8.0) 88,649
10.0 ImplementatIon Contingency (0% of 8.0 and 9.0)

11.0 Total Projected Cost (8.0, 9.0, 10.0) IMPLEMENTATION 384,145

- . -- -------- .

OFER1ATIONS COSTS
5 ShiftsWeek 10 Shifts Week 1S Shifts Week 21 Shifts Week

12.0 Operations and Maintenance Costs (See Note 3) 7
12.1 Annual Operation Costs (Labor) 1,263 2S25 378 5303
12.2 AnnualdUlity Costs 127 25 382 353
12.3 Annual Material I Consumable Costs 1,34 286 4302 6022
12A Annual Maintenance Costs . 3,562 712 1068 14960
12.5 Interim Storage Costs
12.6 Operations Contingency (0% of 12.1 through 12.5)

SUBTOTAL 12.0 OPERATIONS (12.1 through 12.6). 6,386 12,772 19,1 26,821

DECONTAMINATION AND DECOMMISSIONING COSTS

13.0 Decontamination and DecommissionIng Costs
13.1 Facility and Equipment DhD 22,530
13.2 Storage D&D

SUBTOTAL 13.0 D&D 22,530

NOTES:
1. Project Support Includes Project Management, Project Control, Estimating and QA
2. Other Project Costs Include NEPA process, developing operating procedures, startup and diedwouL
3. Annual costs may vary with years depending on operations pesformed
4. Percentages shown above are suggested starting point values, and may be adjusted.
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Table C8.6-4
Task Team Cost Model ($ illion) Plasma Arc (40 Co-Disposal Pkgs)

Cost Items R&D / FacilitY & TotalDevelopment Eauipment O D &
A WET STORAGE AND HANDLING 0.0 0.0 456.4 0.0 456.4

- Wet Transfer and Storage 456.4

B TRANSFER AND PACKAGING 0.0 184.6 177.3 18.5 380.4
- Treatment Facility (Recv and Pkg) 169.6 169.4 18.5
- Canisters 15.0 8.0

C TREATMENT 50.0 214.6 184.4 4.0 453.0
- Treatment Facility (Treatment Module) 50.0 214.6 184.4 4.0

D INTERIM STORAGE 0.0 41.1 50.8 1.4 93.3
- Vault Storage 41.1 50.8 1.4

E DISPOSAL 30.0 10.0 49.1 0.0 89.1
El Transportation 10.0 9.1
E2 - Repository Fee 30.0
E3 - Repository Operations 40.0

F CREDITS 0.0 0.0 0.0 0.0 0.0

[ jTOTALS I 80.0 450.3 918.1 24.0 1472.3]



Table C8.6-5 Annual Cost Summary - Time Phase Plasma Arc

I Year 1996 3 997 3 993 I1999 I.203001 2001 2002 12003 12004 12005 12006 12007 2006 2009 2010 2011 12012 20133 2014 12015 2016 2037D

Wet Stoarst and Transfer
~RROFOperations 150 3. 5.01 35.0 50. .0 S-01 15.001 15.01 8.21 3.21 8 .21 . 8.21 12 8.21 S. 8.2 I II I I~~~~~" 72 72 72 22 2 L LO L LO I 12. 2 I I i[,Wusi Operations I 72 1. 7.21 172 72 1. 72 27.2.21 I20 I20 32. 320 2. 1. 18210

Subtotal 322 3. 32.21 32.21 32.2 32.21 32.21 37.21 32.21 20.21 20.21 20.21 20.2 20.2 20.2 20.21 20.2 0.01 0.01 0.01 0. 00

__Recel t and Treatment Facililty __ …………………………

Development 5.0 5.0 5.0 I0. 35.0 5. 5.Tr1
Imuplementation I 7.2 20.3 73.4 157.7 110.6II
Operallons III 26.3 26.8 26.8. 26.3 26.3 26.8 26.6 12.8 12.3 1I3L.I6.

~~~~~~~Subtotal 0.0 5.0 5.0 5.0 10.0 32.2 25.3 93A. 157.71 110.6 26.3 26.8 26.3 26.8 26.8 268 26.8 12.3 12.8 323 .3 6.

Dry Storag Facility
Development T TIT111
Implementation 3.6 2.2 8.4 36.9 13.

Operations I I I 2.91 2. 291 291 291 291 291 3.61 161 161 3.0 .
Dlecontam & Decomm j 8 9.4j0

Co.Dlsposai Canisters __ - -.- - -

Development __

I~mplementation I5.0 5.0 so II___
Ipecatomtm ecm 0 _ 039 0.31 0.3 0.31 068 03 0.21 0.4 04 04 0.0 .

Subtotal 0.0 0.1 0.0 00 . 0 01 5.01 5.0 -LO Ob8 0.3 0.31 0.31 089 0.31 03 041 04 04 0.01 .

* Transportation System- ………-

DevelopmentTTI
Implemtentation -f1 2.0 2.0 2.0 I

Dlecontamt & Decomm - J - -J~…

_______________Subtotal __ 0.0 0.0 0.0 0. 0 0.0 20 0.0 201 00 0 .0 0.01 0.01 0.0 050 5431 5.00 00 _____.

Development 005(0F0e50e)5 0 0 00 0 0 00 0 00I 0 .0 5.0 5.0 5.0~ 5.0
Implementation 0 0 0 0 0 9 25 3 36 24 0 0 0 0 0 01 0 . . . .1 0
Operations3223. 32 22 32 322 321 3. 322 20 50 50 50 0j5. 508 503 4. 343 48 1

ImpementatiDeon 00 0.0 0.0 0.0 0.0 09.0 22 0. 03.0 18.6 009 010 0.0 0.0 0.0 0.0 0.0 '0.0 0.0 0.0 4331 0.0 0.0
OpSubtoons 32.2 37 37.2 32.2 42.2 66.2 59.2 336.0 323.3 3496 50.2 5038 5038 50.3 50.3 30.3 50.8 149. 39.8 19.8 32.5 72.5

Q.
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Table C8.6-5 Annual Cost Summary -- Time Phase Plasma Arc

(

2011 2019 1 2020 1 2021 2022 20273 1 2024 2925 2026 2027 2028 2e29 2030 2031 2032 2033 2034 2035 2036 2037 Toal

00 0.01 0.01 0.01 0.01 0.01 0.0 0.0 0. 0.01 0.01 0.0 0.0 0.0 0.0 0. 0.01 0.01 0.01 0.1 4564

_ _ _ l _--~~~~~~~~~~ 11.3- 11. 22_ -50
6.4 6.4 6.4 6.4 64 64 6.4 6.4 64| 6-4 6.4 6.4 6.4 6.4 6.4 64 6.4 6.4 . 353.
6A 6.4 6.4 664 6.4 6A 6A 6A4 64 6. 6 64 64 64 113 11.3 830

1 T 10.01*
1.0 1.0 1.6 1.6 1.6 1. 1,6 1.6 36 6. . . . I I ' 1 ' 3 °0 30 1.0 508

301.0 1-61 16 1.6 16 61. 6 16 1i 1 .6 ,1.0 1. 10 0 0 07 01 93

I I _ I _ I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.

0.0 000 0.0 0.0 00 0 0.0 0.0 000 - 0.01L]- 0000 0 .0 1 0 .0o -- On:T 0 .0 oo 230

4.0111 [f T
0.9 0.9 0.9 019 0.9 0.9 0.9 019 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 J 9.1

004009 09 09 09g 0.9 091 -09 -091 00.2 .2 0O.2 0.-2F -0.2 02al 0.2 0.0 0. 9l

I o 40 o .0 00 00 00 o 00 00 00 00l oo 0° 0° 0e 0 0 b 0 0 000 00 0 0
0.0 4.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0O0 0.0 0.0 0.0 0.0 0.0 00 4503
7-5 7.5 13.0 13.0 130 330 130 330 30 3.0 8.7 8.7 8.7 8.7 8.7 87 8.7 8 .71 0e0 0 913.1
0.0 0.0 .00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 010 0.0 0.0 010 001 0.0 0.0 320 12 24A2.5 13.5 130 13.01 30 130 1301 -13.0 13o0 330 8 871 8.7o3o7 871 87 o871 o87 oo17 12.01 12.0 147



8.7 GMODS

In addition to the functions of the dry transfer facility, a GMODS module is conceptualized to
perform the functions associated with this technology. The GMODS concept cost was developed
based on a 1000 ft2 hot cell for each unit operation (feed prep, two melters, and canister
decontamination).

Equipment lists were developed based on hot cell requirements from EGG-WM-10670 Waste
Management Facilities Cost Information for Spent Nuclear Fuel (March 1993). Specialized
GMODS equipment costs were provided by ORNL. Support equipment costs (canister
decontamination) were based on DWPF experience. Table C8.7-1 shows the estimated cost for
additional equipment for the GMODS module.

Table C8.7-1 Additional Equipment for GMODS Option

Eauipment Cost (Thousands of 1996 dollars)

Bulk Feed Prep
Equipment 1,889
Allowances 944
Subtotal Bulk Feed Prep 2,833

Fuel Prep Cell
Equipment 3,923
Allowances 2,310
Subtotal Fuel Prep 6,233

Melter Cell
Melters 10,376
Canister Handling 5,600
Misc. Equipment 18,172
Allowances 12,034
Subtotal Melter Cell 46,182

Total GMODS Module 55,248

Additional building space for this GMODS treatment module is 4000 ft2 of hot cell space, costed
at $2306 per square foot (1996 dollars), and 4,000 ft2 of makeup and gallery space, costed at
$461 per square foot (1996 dollars), consistent with the transfer facility basis, for an additional
building cost of $11,068,000.
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Additional operating and maintenance costs were estimated based on WSRC-TR-95-0 180 Lik
Cycle Cost Estimates for Disposal of Aluminum-Clad HEU SNF (U), scaled to twice the value of
the dissolve, dilute and vitrify option in that study based on higher throughput. The additional
annual costs for a 15-shift workweek are shown in Table C8.7-2. Costs for other work patterns
were scaled from this value.

Table C8.7-2 Additional Operating and Maintenance Costs for GMODS Option

Item Cost (Thousands of 1996 dollars)
Labor 2,408

Utilities 166

Materials 3,180

Maintenance Contracts 4,232

Incremental additional cost for decontamination and decommissioning of the GMODS module is
estimated to be $4 million.

These costs are added to those of the transfer facility for the direct disposal options. Table C8.7-
3 presents a summary of the total project costs for the transfer facility with the treatment module
included, including design, construction, operation and decommissioning, including appropriate
funding overheads. Table C8.7-4 summarizes overall costs for this option, and Table C8.7-5
shows the distribution of these costs in time.
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Table C8.7-3 Storage Facility Estimate - GMODs

11 them I Descripdon Estimated Cost

DEVELOPMENT COSTS

0.0 Development
0.1 Research and Development 25,001
0.2 Process Demonstration25,001
0.3 Waste Form Qualification
OA Development Contingency (0% of 0.1, 0.2, fnd 03)-

SUBTOTAL 0.0 DEVELOPMENT 500W

IMPLEMENTATION COSTS

1.0 Construction Costs (Fixed Price Contract)
1.1 Building Structure Costs 47,467
1.2 Building Equipment Costs 85,38
1.3 Construction Indirects (29% of 1.1 and 1.2) 38,527

SUBTOTAL Construction 1.0 171,38C

2.0 Tite I and Title II Design (8% of 1.0) 13,71
3.0 Inspection (3% of 1.0) 5,141
4.0 Project Support (See Note 1) (6% of 1.0) 10,28
5.0 Construction Management (14% of 1.0) 23,99
6.0 SUBTOTAL Engr & Const (1.0, 2.0,3.0,4.0, 5.0) 224,5

7.0 Site G & A (16% of 6.0) 35,921

8.0 Total Estimated Cost (TEC) (6.0,7.0) 260,42

9.0 OPC (Other Project Costs) (See Note 2) (30% of 8.0) 78,12
100 Implementation Contingency (0% of 8.0 and 9.0)

11.0 Total Projected Cost (8.0, 9.0, 10.0) IMPLEMENTATION 338,55

OPERATIONS COSTS 11
SShifts I Week L10 Shifts Week 15 Shifts Week 21 Shifts /Week

12.0 Operations and Maintenance Costs (See Note 3)
12.1 Annual Operation Costs (Labor) 1,263 252S 378 5303
12.2 Annual Utiliy Costs 12 25| 38 535
12.3 Annual Material f Consumable Costs 1,434 286| 430 6022
12A Annual Maintenanee Costs 3,56 712 1068 14960
125 Interim Storage Costs
12.6 Operations Contingency (0% of 121 through 12.5)

SUBTOTAL 12.0 OPERATIONS (12.1 through 12.6). 6,38 12,77 19,15 26,821

DECONTAMINATION AND DECOMMISSIONING COSTS-

13.0 Decontamination and Decommissoning Costs
13.1 FacilIty and Equipment D&D 22,530
13.2 Storage D&D I

SUBTOTAL 13.0 D&D

NOTES:
1. Project Support includes Project Management, Project Control, Estimating and QA
2. Other Project Costs include NEPA process, developing operating procedures, startup and checkout
*3. Annuai costs nmay vary with years depending on operations performed.
4. Percentages shown above ar suggested starting pont values, and may he adjusted
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Table C8.7-4
Total System Cost ($million) QMODS (800 Co-Disposal Pkgs)
Cost Items . Development qupmltn Operations D & D Total

A WET STORAGE AND HANDLING 0.0 0.0 456.4 0.0 456.4
- Wet Transfer and Storage 456.4

B TRANSFER AND PACKAGING 0.0 184.6 185.3 18.5 388.4
- Treatment Facility (Recv and Pkg) 169.6 169.4 18.5
- Canisters 15.0.. 16.0

C TREATMENT 50.0 169.0 184.4 4.0 407.4
- Treatment Facility (Treatment Module) 50.0 169.0 184.4 4.0

D INTERIM STORAGE 0.0 49.9 53.9 . 2.0 105.7
- Vault Storage 49.9 53.9 2.0

E DISPOSAL 30.0 10.0 98.3 0.0 138;3
El - Transportation 10.0 18.3
E2 - Repository Fee 30.0
E3 - Repository Operations 80.0
F CREDITS 0.0 0.0 0.0 0.0 0.0

~ TOTALS 80.0 413.4 978.3j 24.51 1496.2



Table C8.7-5 Annual Cost Summary - Time Phase GMODS

I Year 11996 3 997 199 I 3 999 12000 20011 2002 12003 12004 200 206 20 2008 2009 2010 2011 2012 12013 2014 2015 2016 207]

-we( Storaee and Transfer
RBOF Operations 15.01 15.0 1 5.w 1.j 1. 15.015is0I .0 0I 1.0 .21 6.21 I S2 8.21 8.21 8.21 8.2 8.21.I
L-Basin Operations 11 17.21 17.21 17. 17.2 1.2 172 22 721.01 12.01 12.01 32.1 12.0 12.0 2.0 L2.

Subtotal 32.21 32.21 32.21 32.21 32.21 32.21 32.2 .37.21 32.21 20.2 20.21 20.2 20.21 20.21 20.21 20.21 20.21 0 0 0 0.01 0.01 OL
Receigt and Treatment Facility ___ so o u lo 15 5. 50T1fImpDevementation 15.1 17.9 .69.3 139.0 97.5

Operatiotia I 68 2. 68 268 2. 68 2. 2.J28 3. . .

DecntiementatDeomm 2 263220514I1__Subtotal S.01 ~ ~ 1 1 31 3 17 17 I a
DrZ Storage Facility _ .1_Development 3

ImplemSbtoaln000t0i0n00 22 2.6 10.2 20.5144A3 _ . 1 7 I .
D)econtam & Decomm__ _ __ _ __ ___ _ __ ___ _I__ _ __ _ _ _ _ _ _ _ _ _ _

Co-D ispiCanisters

~Development11Impleentaton 5I 1 0 5.01 717-
Operations 1.7 1.7 1.7 1~~j j .7 1.71 1 1.7 0.8 0.8 oH 0.1 .Deolm& Decomm i__~i 34I

Subtotal 0.0 00 0 0 00000- 0 0.0 5.0 5.0 5.0 I17 71 1.1 1.71 3.1 .7 .7 0.8 0.81 0.8 031 0.

Trananortatlon System __

Development TT
Implementation II2.0 2.0 2.0
OperationsI1 1_ _

Decontarn & Decommj - -- _ _ __ ______

Subtotal 0.0 0.0 0.0 l 00 0 00 Lu1 2.0 2L0 0.01 0. 0.0[ 0-.0 -0.0 0.0 Ott 0 00 0.0 0.01 0.
Disposal (Repository) 1 _ _ _ . ,

DeveloSubttalt00(5.0e)0 0 300 ISO .0 - ____5.0

ImplementaTotan

Implementation Sb ot 1 0.0 OO 0.0 0.01 00 0 34 0.5 863 AL6. 3. 0.0 0 0.0 0.01 0.0 0 00 0.01 0 .01 0. .01 . 500 00

Development s0T .0 0.1 0.0 001 00 0.0 0.0 01 50 50 50 .

Dlecontam &Decommj 0.0 0.0 0.0 0.1 00 0. 0 0. 0 0.0 0. 0 0 0 0__ 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0aSubtotal 32.2 37.2 3721 37.2 42.2 64.6 57.7 128.51 198171 1390 51-3 18 53 I8 T 3. 03 23 203 *26 3.

K Q
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Table C8.7-5 Annual Cost Summary -- Time Phase GMODS

Year 2013 2019 2020 1202-1 1 222 2023 12024 12025 2026 12027 2028 12029 2030 12031 2032 2033 23 205 2036 1:2037 Tta

Wet Storage and Transfer

RBOF Operations
L.Bain Operation.

Subtotal 0.0 0.0 0.0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 456.4

| Dry Storage Fdcli1 |
P 

P P
Deveopment i Q I
Implementation S a 

49 9
Ope itns .11 .11 171 171 171 171 171 171 171 171 11 11 1 .I ul~ 11 1.1 11| Ll 5J@9

'~nam & Decomni 1.2. . .
Subtotal_1.7 1.71 1: 17 11 71 , 17 17 __11 11 I 1 1 10 Lt 10571

Co-Disposa Canisters-
Development _ 1 1 T T t T 1 1 00°

Implementation I___ 1 150_
Operations 0.1 0 031 01 0°1 01 01 01 01 01 0.1 0°J 01 01 03. 01 0l 0.1 I 160
Decontam & Decomm _ _ o1 1 1 L... 0Subtotal 0.' 0.1 0. 1 0. 1 0' 03 0 0. 0 1 0101~I o 01I 01 Ol1 0.t 0.1 0.3 0.0 0.0 3130

Transporation System
Development 1 I I I I 1 1 1 001

Implementation 4.0 I | 10 0
Operations 13 1. 1S 1S 18S 1 8 lS 8 1.8 0.5 0.5 0.5 0.5 0O5 0.5 0.5 05 8I3
Decontam & Decomm |__ _ _ _ {| o.d

Subtotal 0.0 4.0 18j 158 1 Is II3.s .8il 1.1 II 05! 051 05 051 0.51 05 051 0.5 0 0.0o 0.o 283

Disosale sitor…
Development (Fee) 5.0 1 1 1 1 1 1 (0111
Implementation | I i i
Operations 8 0 8 0 8.0o 8. 0 8s 0 8s 0 8s 0 2.0 2.0 2D0 20 20 20 20 20 1 1oo
Deconbam & Decomm | _ 1 1 1 4 Qli

Subtotal 5.0 0D0 80 80 8 8.0 s8l t 80 0 2.01 2.0 2.0 20 20 2.0 20 20 O.l 0 1101

System Total
Development 0 0 . . . . . 0.0 0.0 ~ 0. 0.0 0.0 0.0 ~ 0.0 0.0 I 0.-0 0.0 00 .I 8.1
lmplementation .OD| 401 °°l ' °°l °°l °°l Q6| OD| °° °°l °°l 00 0. .0 0.0 0.0 0.0 . 0.0 0.0 0.0 0. o.0 0.0 413.4

Operations 7.61 761 101D 18.0 18.0 38.0 38.0 18.0 I 18.0 18.0 10.0 10.0o 10.0 10.0o . 0.0 10.0w 10.0 30.0 0.0 0.0 978.3
fDecontam & Decomm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0 0l.0 00 0.0 32.2 12.2 24.5

Subtotal 118.0 18 18.0 ISA0 18.0 13.0 38.0 30.0 0.01 10. 10.01 10. 0.0 30.0 . 0. 0 __ 2.2 12.2 1496.2



8.8 Dissolve and Vitrify

In addition to the functions of the dry transfer facility, a dissolve and vitrify module is
conceptualized to perform the functions associated with this technology. The dissolve, dilute and
vitrify concept cost was developed based on a 5400 ft2 hot cell for the dissolution process, and a
2400 ft2 hot cell for the melter. In addition, 7000. ft2 of process space was added for the gallery
and chemical makeup area (3000 sq. ft. and 4000 sq. ft. respectively). Equipment lists were
developed based on hot cell requirements from EGG-WM-10670 Waste Management Facilities
-Cost Information for Spent Nuclear Fuel (March 1993). A DWPF melter and associated
equipment was added to the equipment estimate for the dissolve and dilute option in WSRC-TR-
95-0180. Support equipment costs (canister decontamination) were based on DWPF experience.
Table C8.8-1 shows the estimated cost for additional equipment for the GMODS module.

Table C8.8-1 Additional Equipment for Dissolve and Vitrify Option
Eauipment Cost (Thousands of 1996 dollars)
Fuel Prep Cell
Equipment 3,923
Allowances 2,310
Subtotal Fuel Prep 6,233

Dissolution Cell
Tankage 3,140
Crane 1,515
Misc. Equipment 3,454
Allowances 12,002
Subtotal Dissolution Cell 20,112

Makeup Area
Equipment 710
Allowances .237
Subtotal Makeup Area 948

Vitrification Cell
Melter 31,568
Canister Handling 5,600
Misc. Equipment 12,573
Allowances 21,785
Subtotal Vitrification Cell 71,525

Total Dissolve and Vitrify Module 98,818
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Additional building space for this Dissolve and Vitrify treatment module is a total of 7800 ft2 of
hot cell space, costed at $2306 per square foot (1996 dollars), and 7,000 ft2 of makeup and
gallery space, costed at $461 per square foot (1996 dollars), consistent with the transfer facility
basis, for an additional building cost of $21,213,000.

Additional operating and maintenance costs were estimated based on WSRC-TR-95-0180 Lif
Cycle Cost Estimates for Disposal of Aluminum-Clad HEU SNF (Ul, scaled to twice the value of
the dissolve, dilute and vitrify option in that study based on higher throughput. The additional
annual costs for a 15-shift workweek are shown in Table C8.8-2. Costs for other work patterns
were scaled from this value.

Table C8.8-2 Additional Operating and Maintenance Costs for Dissolve and Vitrify Option

Item Cost (Thousands of 1996 dollars)
Labor 7,280.
Utilities 360

Materials 258
Maintenance Contracts 13,094

Incremental additional cost for decontamination and decommissioning of the GMODS module is
estimated to be $4 million.

These costs are added to those of the transfer facility for the direct disposal options. Table C8.8-
3 presents a summary of the total project costs for the transfer facility with the treatment module
included, including design, construction, operation and decommissioning, including appropriate
funding overheads. Table C8.84 summarizes overall costs for this option, and Table C8.8-5
shows the distribution of these costs in time.
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Table C8.8-3 Reciept and Treatment Facility - Disolve and Vitrify

Item Description Estimated Cost

DEVELOPMENT COSTS

0.0 Development
0.1 Research and Development 10,00t
0.2 Process Demonstration 10,00(
0.3 Waste Form Qualification
0.4 Development Contingency (0% of 0.1, 0.2; and 03)

SUBTOTAL 0.0 DEVELOPMENT 20,0

IMPLEMENTATION COSTS

1.0 Construction Costs (Fixed Price Contract)
1.1 Building Structure Costs 57,612
1.2 Building Equipment Costs 128,95
13 Construction Indirects (29% of 1.1 and 1.2) 54,105

SUBTOTAL Construction 1.0 240,673

2.0 Titie I and TitlelI Design (% of 1.0) 1929
3.0 Inspection (3% of 1.0) 722
4.0 Project Support (See Note 1) (6% of 1.0) 14,440
5.0 Construction Management (14% of 1.0) 33,69
6.0 SUBTOTAL Engr & Const (1.0, 2.0,3.0,4.0, 5.0) 315,281

7.0 Site G & A (16% of 6.0) 50,44!

8.0 Total Estimated Cost (MEC) (6.0,7.0) 365,72

9.0 OPC (Other Project Costs) (See Note 2) (30% of 8.0) 109,71
10.0 Implementation Contingency (0% of 8.0 and 9.0)

11.0 Total Projected Cost (8.0, 9.0,10.0) IMPLEMENTATION 47S,

r __
OPERATIONS COSTS

S Shifts JWeek 10 Shifts I Week 15 Shifts / Week 21 Shifts I Week
12.0 Operations and Maintenance Costs (See Note 3)

12.1 Annual Operation Costs (Labor) 2,8g 577 8660 12124
.12.2 Annuai Utilty Csts - 192 384 S77 807
123 Annual Material I Consumable Costs 460 92 1380 1932
12.4 Annual Maintenance Costs 6-,51 13032 19548 27367
125 Interim Storage Costs
12.6 Operations Contingency (0% of 12.1 through 12.5)

SUBTOTAL 12.0 OPERATIONS (12.1 through 12 6). 10,055 20,1 30,1 42.229

DECONTAMINATION AND DECOMMISSIONING COSTS

13.0 Decontamination nW Detommissboning Costs
131 Fatility and Equipment D&D 22,530
13.2 Storage D&D

SUBTOTAL 13.0 D&D 22,530

NOTES:
1. Project Support includes Project Management, Project Control, Estimating and QA
2. Other Project Costs Include NEPA process, developing operating procedures, startup and checkout.
3. Annual costs may vary with years depending on operations performed.
4. Percentages shown above are suggested starting point values, and may be adjusted.
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Table C8.8-4
Total System Cost ($million) Dissolve and Vitrify (800 Co-Disposal Pkgs)

[ tSTORAGEAND NCostItems ( Development Euilpmenty Operations D & D Total
A WET STORAGE AND HANDLING 0.0 0.0 456.4 0.0 456.4

- Wet Transfer and Storage 456.4

a TRANSFER AND PACKAGING 0.0 184.6 185.3 18.5 388.4
- Treatment Facility (Reev and Pkg) 169.6 169.4 18.5
- Canisters 15.0 16.0

C TREATMENT 20.0 305.9 387.7 4.0 717.5
- Treatment Facility (Treatment Module) 20.0 305.9 387.7 4.0

D INTERIM STORAGE 0.0 49.9 53.9 2.0 105.7
- Vault Storage 49.9 53.9 2.0

E DISPOSAL 30.0 10.0 98.3 0.0 138.3
El - Transportation 10.0 18.3
E2 - Repository Fee 30.0

_ E3 - Repository Operations _ 80.0
F CREDITS 0.0 0.0 0.0 0.0 0.

[TOTALS 11 so.o0 550.31 1181.6| 24.5 1806.4j



Table C8.8-5 Annual Cost Summary -- Time Phase D&V

I Year 1996 1997 1998 1 999 1 2000 2001 1 2002 1 2003 1 2004 1 2005 2006 ! 2007 2003 1 2009 1 2010 1 2011 | 2012 1 2013 1 2014 2015 1 2016 1 2017

Wet StorNW and r er
RBOF Operatdons 1 15.01 15.01 1501 15.01 15.01 .15.0 8.2182 18.2 1.210 .21 S.2 1 8.2 8.21 I I I

Operati7.ons.21 17.2 17.2 17.21 17.2I 17. 2.2 17.21 1.0 1.01 1.0 1.0 2.01 1.0 2.0 12.0Subtotal 3 32.2 32.2 32.2 32.2 32.2 37.2 32.2 20.2 20.2 20.21 20.21 20.2 20.2 20.2 20.2 0.0 0.0 0.0 0.01 0.

| Reelpt ad Treatment Facility
Development 2.0 2.0 2.0 4.0 6.01 20 20 I _ _
Implementation 21.3 25.1 

9 7 0 | 195.2 136.9 I
Operai .. 1 42.2 42.2 42.2 42.2J 42.2 42.2J 42.2 20.1 20.1 20.1 10.1 10.1
Deeenbam & Decoymm

Subtotal 0.0 2.0 2.0 2.0 4.0 273 27.1 90. 195.2 136.9 42.2 42.2 42.2 42.21 42.2 42.2 42.2 20.1 20.1 20.1 10.1 1.

j Storae Fadlity
Development 2 4_11
Implementatiron 22 2.6 10.2 20.5 14.4
°pertons | 3.1 3.1| 3.1| 3.1| 3.1| 3.1| 3.11 .71 L.7| 1.7 1.11 1.||
iDeconbam & Decormmn

Subtotal 0.0 0.0 0.0 0.0 0.01 221 2.61 10.21 20A 14.41 3.11 3.11 3.13.11 3 313311|1j71 - 1 71 171 , ,l 1.1

Co-Disposal Canisters

|Implementation | .01 5.01 5-01
Operations 1.7 1.7 1.7 1.7 1.7 1.7 1.7 0.8 0.1 0.8 0.1 0.1
Deconbem h Decomm I - -

9econtam & Decom. Subtotal 0o.o °.° 0.01 0.0° 0.0° 0.0o 0.0 5.01 5.01 5.01 1.71 1.71 1.71 1.71 1.7 1.71 171 0.8| 0.81 081 0.1| 0.11

Adlutmnent for Relative UncertaintI

ImPlementaton 1 0.0 0.0 0.0 Q

Decontem h Detomm I I I . 1 _ 0 0 j 0 _ I I II! Subtotal .OD 0.0 0.0 0.0 0.0 0.0 oo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.t 0.0

| Trnsigltion Svstem I

Development IIII
Implementation I I j 2.0 2.0 2.0 I |

O Desptonsa R st)±--
teonam & Decomnm__ _

Subtotal 0.0 0d.0F 0.0- 0.01 0.01 0.01 0.0 2.01 2.0 2.L01 07.0 -0.01 0.01 0.01 0.0 -0.01 0.01 0.01 0.0 0.01 0.01

Development (Fee) I i 1 15.0 50 5
Implementation II I I I I I I I

Oprations I
LDeconts & - -D- - _ -II± 0

Subtotal 0.0 0.0 0.0o 0.0o 0.0o 0.0e 0.0| 0.01 0.01 0.0 0.0 0.0| 00.0 00.0 0.0 0.0o 00.o 5°0° 5.0o 50.0 0. o.o

System Total
Development 1 00 20 20 2.01 420 '00 00 00_ 5.0 501 50 501 50
Implementation 0 0 0.0 51 278 1124I2 I 222 1582 0I0 0.0 0 0I 00 0 0 0
Operations I 32.2 32.2 32.2 32.21 32.2 32,2 32.2 37.2~ 32.2 20.2 67.2 67.2 67.2 67.2 67.21 62 67.2 22.7 22.71 22.7 13.2k 11.2
Decontam Decom 0.0 0. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0- lo 0.0 0.0 0.0 0.0 0.01 0.0

Subtotal 32.21 34.2 3 3 34.2 36.2 61.71 62.01 133. 254.81 17.4 67.21 67.21 67.2 67267.2 67.2 27.71 27.71 27.71 16.2 1.2
|Deconbmh~~~ecomm |Q~lQ| °l ^l oo ~ ~l tl oo o ~l x ~l oo ~ D ~l ol oo ~l oo
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Table C8.8-5 Annual Cost Summary -- Time Phase D&V

! Yearr I2018 ! 2019 '2020. 12021 1 2022 1 2023 1 2024 1 2025 1'2026 ! 2027 ! 2028 ! 2029 1 2030 1 2031 ! 2032 ! 2033 1 2034 12035 l 2036 1 2037 1 TOW A

Wet Store and Transfer
RBOF Operations _ T . _I _ _ _ r _ _ _ 200.6
LBasin Operjtbns 1 - 1 255.31

Subtota__I 0(_______________ . 00 0.0 0.01 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0° 0 0.0 0.0 0.0 0.0 0.0 0.0 0. 456.4

Receipt and Treatment Facility ! - -1 1 1
Development 200
Implementation | ll l l1 7
Operations | 101 101 101 101| lQI| IQI| 10.1 10.1 10.1 10
Deconbam & Decomm i | 131 13 225

Dry Storaze Fadllty

|Development j llllllll 2

|Operatlons 1 1.1 1.1 1.71 1.7 1.7 1.7 1.71 1.7 17 1.7 11 1 1.1 1.1 1.1 1.1| 1 1.1 531
Decontam&Decomrm j { - _ - - - ..........,1 10 1 2.

Subtotal LI 11 1.1 1.7 1.7 17 1 1. 7 1.71 1.7 1.7 1. 11 1 11 1. 1 1. 11 11| 1.11 1.1 10 101 1057

Co-Disposal Canisters
Development 00
Implementatlon | T 1 1
Operi 0ons .1 0.1 0.1 0.1 0.1 0.1 01 01 01 0.1 0.1 01 01 01 0.1 0.1 16.1
Deconlam & Decomm _ 1 _ I I I _ I j 4 0.
Operations Subtotal ! 0 . 01 0 0.1 01- 01_ - - -

Adlustment for Relative Uncertainty
Development T 0. 0
Implementation j0.
Operations 0.

Decontam & Decomm | _ _ _ _ ___|_ 0.
Subtotal 0.0 0.-L O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0 0

Transortation System -

Implementation 4.0 T 1 1
Operations |.1 1.8 1.8 1.8 I.S 1.8 1.8 1.8 0.5 0.5 0.5 0s 5 0Q5 0Q5 0.5 0.5 18.3
Decontam & Decomm…I | I I I j 01

Subtotal 0.0 4.01 1.8 1.8 -1.3 1.8 " 1.8 1.2 1. 1.8 0sl 0.5 0.5l 0.5 0osl 0o.s 0.51 0.51 0.01 0. 28.3

DMlspo(lRepository)- - -
|Development (Fee) | l l l l | | 0| | 3
Implementation 0oj I I I 0
Operations 0 8.0 80 S0 S.0 sl S.0 80 20 20 20 20 20 20 2.0 2.0 300j
Decontsm & Decomm I - - _ - - - - - - - 01

Subtotal 50 00 s10 8.0o 80 s80o 8. 8s0' 8 80 201 20 201 20 201 20 2.01 2.0 o00 00 liO

I Svstem Total
Development 5.01 0.0 0.0 '0.0 0.0 0.0 .0.0 0.0 0. 0 0.0 o.0. 50.
Imprementatlon 0.01 4.0 0.0 0.0 0.0 0.0 0.0l 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 0.0 0.0 0.0 5503
OperatIons 11.2 11.2 21.7 21.7 21.7 21.7 21.7 21.7 21.7 21.7 13.7 337 137. 13.7 13.7 '13.7 13.7 13.7 0.0 0. 1181.6
Decontam & Decomm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 001 0.0 0.0 0.0 00 00 12.2 122 24.5

Subtotal 16.2 15.2 21.7 21.7 21.7 - 21.71 21.7 21.71 21.7 21.7 13.7 13.7 13.7 13.7 13.71 13.71 13.7 13.7 22 12.21 18064



8.9 Electrometallurgical

In addition to the functions of the dry transfer facility, a Electrometallurgical treatment module is
conceptualized to perform the functions associated with this technology. The electrometallurgy
estimate was based on an air locked cell with an inert atmosphere for the EM process. Hot cell
area of 800 sq. ft. was used for each unit process, or unit process group. An hot cell area of 400
sq. ft. was used for the two airlock. Total hot cell area was 6000 sq. ft. In addition 5,000 sq. ft.
of gallery and chemical makeup area was provided.

Equipment lists were developed based on hot cell requirements from EGG-WM-10670 Waste
Management Facilities Cost Information for Spent Nuclear Fuel (March 1993). Equipment
estimates were also supported by ANL inputs. Support equipment costs (canister
decontamination) were based on DWPF experience. Table C8.9-1 shows the estimated cost for
additional equipment for the Electrometallurgical treatment module.

Table C8.9-1 Additional Equipment for Electrometallurgical Option

EauiDment Cost (Thousands of 1996 dollars)

Bulk Feed Prep
Equipment 944
Allowances 545
Subtotal Bulk Feed Prep 1,489

Fuel Prep Cell
Equipment 4,614
Allowances 2,743
Subtotal Fuel Prep 7,357

Airlock (2 each)
Equipment 1,719
Allowances 773
Subtotal Airlock 2,492

Anode Prep Cell
Furnaces 1,370
Misc. Equipment 3,699
Allowances Anode Prep 2,038
Subtotal Anode Prep 7,107
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Electrorefiner Cell
Electrorefiners 5,303
Misc. Equipment 618
Allowances 2,771
Subtotal Electrorefiner 8,693

U/Al Recovery/Package
Furnaces 3,511.
Misc. Equipment 1,035
Allowances 1,879
Subtotal U/Al Recovery 6,425

Oxidation Cell
Furnaces 628
Misc. Equipment 1,042

Allowances 702

Subtotal Oxidation 2,372

Glass Melter Cell
Glass Melter/Marble Machine 799
Canister Handling 442

Misc. Equipment 3,874
Allowances 1,850
Subtotal Glass Melter 6,966

Total Electrometallurgy 42,898

Additional building space for this Dissolve and Vitrify treatment module is a total of 6,000 ft2 of
hot cell space, costed at $2306 per square foot (1996 dollars), and 5,000 ft2 of makeup and
gallery space, costed at $461 per square foot (1996 dollars), consistent with the transfer facility
basis, for an additional building cost of $16,141,000.

Because of the number of unit operations, Electrometallurgical processing was considered to be
most similar to dissolve, dilute and vitrify. Additional operating and maintenance costs were
estimated based on WSRC-TR-95-0180 Life Cycle Cost Estimates for Disposal of Aluminum-
Clad HEU SNF (U\ scaled to twice the value of the dissolve, dilute and vitrify option in that
study based on higher throughput. The additional annual costs for a 15-shift workweek are
shown in Table C8.9-2. Costs for other work patterns were scaled from this value.
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Table C8.9-2 Additional Operating and Maintenance Costs for Dissolve and Vitrify Option

Item Cost (Thousands of 1996 dollars)
Labor 7,280
Utilities 360
Materials 258
Maintenance Contracts 13,094

Incremental additional cost for decontamination and decommissioning-of the GMODS module is
estimated to be $4 million.

These costs are added to those of the transfer facility for the direct disposal options. Table C8.9-
3 presents a summary of the total project costs for the transfer facility with the treatment module
included, including design, construction, operation and decommissioning, including appropriate
funding overheads. Table C8.9-4 summarizes overall costs for this option, and Table C8.9-5
shows the distribution of these costs in time.
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Table C8.9-3 Storage Facility Estimate - EM

| Item ff Descripton Estimated Cost

DEVELOPMENT COSTS .I_

0.0 Development
- 0.1 Research and Development 20,000
. 0.2 Process Demonstration 20,00C

0.3 Waste Form Qualification
0.4 Development Contingency (0% of 0.1, 0.2, and 0.3)

SUBTOTAL 0.0 DEVELOPMENT 40,000

IMPLEMENTATION COSTS

1.0 Construction Costs (Fixed Price Contract)
1.1 BuIldingStructure Costs 52,539
1.2 BuDding Equipment Costs 73,036
1.3 Construction Indirects (29% of 1.1 and 1.2) 36,417

SUBTOTAL Construction 1.0 161,992

2.0 Title I and Title 11 Design (8% of 1.0) 12,959
3.0 Inspection (3% of 1.0) 4,86(
4.0 Project Support (See Note 1) (6% of 1.0) 9,721
5.0 Construction Management (14% of 1.0) 22,679
6.0 SUBTOTAL Engr & Const (1.0, 2.0,3.0,4.0, 5.0) 212,21(

7.0 Site G & A (16% of 6.0) 33,9M

8.0 Total Estimated Cost (TEC) (6.0,7.0) 246,163

9.0 OPC (Other Project Costs) (See Note 2) (30% of 8.0) 73,849
10.0 Implementation Contingency(0% of 8.0 and 9.0)

11.0 Total Projected Cost (8.0, 9.0,10.0) IMPLEMENTATION 320,01

. ' ann,-. A ~ThltKIQ ^Qi -- - _
sirtlkal CissrUAIN F S

* S~hlfts/Weelc lO~blts/ Week i0 Shi fts Week 15 ShIShfts IWeek
12.0 Operations and Maintenance Costs (See Note 3)

12.1 Annual Operation Costs (Labor) 2,8 577 866 121
12.2 Annual Utility Costs 19 3 57 80

12.3 Annual Material I Consumable Costs 46 92 138 193
12.4 Annual Maintenance Costs 6,51 .1303 19 273
12.5 Interim Storage Costs
12.6 Operations Contingency (0% of 12.1 through 12.5)

SUBTOTAL 12.0 OPERATIONS (12.1 through 12.6). 10,05S 20,1 30,16 42,22

DE CONTAMINATION AND DECOMMSSIONING COSTS

l 13.0 Decontamination and Decommissdonng Costs -
13.1 FacIlity and Equipment D&D I22,5
13.2 Storage D&D l

SUBTOTAL 13.0 D&D 22,530

NOTES:
1. Project Support Includes Project Management, Project Control, Estimating and QA
2. OtherProject Costs include NEPA process, developing operating procedures, startup and checkouL
3. Annual costs may vary with years depending on operations performed.

-4. Percentages shown above are suggested starting point values, and may be adjusted.



Table C8.9-4
Total System Cost ($million) Electrometallurgical (90 Glass Logs)

Cost Items DFOperations D &D0 Total________________________________________________ .quipment ________evelp ment Equipmn D
A WET STORAGE AND HANDLING 0.0 0.0 436.2 0.0 436.2

Wet Transfer and Storage 436.2

B TRANSFER AND PACKAGING 0.0 169.6 176.4 18.5 364.5
- Treatment Facility (Recv and Pkg) . 169.6 175.5 18.5
- Canisters . 0.9

C TREATMENT - 40.0 150.5 401.6 4.0 596.1
- Treatment Facility (Treatment Module) 40.0 150.5 401.6 4.0

D INTERIM STORAGE 0.0 3.0 0.0 0.0 3.0
- Vault Storage 0.0 0.0 0.0
- GWSB Incremental Charges 3.0

E DISPOSAL 30.0 10.0 14.4 0.0 54.4
El - Transportation 10.0 3.6
E2 - Repository Fee 30.0
E3 - Repository Operations 10.8 .
F CREDITS 0.0 0.0 -222.8 0.0 -222.8

- Credit for U-235 -222.8

.TOTALS 70.0 333.0 805.8 22.5 1231
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Table C8.9-5 nnual Cost Summary -- Time Phase E-M
Year 1I96 1 I7 1998S 19991 2000 2001 12002 12003 12004 12005 2-00-6 2007 12008 12009 12010 12011 2012- 201,3 2014 12015 12016 12017

I Wet Storage and Transfer2 2
BFOperations Is is0 15. 15.0 i5.0 I5.0 15.0 15.01 15.01 15.01 8.21 8.21 8. 8.21 8.2I 8.21 8.22 '

Operat~~~ons 17.21 17.21 ~~ 17.21 17.21 17.21 17.21 17.21 22.21 17.2 12.01 1.0 201 1.01 1.01 i.I 1.0 II
Subtotal 32. 32.21 32.21 32.21 32.21 32.21 .32.21 37.21 32.21 20.21 20.2i 20.21 20.2 20.2 20.2 20.2 0.01 0.01 0.01 0.0 0.0 0.

JReceipt=ndTreatment FacilltY1
Development 40 0 4.0 8.0 12.0 4.0 4.0I
ImplementatIon 14 .3 16.9 65.3 131.4 92.1I
Operations _ _ .__ 42.2 42.2 42.2 42.2 42.2 42.2 42.2 20.1 20.1 20.1 20.1 10.1 10.1

Decontam & Decom.m_ _ _ _ _ ___ __ _ _ _ _ _
Subtotal 0.1 4.01 401 4.0- 22. 28.91 69.31135A4 9!2.1 -42.2 2.2 42. 42.21 42.21 42.21 42.21 20.11 20.11 20.11 20.11 10.110.

PMy Storage Facility1
Development I
Implementation i

Subtotal 0.0 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.0 0.01 0.01 0.0 0.01 0.01 0.01 0.01 0.0 Oj 0.0 0 0.0 00.0

Wass LOA Canisters (Ind GWSB ChalK___ - -,-

Implementation (GWSB Charge) J 1113.0 . . . .

Decolitamt & Decomm J J_10 0 1I I i _

Subtotal 0.0 0.01 0.0 0.0 0.01 0 0 0.0 -O -0.01 3.01 0.1 0.10.11 0.11 0.1 0.11 0.110.1 0.11 0.1 0.01 0.0

Adfuatmients
DeveopmnentTT
ImplemnentationiI
Operations
U-235 Credit - 1.22.3 .22.3 .22.3 -22.3 .22.3 .22.3 .22.3 .11.1 .11.1 -1.1 I .1 I 11 -11.I

Subtotal 0.01 0.01 0.01 0.01 0.01 0.0 0.0 0.0 .22.31 -2231 -22.31 -22.31 -22.3 -22.3 .--22,3F -.11.1 .141.11 .1i.1 .11.1 - .11. 1.

Development

TSubtottadln0.01 0.01 0.0 0.01 0.0 0.01 2.01 2.01 2.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.0 0.0 0.0j 0.01 0.01 0

Dl xW Re oitorv ]
Development (Fee) 1 IT 0T TO so0so
Implementat ion I JIII
OperationsI I IIII
Deveonpm Dent07c0o08m2m40 40± 0 5

SytmTtlSubtotal 0.0 0.01 0.01 0.01 0.01 0.01 0.0 0.0 0.01 .01 01 0.01 00.01 0.0 001 0.0 0.0 5.0 5.0 5.0 5.0 5

Development 01 1 000 4004 1ToI 0.0 0.0 0.0, o.0 00 .0 5.0 01 5Implementat~~~~~~~on ~00 0 0 0.0 1. 6 67.3 13.4 91 0 G 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 00 0 0.0

Operations 32.2 22 32.2 32. 32.2 32.2 322 3. 22 6. 25j 62.5 62.5 62.5 62,5 62.5 20.2 20.2 20.2 20.1 10.1 I0.lj
Decontanm& Decomm 0. 00 0.0 0.0 . 0.0 0.0 0. .0 2. 22.3 -22.3 .22.3 -22.3 -223 -11.1 -11.1 -11.1 -11.1 -1 1.1 .Il:.j



Table C8.9-5 nnual Cost Summary -- Time Phase E-M

I Year 12018 12019 20202021 I1 2022 2023 12024 12025 12026 2027 2028 2029 2030 2031 2032 12033 12034 12035 12036 12037 TotaljI wet Stosaae aVd Transfer
ROOF Operations suoti j oo 100 .'0. j~~c,..j io__ 92:4:

.Rcitand Treatment Facility __……

Development 400

Oflplenllatlon 1 10.1 10I 10.3 10.1 10 111 10.1 10. 1 0. 11 10.11011 .1 1.31 10.1 10.1 10.1 10.11 10.3 5737.01
Decontami & Decomm. … … … … … ……… - 22

_______________________ ____ 0. 1.1 101u0. 1.1 101 0. 1.1 101 0. 10.1 10.1F 10.1 - 10.1 10.1 11.31 11. 959.71

I Dry Sterne Fadilltv
Development I TT
lImplementation
operaions I II
Decontam & Decom . __ __ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Subtotal 0.0 0.01 0.01 0.01 0.01 0.01 0.0 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.0 0. 00

Glen Los Canhsters (Ind GWSB Charu __- ,…………

Decontam & Decomm_ _ _ _ _ _ _ _ _ _ _ 09
Subtotal 0.0 0.0 0.01 0.0 * 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.0, 0. 3.91

IDevelopmnent- F
lImplementationI II III0
IOperation~s I IIIIII 0U-235 Credit 00 _ _ .......... IL... .2228

I ~~~~~~~~Subtotal 0.0 0. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 i@ .0 0.0 0. 0.01 0.01 0.0 0.0 0.0 0.0 0. -222.8

Transvortatlon Sistem-
DevelopmentIIT TTTTT

OperatiSutoal .0 .0 0.4 .0.4 0.4 0.4 0.4 0.4 ____ 0.4 0.1 0.1 0.1 0.1 0.3 0.3 0.1 03 0 13
D~econtam &Decom ,_ _ _ _ __m_ __ _ _ _ _ _ _ _ 0L _ _ _ _ _ _~~~~Sbotl . 4.10.410.410.410.410.410.410.410.410.10.1 0.1 0.110.310.1031 .1 .1001 136!

Diauiosal (Renosltoryv) - -- - - - - - - - -

Development (Fee) 5.0 11I-.-1 1
Decra.ionJ 1.1 1.3 1.1J :1: 1.1 .1 1.1 3.1 0.3 0.3 031 0.3 031 0.3 0.3 0.3 __ _j101

Sy'stem Total
Development 5.0 0.Oj 00 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.j 0. .0.0[ 0.0 0.0 00 0.U0 J~ 70

Implementation 0.0 4.0j 0.0 0.0 0.0~~~~~~~~~~~~~ 0.0 0.0 0. I 0.0 0.0 0.0 0.000 .0 00I .0 . 0 0.0 00 :0 I 301

D)econtam & Decomm 0.0 0.01 0.0 0.0 0.01 0.0 0.0 0.01 0.0 0.0 0.0 0.0 0.01 0.0 001. 00 0.0 0.0 1131 13i .2. 3

Subtotal L 51 14.11 11.51 11.51 Il.51 11.51 11.51 11.5j, 11.3 ILS 10.4 j0At .1041 10.4 10 10.1 10.4 10.4 11.31 1131 !L ",



8.10 Processing

The processing option plans to take maximum opportunity for use of the existing canyons at SRS
for processing aluminum-based SNF while costs for these operations can be shared with other
programs. As such, the scenario investigated varies from that considered for other technologies
so that maximum cost sharing can be achieved. The scenario is evaluated based on a
modification of the optimum processing case (Case 2a) detailed in WSRC-RP-95-798, Savannah
River Site Evaluation of Spent Nuclear Fuel Options. Operating costs for reprocessing, waste
processing and HLW canisters were decreased to reflect the LINM EIS ROD and the scope of
this study (i.e. excluding Mark 16/22s): Processing continues until the end of 2008 when
inventories are exhausted. To take advantage of processing, INEL Al-clad fuels are returned to
SRS during the period 2000 to 2005. Since INEL deliveries are accelerated, and all FRR
shipments are complete in 2008, only a trickle of DRR SNF remains for the period 2009 through
2035. This reduced flow creates the opportunity for selective use of a smaller scale packaging
and treatment concept for the remaining period.

The operating concept selected for after 2008 is a small-scale direct disposal (co-disposal)
option. A small direct disposal transfer hot cell is integrated into the vault storage facility
common to other treatment technologies, as described in section 7.2. The transfer facility is
sized for 150 storage tubes, with cost estimates similar to those for the other treatment
technologies. Building and equipment costs for the direct transfer hot.cell are then added to
those costs. The incremental equipment costs for the direct transfer cell are shown in Table 8.10-
1.

Table C8.10-1 Additional Equipment for Processing (Direct Disposal) Add-On Option

EuuiDment Cost (Thousands of 1996 dollars)
Overhead and Gantry Cranes 1,855

Miscellaneous Equipment 2,747
Allowances 2,770
Total Co-Disposal Transfer Cell 7,372

Additional building space for this transfer module is 1,200 ft2 of hot cell space, costed at $2306
per square foot (1996 dollars), and 400 ft2 of makeup and gallery space, costed at $439 per square
foot (1996 dollars), consistent with the transfer facility basis, for an additional building cost of
$2,943,000.

Additional operating and maintenance costs were estimated based on WSRC-TR-95-0180 Life
Cycle Cost Estimates for Disposal of Aluminum-Clad HEU SNF (U), scaled to 110% of the melt
and dilute option in that study based on higher throughput. The additional annual costs for a 15-
shift workweek are shown in Table C8.10-2. Costs for other work patterns were scaled from this
value.
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Table C8.10-2 Additional Operating and Maintenance Costs for Transfer Module

Item Cost (Thousands of 1996 dollars)
Labor 1,322
Utilities 36

Materials 5,628
Maintenance Contracts 1,853

Incremental additional cost for decontamination and decommissiormng of the transfer module is
estimated to be $4 million.

These costs are added to those of the storage facility sized for the required number of storage
locations. Table .C8.10-3 presents a summary of the total project costs for the transfer/storage
facility with the treatment module included, including design, construction, operation and
decommissioning, including appropriate funding overheads. Table C8.10-4 summarizes overall
costs for this option, and estimates that approximately 25% of the total new facility cost is
associated with storage, and the remaining 75% with transfer activities. Table C8.10-5 shows the
distribution of these costs in time
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Table C8.10-3 Small Transfer Cell Co-located with Interim Storage Facility

Item Description Estimated Cost

DEVELOPMENT COSTS

0.o Development
0.1 Research and Development ; 5,
0.2 Process Demonstration 5,00(
0.3 Waste Form Qualilfcation
0.4 Development Contingency (0% or 0.1, 0.2, and 0.3)

SUBTOTAL00 DEVELOPMENT

IMPLEMENTATION COSTS

10 Construction Costs (Fixed Price Contract)
1.1 Building Structure Costs
1.2 Building Equipment Costs 19,227
1.3 Construction Indirects (29% of 1.1 and 1.2) 7,955

SUBTOTAL Construction 10 35,388

2.0 Title Iand Tltie It Design (8% of 1.0) 2,831
3.0 Inspection (3% of 1.0) 1,06
4.0 Project Support (See Note 1) (6% of 1.0) 2,1
5.0 Construction Management (14% of 1.0) 4$5
6.1J SUBTOTAL Engr & Conast (1.0, 2.0,3.0,4.0, 5.0) 4ti35

7.0 Site G & A (16% or 6.0) 7,41

8.0 Total Estimated Cost (TEC) (6.0,7.0) 53,77

9.0 OPC (Other Project Costs) (See Note 2) (30% of 8.0) 16,133
10i Implementation Contingency (0% of 8.0 and 9.0)

11.0 Total Projected Cost (8.0, 9.0,10.0) IMPLEMENTATION 69,908

OPERATFONS COSTS
I Shifts I Week 10 Shifts I Week 15 Shifts I Week 21 Shifts / Week

12.0 Operationsand Maintenance Costs (See Note 3)
12.1 Annual Operation Costs (Labor) 593 1,11 1,626
12.2 Annual Utility Costs Is 44 61
12.3 Annual Material I Consumable Costs I,88 3,761 5642 7,S98
12.4 Annual Maintenance Costs I,21 2,S1 4,014 5
125 Interim Storage Costs Included Above Included Above Included Above Included Above
12.6 Operations Contingency (0% otl 12. ibrough 12.5)

SUBTOTAL 12.0 OPERATIONS (12.1 through 12.6). 4,111 7,718 11,325 1S653

DECONTAMINATION AND DECOMMISSIONING COSTS

13.) Decontamination and Decommissioning Costs T
13.1 Facility end Equipment D&D
132 2Storage D&D | 592

1 SUBTOTAL 13.0 D&D 5942

NOTES:
1. Project Support includes Project Management, Project Control, Estimating and QA
2. Other Project Costs include NEPA process, developing operating procedures, startup and checkout
3. Annual costs may vary wIth years depending on operations performed.
4. Percentages shown above are sugested starting point valhes, and may be adjusted.



Table C8.10-4
Cost Model Processing 1 Direct Disposal (120 Glass Logs, 300 Co-Disposal Pkgs)

Cost Items Development Faiity _ Operations D & D Total

A WET STORAGE AND HANDLING 0.0 0.0 434.6 0.0 434.6
- Wet Transfer and Storage 434.6

B TRANSFER AND PACKAGING 10.0 67.4 90.7 4.5 172.6
- New Tran & Stor Facility (Trans and Pkg) 10.0 52.4 83;2 4.5
- Canisters 15.0 7.5

C TREATMENT 0.0 0.0 643.0 0.0 643.0
- Canyon Processing Costs 234.4
- Canyon De-inventory Costs 198.0
- DWPF Glass Log Charges 210.6 l

D INTERIM STORAGE 0.0 20.5 27.7 1.5 49.7
- New P&D Facility (Recv, Pkg, and Store) 17.5 27.7 1.5
- GWSB Incremental Charge 3.0

E DISPOSAL 30.0 10.0 561 0.0 96.1
El - Transportation 10.0 11.7
E2 - Repository Fee 30.0

I E3 - Repository Operations ' 44.4
F CREDITS 0.0 0.0 -175.0 0.0 -175.0

- Credit for U-235 -175.0

TOTALS 40.0 97.9 1077o i 5.9 1221.01

(.
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Table CRJO-5 Annual Cost Summary -- Time Phase Repr - DD Co-D

Year 199"6 1 1997 1998S 1999 2000) 2001 2002 12003 2004 12005 2006 12007 12008 2009 2010 2011 2012 2013 2014 2015 12016 21

.xstIng Facilities I Re rocewssl
RBOF Operations 22.6 15.0 15.0 25.0 28.0 .18.0 230 8.0 1 3.0 18.0 1 o I5.0 15.0 15.0 15.0 20 --

L-Dnsln Operations 11.2 17.2 17.2 17.2 20.2 20.2 20.2 20.2 20.2 20.21
IF&HCanyon Pe.vetr Cngt 33.0 33.022 . 30 30 20 2. 233.0 3. 3
Canyon Canynnentoryln 0. 10 2. 1.2 1.330 3. 3.0 320 2. 330320 2.
GWSR Storalge Chiarge .I3.0I

W-235 Credit -ub- -19.4, -19.4 .19.4 .19.4 -19.4 .19.4 .19.' .19.4 -19.4 - _ _--

Subtotal ~~~33.8 33.21 44.4l 44.4 19.g 21.8 31.8 50.81 53.83 50.8 27.6 27.61 27.6 I5.0 1ISO 0.0 0.0 0.0 0.0 33.0 33.0 33.0

Retd Tramenpi torage Fadliv

t I I -, I I I I I 1~~ ~~~~~~~~~~ 4.11 4.1' 4.21 4.21 4.1 41 411 41 41
E:~~~f Subtotal i. 0.01 o.oj 0.0io 0.1 O4,! 2.1__ ,Sj 2.51 2.54 2.st 18.91 28.4j 20.1 4.11 4.1 1 4.1j 4.11 4.11 4.11 4.11 4.1~

jDevelopment I
tlmplementadionI III I

Deono Decomm J1
~~~~~Subtotal 0.0 001 00 0.0 0.0 00OL 0.0 .0 0. 0.01 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.01 0.0

Canstr

* impiemenlation I 0 S. 5.0 . 09 0.j ol .9.2 .1
Operations 0.91 0.91 0.9 0.9 0.91 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0.2 0.21 011 01

i-"" - ... Subtotal 1 1i to o ioiiOO .O .! .bI.! OO ~OtO .i 00 0.01 5.0j -701 51 0.! 09 .9 .1 09 041 0.110.11 0.2~

I Trans,,ortadion Svstem
mn~~~veinopmenr ~ ~ ~ I I I I I I I I I I I I I I I I . _

~Implementation I j2.0 . 2,0 20.
Operations _ _I _

Subtotal 0.0 0.0 Ott 0. 0.01 0.01 2.01 2.01 -1-0 .1 0.1 00 .1 .0 .1 L j _ .

D is ootal (R e oosltorv)- . . - - - -. …

Development (Fee) F fst so0 s.o 5.0 5.0
Implementation- -

O perations_ _ _ _ _ _ _ _ _ __ _ _- - -

Subtotal 0.-L .0.l 00 0 00 00 0 0 0.0 0. 0.0 0.0 0.01 0.01 0 0 0 0 0.01 5.01 5.0 5.0f 5.0 5 0
T b e c o n t a m & D e u bmom t a l… … … … … … … … … … … …_O

C Sv ten ut otd1
ID evelopm ent I 00 0 0 .0 .0 .0 2 5 2.5 2.-5 2.5 0. 0. 0. . . . 41 . . 5 I50 5.1j '
~Im plem entation 0 . 0. 0. 0. 0 0 0. 0. 0. 0 0 2 5 2 .9 3 4 27.1 0. 001 .0 0.0 0 0 00 0.0 0. 00
~O p e ra tio n s 3 3 .8 3 3 .2 4 4 .4 4 4 4 2 . 2 2.8 3 1. 5 . 5 3 8 0. 2 7 6 7. 27 .6 20 2 2 . 1 5 2 . .1 4 2 7 2 3.(3 .
I~tecomtan & Decomm I 0.0I 0.01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 __ 0.0 0.01 0.0. , .6 .0 0.0J 0.0 0.01 0.0r Subtotal 1 33.81 33.21 44.4 44.41 19.81 2.4.31 34.31 53.3~1 56.31 53.21 53.51 62.9] 54.7) 20.11 20.11 s.11 5.11 to.1] -_ 9.21 42.21 42.21 42.21



Tabile C 8..10-5 Annual Cost Summary -- Time Phase Repr - DD Co-D.

I Yewar 20185 2'019 12020 12021 A2022 12023 2024 12025 12026 2027 12028 12029 2030 12031 2032 12033 2034 12035 12036 2037 Total

Existing Fadli ta feos ei
RROF Operattions……T 250.6
L-Basln Operatdons14

Canyon De.3.nventory Costs 33.0 33.0 33.0 1FF1I W
GWSB Storage Charge I3 II.07
Make Glass Lops1 __ 210.6 11__ _ 14 210.6

i ~~~~Sub"oa 33.0 33.0 ,33-.0 0.0 0.0 210.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.01 0.0 0A 905.6IRecdgL Treatment &Storame Futdlity
Developnment 1 0

Operations ~~~~4.1 4:l 4.1 4.1 4. 11 4.1 4.1 4 11 4.1 4.1 4.1 4.1 4.11 4. 4.11 4.1 41 1 4 .
Operaonsa 4.1D.4comm3.

~ eom Subtotal4.4. 4. 4. 4. 4.4. 4. 4.1 4.1 4.1 4.14. 4.1 4.3 3.I All68

Dry traFaft

DevelopuesslJ * 0.
Operations I II Il .
Decontanm & Decorm 0.0

Subtotal 0.0 0.0 0.0 .0.0 0.01 0.01 0.0 0.0 0. 0.0 00 T is i 0i.i. 0.01 0. 0.01 0.0 0 .

jDevelopsnent:1 , II__ _ _ _

Implementedon 15.~iT I 1 ~ r
Operadow . . . . 01 13 6 . 1 01 . 01 '.1 0u1 .21 0.3 . . 17Deona Decomm 2 L L 2i1iliI 03 1 I A..J .~

Subtota I 0.01 4.01 1.23 1.21 1.21 1.21 1.21 .1.21 1.21 1.I 0.23 0.23 .231 0.31 0.31 - 0.31 U.il 0.31 3.011 Win3 ALA71

I DI.Psl ft~
IDevelopment (Fee)
IImplementation
jOperations

I

5.01 4.4 44 4.41 4.41 4.41 4.41 4.41 4.41 1.11 1.11 1.11 1.I1 1.11 I .11 Ill 1.l1 I 44.4j
* - Subtotal .....~~~ ~~ ~~.0!1 0.. ±0 t.. " I4 A. 4.41 4j. .. ±41 4.4A 44 4.j_ 4~ 1 _ 4T 4 4.4i 1.1j 1.1 L.1j i. 4 i .ij L 41 1 .4 uI o.oJ 0 4 :744Ji

D e v e lo p m e n t 1' T b o0 T 0 0 0 0 o o . . . . . . 0 0 0 0 0 0 0 0t-T 0 0 0 0 0 0 o ~ ' 4
Implenmentation 0.0 4.01 0.0 0.0 0.01 0.0 0.0 0.,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.01 0.0 0.0 0.0 00j 94.
Operadons 37.2 37.21 42.8 9.5 9.51 221.6 9.0 9.5 9.5 9.5 5.6 5 .6 5.6 5.6 5.6 5.6 I 5.5 5.5 0.0 04 1050 I
Dlecontam & Deconm 0 0.0 1 00 0.0 0.0 j 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0; .0 0.0 0.0 0.0 3.0 3. S.59



9.0 Uncertainty Analyses

Preliminary cost estimates of large, complex, long term projects are inherently uncertain. The
projections in this report are no exception. The degree of uncertainty is strongly influenced by
the level of maturity of the project in question; some of the technology alternatives evaluated
here are very conceptual, and therefore their estimated costs are more uncertain than others.
Relative complexity is also a factor; the cost estimates of complex concepts are likely to be more
uncertain than those for simpler ones.

In the view of the Team, this relative uncertainty should be taken into account in comparing cost'
projections for prospective projects of differing maturity and complexity, as in this case. Also;
the Team believed it important to present cost estimates in the proper context, making it clear to
those who may take action based on recommendations herein that all of the cost figures are
uncertain, and some more than others.

To establish a framework for clear and consistent treatment of cost uncertainty, the Team
established the following three key cost te rms:

Conceptual Estimate

This is the "raw" estimate - the Team's consensus judgment as to the cost of a candidate SNF
treatment and disposal option, based on what is currently known about that approach The
conceptual estimate for each option is the compilation of its various cost components, as
described earlier in this section. The estimates for each cost component, and therefore the
aggregate conceptual estimate, are drawn from experience in comparable applications, from
third-party input, from simple estimating calculations, and from the Team members' judgment.
Allowances for uncertainties and cost variations are not considered at this stage. These are the
costs that were described in detail in Section C8. The conceptual estimates are summarized in
Table C9.0- 1.

Estimate Range

This is a band of costs, spanning the conceptual estimate and representing the Team's judgement
as to the range within which a more complete and better developed cost projection, once
available, would likely fall. It reflects the reality that as details develop for any large project, the
project's cost estimate inevitable changes, becomes more precise, and usually (but not always)
grows. Note that the estimate range, as defined here, is not intended to predict the full range of
cost possibilities or to accommodate major project upsets (e.g., licensing delays); rather it is
intended to convey the kinds of cost estimate variation which could reasonably be expected as
the project proceeds from the conceptual to the preliminary engineering stage.

The first step in the development of the estimated ranges was the review of the conceptual
estimate to consider uncertainty. Uncertainty considerations included the source of the cost data
and the maturity of the technologies. The conceptual estimate for each technology was assessed
to assign a negative (-%) and a positive (+%) variance for each of the cost components. For
example, the variance for the wet storage and handling costs was determined to be -10% to +30%

C-1 15



for all technologies, as the costs are based upon historical data and the type of activities
performed are generally the same for all the technologies. On the other hand, the variance
assigned to the treatment costs varied more widely (40% to +100%) among the technologies due
to a significant difference in maturity. The cost variance percentages by technology and cost
component are presented in Table C9.0-2.

The second and final step was to compute the total composite estimate range for each option.
This was done by applying the negative variances to the conceptual estimate to calculate the low
range cost and the positive variances to calculate the high range cost for each option. The cost
ranges are shown in Figure C5.0-1 and Table C9.0-3.

Comparative Cost

Comparative costs were developed to reflect the relative differences in uncertainty among the
options. Based upon the cost variances for each technology and cost component, discussed
above, relative uncertainty factors (RUF) were derived by assessing the difference in positive
variance. For example, the RUF for the wet storage and handling costs, was 0% for all
technologies, as the positive variance (+30%) is the same for all technologies. On the other hand,
the RUF for treatment costs ranges from +0% for Processing, where uncertainties are small, to
+90% for the advanced technologies, where uncertainties are significantly greater. The RUF by
technology and cost component are presented in Table C9.0-2. Once the RUFs were defined, the
comparative costs were calculated by applying these factors to the appropriate component of the
conceptual estimate(Table C9.0-1), then summing to arrive at the total comparative cost for each
technology. The product of the RUF and the conceptual cost component, which is the
uncertainty component of the comparative cost, is shown in Table C9.0-4. The comparative
costs are presented in Table C5.0-2.

In order to include the uncertainty component of the comparative cost in the cash flow estimates
described in Section C8, the uncertainty component was distributed over time. The uncertainty
component of Transfer and Packaging for each technology was assumed to be spread evenly over
the three years prior to startup of the treatment phase. The uncertainty component of treatment
was assumed to be spread evenly over the, six years beginning with the startup of the treatment
module. Finally the uncertainty component of interim storage was assumed to be spread evenly
over the years 2020 .to 2027. This is because these costs are related to-the need to vent the
containers prior to shipping to the repository. The conceptual cost cash flow by year, the
uncertainty cash flow by year and the total comparative cost cash flow by year are shown for each
technology in Tables C9.0-5,1-3.

Summary

The objective of the cost evaluation was to consistently compare costs among the technologies'
using available pre-conceptual design information. The approach used to develop the estimate
and apply uncertainties reflects the application of considerable experience and judgement by the
Team.
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TABLE C9.0-1 SUMMARY OF CONCEPTUAL COST INFORMATION (Millions of 1996 Dollars)

Disposal

Wet Storage Transfer and Interim Transpor- RRepository AOption ~~~~~and Handling Packaging Tetnt Storage* tatlon Operations djtm ts Tta

Direct Disposal (1100 Small Packages) 282 440 0 120 37 30 368 61 1338

Direct Disposal - CoDisposal (1400 Co-DIsposal .82 427 0 126 42 30 140 61 1108
Pkgs) 2

Press and Dilute (400 Co-Disposal Pkgs -20%) 347 417 231 97 19 30 40 61 1242

Press and Dilute (1300 Co-Disposal Pkgs -2Y%) 347 436 231 122 40 30 130 61 1396

Melt and Dilute (400 Co-Disposal Pkgs) 347 392 274 97 19 30 40 0 1199

Plasma Arc (400 Co-Disposal Pkgs) 456 i80 453 93 19 30 40 0 1472

GMODS (800 Co-Disposal Pkgs) 456 388 407 106 28 30 80 0 1496

Dissolve and Vitrify (800 Co-Disposal Pkgs) 456 388 718 106 28 30 80 0 1806

Electrometallurgical (90 Glass Logs) 436 364 596 3 14 30 11 -223 123i

Processing I Direct Disposal (120 Glass Logs, 300 C 435 173 643 50 22 30 44 175 1221
Disposael Pkgs)

Note 1: The estimates presented above represent a comparative best estimate for the values shown, without contingencies.
Note 2: Adjustments Include charges for Hot Vacuum Drying Facility and credits for sale of U-235 when appropriate.



Table C9.0-2 Cost Estimate Range Assumptions

Disposal ____ ___

Option Wet Storage and ransfer Treatment Interim Storage Transpor-tation Repository Fee AdIustmentsa

. RUF - - RUF - RUF + - RUF + - RUF _ - RUF _ _ RUF _ . RUF _

Direct Disposal (1100 Small Packages) 10% OY 30% 10% Oo 30e 10Y 10% 20% 10% 20% 40% 10% NO 2We 0% 0% 0% 10% 0% 30% 10% 0% 30%

Direct Disposal Pkgo~isjosal (1400 Co. 10Y. 0 Ne 30% 10Ye 10%h 40Ye 10% 10% 20Ye 10% 20% 40% 10% 0%/o 6 20% 0%0 Gh NO 10% 0%/ 30Ye 10Y DY 30%Disposal Pkgs)

Press and Dilute (400 Co-Disposal Pkgs - 10% No 30% 10Y 10% 40% 100% 40% 50% 10% 20Y 40Ge 10% 0°h 20% 0Geh 0Y NO 10% OY 30Ye 10% 0Y -30%
20%)

Press and Dilute (1300 Co-Disposal Pkgs lOe 0% 30Y 10% 10% 40e 10Y 40% 50e 10% 20% 40Y 1W 0e 20% 0e 0e GY 10Y OY 30% 10Y OY 30Y
2%)

Melt and Dilute (400 Co-Disposal Pkgs) 10% 0W 30% 10Y 10% 40% 10/* 40% 50% 10% Geh 20% 10%h 0% 20% Orh NO 0% 10Y Ne 30% 0Y 0% NO

Plasma Arc (400 Co-Disposal Pkgs) 10W 0W 30Y* 10%. 10N. 4(0% 0Y 90% 100% 10W 0% 20W 10Y aY 20Y 0h 0% 0/6 1 0Y6 30Ge/ 0 0 0%

OMODS (800 Co-Disposal Pkgs) 10% 0Y. 3W% 10% 100%6 40Y No 90% 100% 1We 0e 20% 10%h 0%/ 20% O OY* 0°Y 10Y. NO 30%/. 0% NO 0%

Dlssolve and Vitrify (800 Co-Disposal 10Y 0% 3W. 1We 10% 40% 0% 20Y 30M 10% 0% 20% 10% 0Y 20Y O/ OY. 0% 10%h 0%. 30Y 0% 0% 0Y
Pkgs)

Electrometallurglcal (90 Glass Logs) 10% 0Y 30Y 10Ye 0% 30% 0% I% 70% 10% 0% 20% 10% 0% 2W% 0% 0% 0% 10Y oN 30Y 10% OY 30Y

Processing g Direct Disposal (120 Glass 1W 0Y 30h 10 h OK 3W | 43Y O% 10% 1W 2W 40% 10Y OY 20Y 0% OY 0% 1W 0% 30% 10% 0% 30

Logs, 300 Cc-Disposal PFcgs)
RUF * Relatve UnceelantyFat

Q
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Table C9.O-3 Cost Estimate Ranges

(

Option Minimum Conceptual Comparison Maximum

0 1207 990 1014 1739
Total System Cost Direct Disposal - 1482
CoDisposal (1400 Co-Disposal Pkgs) 1 1 117

Task TeamCost Model ($Millions) Press 1395 1701
and Dilute (400 Co-Disposal Pkgs - 20%) 1 1242
Task Team Cost Model ($million) Press 1556 1904
and Dilute (1300 Co-Disposal Pkgs - 2%) 1260 1396
Task Team Cost Model ($million) Melt 1082 1199 1348 1632

and Dilute (400 Co-Disposal Pkgs) l . _l

Task Team Cost Model ($million) Plasma 1373 1472 1918 2249
Arc (400 Co-Disposal Pkgs) I I

Task Team Cost Model ($million) GMODS 1390 1496 1902 2247
(800 Co-Disposal Pkgs) . [

Task Team Cost Model ($million)
Dissolve and Vitrify (800 Co-Disposal 1 1

Task Team Cost Model ($million)1171 1231 1625 1865
Electrometallurgical (90 Glass Logs) . . .
Task Team Cost Model Processing l | *11

-Direct Disposal (120 Glass Logs, 300 Co- 888 1221 1231 1452
Disposal Pkqs)1 II. X |



Table C9..0-4 Uncertainty Component of Comparative Cost

Disposal

Option WtSoaeTadrnd Treatment Inel sln Repository Fee Reoloy Adjustments? Total

Direct Dlsposal (11 00 Small Packages) 0 0 0 24 0 0 0 024

-Dlrect Disposal -CoDlsposal (1400 Co-Disposal Pkgs) 0 43 25 0 0 0 6S

Press and Dilute (400 Co-Disposal Pkgs -20%) 042 92 19 O O O O 153

Press and Dilute (1300 Co-Disposal Pkgs - 2%) 044 92 24 0 O160

Malt and Dilute (400 Co-Disposal Pkgs) 0 39 110 0 0 0 0 0 149

Plasma Arc (400 Co-Dlsposal Pkgs) o 38 408 O O O O O 446

GMODS (800 Co Dbspossl Pkgs) 0 39 367 0 0 ° 406

Dissolve and Vitrify (S00 Co-Disposal Pkgs) O 39 144 0 O O. o O 182

Electrometallurgical (90 Glass Logs) 0 0 358 0 0 0 0 ° 358S

Processing / Direct Disposal (120 Glass Logs, 300 Co- 0_1000

(.
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TableC9.0-5 Cash Flows
Sheet 1

(

Conceptual Costs
Year - 1996 1 1997 1 1998 1 1999 -2000 1- 2001 1 2002 2003 1 2004 1 2005 1 2006 I 200 200S 2009 1 2010 1 2011 1 2012 1 2013 2014 1 2015 2016
Direct Disposal
Co-Disposal
Press and Dilute (20%)
Press and Dilute (2%)
Melt and Dilute
Plasma Arc
GMODS
Dissolve and Vitrify
Electrometallurgical
Processint (Baseline)

32.2
32.2
32.2
322
32.2
32.2
32.2
32.2
32.2
33.8

32.2
342
34.5
34.5
352
372
37.2
34.2
362
332

32.2
92.4
34.5

34.5
35.2

37.2
37.2
34.2
36.2
44.4

32.2
141.4
45.2
45.8
47.5
37.2
37.2
34.2
36.2
44.4

32.2
126.9
109.3

114.0

,'118.5422
42.2
36.2
54.5

. 19.8

40.5

53.9
140.5
147.5
148.2
66.2
64.6
61.7
61 .1

24.3

45.5
56.4

116.9

121.9
1 15.1

59.7
57.7
62.0

103.5
34.3

S5.
49.7
60.7
62.
50.

136.C
128.5
153.4
174.

53.2

50.5
49.3
62.2
64.4
50.8

213.8
198.7
254.8
129.3
5613

4u0.

39.3
58.1
60.3
50.8

149.6
139.0
178.4
40.2

-V..

39.7
58.1
60.7
50.
501
SI.
67.
40.2

10.0
9.4

48.1
50.3
50.8
50.8
51.8
67.2
40.2
82.9

10.0
9.4
*48.1

50.3
50.8
50.8
51.8
67.2
40.2

154.7

10.
9.4

13.4
14.4
14.7
50.5
51P
67.
40.,
20.1

10.0
9.4

13.4
14.4
14.7
50.8
51.8
67.2
40.2
20.1

10.(
9.4

13.4
14.4

14.7

67.2
40.,
5.1

10.0

13.4
14.4
14.7
50.8
51.8
67.2
9.A
5.1

4.4
9.4

18.4
19.4
19.7
19.8
20.3
27.7
'4.I
10.1

4.4
9.4

18.4
19.4
19.7
19.8
20.7
27.7

9.2

4.4
9.4

18.4
19.4
19.7
19.6
20.3
27.7
14.0
42.2

4.4
9.4
1.8

12.1
12.5
12.5
12.6
16.2
3.9

422

Relative Uncertainty
Year 1996 1997 1998 1999 2000 1 2001 2002 2003 2004 2005 2006 2007 2008 2009 1 2010 2011 2012 2013 2014 2015 21
Direct Disposal 0.0 0.0 00 000 0o0 0. 0.0 0.0 0.0 _
Co-Disposal 142 14.2 142 2 00. 0.0 0.0 0.0 0.0 0.0
Press and Dilute (20%) 13.9 13.9 13.9 15.4 15.4 15.4 15.4 15.4 15.4
Press and Dilute (2%) 14.5 14.5 14.5 15.4 15.4 ts.4 15.4 15.4 15.4
Melt and Dilute 13.1 13.1 131 18.3 18.3 18.3 18.3 18.3 18.3
Plasmal Arc . 12.71 12.7 12.7 6.9 67.9 67.9 67.9 67.9 678
CMODS 12.9 12.9 12.9 81.1 61.1 81.1 61.1 81.1 611
Dissolve and Vitrify 12.9 12.9 12.9 20.9 23.9 2 | 3. 23.9 23.
Eledrometullurgical 121 12.1 12.1 59.6 59.8 59.6 59 59.6 59.6
Processing (Baseline) . 0.0 0.0 0.0 0.0 00 0.0 00 00 0o0

Total System Costs
Year 199_ 1997 199 1 2003 2 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 16
Direct Disposal 32.2 322 322 322 32.2 40.5 45.5 50.5 50.5 40.A 40.5 10.0 1. 10.0 10.0 10.0 I0.0 4.4 4.4 4.4 4.4
Co-Disposal 32.2 34.2 106.6 155.6 141.1 53:9 55.4 49.3 49.3 39.3 39.3 9.4 9.4 9.4 9.4 9.4 9.4 9.4 9A4 9.4 9.4
Press and Dilute (20%) 32.2 34.5 34. 45.2 123.2 154.4 130.8 70.0 77.5 73.4 73.4 63.4 63.4 13.4 13.4 13.4 13.4 18.4 18.4 18.4 1t.8
Press and Dilute (2%) 32.2 34.5 34.5 45.8 128.5 162.1 136.4 78.3 79.8 75.7 75.7 6s.7 65.7 14.4 14.4 14.4 14.4 19.4 19.4 19.4 12.1
Melt and Dilute 32.2 35.2 36.2 47.5 129.7 161.3 128.1 69.0 69.0 69.0 89.0 69.0 69.0 14.7 14.7 14.7 17 19.7 19.7 19. 12.5
Plasnu Arc 32.2 37.2 372 372 422 60.2 59.7 148.7 226.5 162.3 118.7 118.7 118.7 118.7 118.7 118.7 50.8 19.8 19.8 19.8 12.5
CMODS 32.2 37.2 37.2 37.2 422 64.6 S7.7 141.4 211.6 152.0 12.9 112.9 112.9 112.9 112.9 112.91 51.8 20.3 20.3 20.3 12.6
DissolveandVitrify 32.2 34.2 34.2 34.2 36.2 61.7 62.0 166.3 267.8 191.4 91.1 91.I 91.1 91.1 91.1 91.11 67 27.7 27.7 27.7 16.2
Electrometallurgical 32.2 36.2 36.2 36.2 54.5 61.1 115.6 186.7 141.5 99.8 99.8 99.8 99.81 99.8 99.8 40.2 91 14.1 14,1 14.0 39

Pcesn(Baseline) 33. 33.2 44.4 44.4 19.8 24.3 34.3 53.3 5 6.3 532 53.s 62.9A 4.7 20.1 20.a 5. 5. 1. 92 42.2 42.2



TableC9.0-5 Cash Flows
Sheet 2

Conceptual Costs
Yew 2017 2013 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2033 2034 2035 2036 2037 Tottl
Direct Disposal 4.4 4.4 4.4 44.5 44.5 44.5 44.5 44.5 44.5 44.5 44.5 14.3 14.3 14.3 14. 14.3 14.3 14.3 14.3 0.0 0. 990.
Co-Disposal 9.4 9.4 8.4 22.2 22.2 22.2 22.2 22.2 22.2 22.2 22.2 8.7 8.7 8.7 8.7 8.7 8.7 8.7 . 8.7 13.| 13.1 1107.
PressandDilute(20%) 11.8 11.8 10.8 18.1- 18.1 18.| 18.1 18.1 18.1 18.1 18.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 14.5 14. 1241.
Press and Dilute(2%) 12.1 12.1 11.1 -29.4 29.4 29.4 289.4 29.4 29.4 29.4 29.4 11.1 M 11.1 11.1 11.1 11.| 11.1 11.1 ¶5.0 Is. 1396.1

Melt and Dilute 12.5 12.5 11.5 13.0 13.0 13.0 13.0 13t0 13.0 13.0 13.0 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 12.0 12. 1199.1
Plasma Arc 12.5 12.5 11.5 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 12.0 12. 1472.
GMODS 12.6 12. 11.6 18. 18.0 18.| 18.| 18.0 18.0 18.0 18.0 10.0 10 10.0 10.0 10.0 10.0 10.0 10o 12.2 12. 1498.
Dlssolve and Vitr~ly 16.2 1682 15.2 21.7 21.7 21.7 21.7 21.7 21.7 21. 21.7 13.7 13. 7 13.7 13.7 13.7 13.7 12.2 12. 1805.

Electrometfllurglcal 3.9 15.1 14.1 11. 11.5 11.5 11.5 11.5 11.5 11.5 11.5 10.4 10. 10.4 10.4 10.4 10.4 10.4 10.4 11.3 1. 1231.
Processb(Baseline) 42.2 42 41.2 42.8 9.8 9.8 221. 9.8 9.8 9.8 9.8 5. 58 s 5. 58 58 55 55 30 3.0 1221

Relative Uncertaint-
Year 2017 208 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 22 2030 2031 2032 2033 2034 2035 2036 2037 Total
Dlrect Disposal 30 30 30 30 30 30 30 30 24.
Co-Disposal 3.2 3.2 3.2 3.2 32 32 3.2 3.2 67.
Press and Dilute (20%) 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 1563
Press and Dilute (2%) 3.1 3.1 3t 3.1 3.1 3.1 3.1 3.1 160.
Melt and Dilute 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 148
PlasmaArc 0.0 0.0 0.0 0. 0.0 0.0 0.0 0.0 4457
CMODS . .| 00.0 0.0 405f
Dissolve and Vitrify | o.o 0.0 0 o.o 0.0 o.o 180 0.
Electrornetfllurgicai 0.0 0.0 0.0 0.0 0.0 0.0 .0o 0.0 3941
Ptrocessing (Basdline) 1_2 1.2 1.2 1.2 1.2 ..2 1.2 ~ ___ … … … … … …………_122 9.

Total System Costs
Year 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 1202 2029 2030 2031 2032 , 2033 2034 2035 2036 2037 Total
Direct Disposal 4.4 4.4 4.4 47.5 47.5 47.5 47.5 47.5 47.5 , 47.5 47.5 14.3 14.3 143 14.3 14.3 ¶43 14.3 04.3 0.0 0. 1014.
Co-Disposal 9.4 9.4 8.4 25.4 2s.4 25.4 25.4 25.4 2S.4 25.4 25:4 8.7 8.7 . 8.7 8.7 8.7 8.7 8.7 8.7 13.1 13.1 1175.
Press andDilute(20%) 11.8| 11.8 10.8 20.5 20.5 20.5 20.5 20.5 20.5 20.5 20.5 . 8.1 8.1 8.1 8.1 8.1 8.1 8.1 8.1 14.5 14. 1394.

Press and Dilute (2%) 12.1 12.1 11.1 32.5 32.5 32.5 32.5 32.5 32.5 32.5 32.5 11.1 1I.1 11.1 11.1M IIA II 11.1 11.1 5.0M 15.0 1558.
Melt and Dilute 12.5 2.5 11.5I 13.0 13.0 13.0 13.0 13.0 13.0 13.0 13.0 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 12.0 12. t347.

mPlsma Arc 12.5 12.5 11.5 13.0 13.0 13.0 130 13.0 13.0 01 13.0 8.7 8.7 8.7 8.7 8.7 8.7 8.7 8.7 12.0 12. ¶918.
IMODS 12.8 12.8 11.6 18.0 ¶8.0 18.0 ¶8.0 18.0 81 I8.0 10.0 I0.0 10.0 ¶0.0 10,0 ¶0.0 ¶0.0 10.0 ¶2.2 ¶2. 1901.

|Dissoive and Vitrify 18.2 16.2: 5.2 21.7 21.7 21.7 21.7 21.7 21.73 21.7 13.7 ¶3.7 13.7 ¶3.7 ¶3.7 13.7 I3.7 13.7 ¶2.3 ¶2. 1988
Electrometallurgical 3.9 ¶S1A 14.1 11 1.5 11.5 11.5 11.5 I1.5 11.5 11 1 04 10.4 ¶04 ¶0.4 ¶0.4 10.4 ¶0.4 10.4 ¶1.3 II. ¶625.
Processin(Baseline) 1 42.21 42.2 41.2 44.01 1.0 1°1. 27228 11.0J 11.0 1 1.0 11.0 5.61 5.81 5.61 5.6J 5.6 S.6| 5.5 5.5 3.0 3. 2



10.0 Variations Considered

The Cost Team evaluated several variations on the operating concept process flow for each

technology. These variations are still quite conceptual in nature and have been reviewed to a

varying extent, depending on the time and resources available to the team. Cost evaluations were

performed to the degree practical to identify operating concepts which merit further study in the

near future.

.10.1 Point of Origin Packaging - SNF loaded into interim storage or disposal packages at

the reactor sites . -

An operating concept with considerable potential for overall system economy is the loading of

direct disposal packages at the reactor sites. SNF would be loaded directly into the small-

diameter co-disposal packages at the domestic or foreign research reactors. This would

significantly reduce work required at SRS, since loaded packages could be received and

transferred directly to on-site interim dry storage. If it is cost effective to also use the

transportation cask for interim dry storage, only a concrete pad and off-loading equipment would

be required at SRS. The operation of such systems would be very similar to commercial

canister-based systems used by several vendors for storage and transportation. Loading, welding,

and drying operations would be performed at the sending site by SRS personnel or by crews

trained by SRS personnel.

A similar concept would be the use of dual-purpose canisters or casks, also loaded directly at the

sending reactor site. In this case, the system would only be designed for interim storage and

transportation and would not be designed to interface with the repository overpack. Co-disposal

packages would not be used, and the fuel assemblies would be loaded directly into the cask.

Although the repository limits on the quantity of fissile material in each package would not be

applicable, small cask systems would likely be used to match handling limitations at the reactors.

This concept would also minimize the operations required at SRS, since the casks would be

stored on a concrete pad until they are transported to the repository. At the repository, the SNF

would be repackaged into a direct disposal package, since the storage and transportation cask was

not designed for the disposal function. This concept would also postpone the decision to

determine what eventually will, or will not, be determined acceptable for direct inclusion in the

repository.

Both these concepts are related to direct disposal methods. Cost impacts for these alternatives

have not been.explicitly evaluated. If adopted, no construction or operation of new facilities

would be required, and therefore savings could be significant. There will likely be significant

difficulties in implementing these options, since they do place many requirements on the sending

reactor sites. These requirements may not be enforceable for all sites, and unless there is almost

universal implementation of this option, there may not be enough impact to change overall

system construction and operation requirements. In addition, a system which requires

repackaging at the repository does not satisfy the overall working guidelines established for this

task force. This option should be explored to determine if it represents an alternative which

could reasonably be implemented.
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10.2 Use existing basins in lieu of building a new dry transfer facility

Another alternative operating concept would involve using RBOF and L-Basin to transfer SNF
into the direct disposal packages. This would avoid construction costs for a new facility, at the
expense of continuing the operating costs for these wet basins. This concept would require
construction of a Cold Vacuum Drying Facility (CVD) to dry and seal the packages. This CVD
Facility would be similar to the one to be constructed at Hanford for the N Reactor SNF dry
storage project. In addition, if uranium metal fuel is also to be accommodated, the CVD Facility
would require a major addition designed for hot vacuum drying, similar to the Hanford HVD
Facility for N Reactor SNF.

The operating flow for this concept is shown in Figure C 10.2-1. Package loading operations
would be performed in the cask pit area of the pool or in adjacent non-critical path pool areas to
enhance throughput. Once the loaded package is placed in the cask, the package' shield plug is
set in place, and the cask lid installed and bolted. The unsealed package is then moved in a
vertical position in the sealed cask to the CVD Facility. At the CVD Facility, draining, welding
and drying operations would be performed off critical path, then the package transferred to the
interim storage facility to await shipment to the repository.

An analysis was made of this option, comparing it to the direct disposal method since direct
disposal package dimensions are best suited to loading in the basin transfer areas. The team used
the assembly and cask throughput assumptions of Table C3.0-1 and Table C3.0-2, and the
material handling assumptions shown in Table C3.0-3. The material handling assumptions are
based on historical durations, and assumptions about system improvements which can reasonably
be expected, such as increasing the payload of the on-site CD casks.

The 'Cost Team calculated the time required to receive off-site shipments for each year, and to
trans-ship between RBOF and L-basin for those casks which do not fit in the L-basin receiving
area. Any remaining time during the year was allocated to wet loading of direct disposal
packages; It was assumed that RBOF' loads direct disposal packages holding 36 MTRE
assemblies, and L-basin loads direct disposal packages containing 24 assemblies. It was further

-assumed, based on SRS experience, that 16"work shifts are required to deliver, load remove each
direct disposal package from' the basin transfer area. In this manner, the backlog of assemblies
stored in the basins is worked off as available time permits. This analysis showed that at full
utilization, L-basin would work 21 shifts per week until it is de-inventoried in 2021. RBOF
operations could be scaled back to day-shift-only in 2017, but that facility would have to remain
in operation until 2035. Based on estimates for Hanford SNF, the CVD facility is'estimated at
$25 million capital cost, $4 million per year operating costs, and $3 million D&D costs. Table
C10.2-1 summarizes the costs associated with this option. The total system cost is $1740 million
compared to $1,362 million for the direct disposal option. On this basis, this alternative does not
appear cost effective due to increased costs resulting from additional operational time for the
existing basins.

Potential enhancements to improve through-put in the existing basins, which deserve further
consideration, include productivity improvements and use of additional cask pits. The current
through-put estimate is based upon historical handling durations for cask receipts in a
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Figure C10.2-1 Operating Flow for "No New Facility" Concept



Table C10.2-1
Direct Disosal (1100 Small Packa..es NO NEW FACILITIES

i________________________________ _ C itFront End Facility & Operations Back End Total
cost (R&DIv EauiD I (Unit Ops) M (D&D) T I

A Front End Storage Cost 0.0 15.0 960.7 0.0 975.7
- RBOF 471.0
- L-Basin 447.0
- Canisters I 15.0 42.7

B Treatment 0.0 56.2 145.0 o.0 209.2
- HVD Facility 31.2 25.0 5.0
- CVD Facility 25.0 120.0 3.0

C Packaging (with drying) and Ondits Handling 0.0 0.0 0.0 0.0 0.
- Transfer Facility
- Canisters

D Interim Storage 0.0 56.0 61.8 2.3 120.1
- Vault Storage 56.0 61.8 2.3

E Repository 30.0 0.0 0.0 0.0 30.
-Fee 30.0

F Repository 0.0 0.0 366.1 0.0 368.1
- Operations 368.1

G Transport to Repository 0.0 10.0 -26.7 0.0 36.
- Cask Development & Purchase 10.0
- Transportation Operations 26.7

TOTALS 30.0 137.2 15622 10.3 1739

Notes: Includes $61 million for U-metal Fuel HVD Facility.



non-production-infrequent receipt mode. The cask handling duration could possibly be
improved considering the production mode rate required to handle the FRR SNF. In addition,
moving the package sealing operations to the CVD facility could free up some critical path time
in the basins.

A significant factor to be considered in a decision to use the existing basins is their condition and
age. While they-are currently in good condition, the 2021 and 2035 cease operation dates,
respectively, for L-Basin and RBOF is a significant demand on these aging structures.

10.3 Expedite startup of the transfer facility

This alternative would expedite closure of the existing basins by proceeding with development
and construction of the new dry transfer and interim storage facilities as soon as possible, with
provisions to add on the treatment module at a later date. Initially, the SNF would be transferred
from the existing basins or received from shipping reactors, placed in a direct disposal package,
then temporarily placed in the storage facility. Once the treatment module started operation, the
temporarily stored SNF would be removed from the storage facility, treated, repackaged (if
needed), and placed in interim storage awaiting transport to the repository.

An analysis was made of the flow of SNF assemblies from the basins to the transfer facility, to
the interim storage facility, back to the transfer facility, through treatment, and back to interim
storage. The co-disposal option typically requires more packages than most treatment options.
Because of this, the analysis had the objective of ensuring that the transfer facility was fully
utilized, and that SNF was removed from temporary packaging as soon as possible. Three cases
were analyzed, one with a relatively late final treatment implementation (GMODS in 2006), one
with a relatively early treatment implementation (Melt and Dilute in 2003) and EM (start in
2005). EM was considered because no new storage facility would be required and therefore EM
is the technology that should reflect a worst case scenario for early startup of the transfer and
storage facility. Comparable differences would be expected for treatment technologies with
similar implementation dates to the first two cases. The differences in operation between the
base case for the three options, and this revised scenario were evaluated. Figure C10.3-1, C10.3-
2 and C10.2-3show the comparison of the operations of the alternate concepts.

For the cost comparison, it was assumed that co-disposal canisters used initially for direct
disposal packaging could be re-used for the final treatment technology, and that no additional
costs for canisters were required. Additionally, it was assumed that there would be no significant
change in the number of interim storage locations required, so the facility costs would be
constant for the transfer and storage facilities. It was assumed that the cost of building the
treatment module would be increased by 100% of the building costs, and 25% of the equipment
costs because of the difficulty involved in constructing nuclear facilities in phases. Early
implementation of the transfer and storage facilities would permit decommissioning of RBOF
and L-basin two years early for the Melt and Dilute option, five years early for EM and six years
early for the GMODS option. The remaining differences in cost are a result of the different years
of operations of the transfer and storage facility. Tables C10.3-1 and C10.3-2 summarize the
cost savings expected for the late (GMODS) technology and the early (Melt and Dilute)
technology, respectively.
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Figure C10.3-1 Comparison of Shift Requirements - GMODS
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Figure C10.3-2 Comparison of Shift Requirements- Melt and Dilute
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Figure CI0.3-3 Comparison of Shift Requirements - Electrometallurgical
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Table C10.3-1 Cost Effect of Early Transfer Facility Implementation (Late Technology)
(Millions of Dollars)

Facility Costs
Increased Difficulty Costs for Treatment 69.30
Module

Operating Costs
RBOF, L-Basin Operations 2007-2012 193.20
TF, SF 2001-2005 79.50

21 shifts like Co-Disposal
TF, SF 2006-2012 same same

21 shifts like GMODS

TF, SF.2013 15.40
21 shifts instead of 10 shifts like GMODS

TF, SF 2014-2015
5 shifts instead of 10 shifts like GMODS

TOTAL 164.20 207.20
NET 43.00

Table C10.3-2 Cost Effect of Early Transfer Facility Implementation (Early Technology)
(Millions of Dollars)

R~xVMSp__ Savinpgc
Facility Costs

Increased Difficulty Costs for Treatment 25.90
Module

Operating Costs,
RBOF, L-Basin Operations 2007-2008 64.40
TF, SF 2001-2002. 31.80

21 shifts like Co-Disposal
TF, SF 2003-2008 same same

21 shifts like M&D
TF, SF 2009-2013 same same

10 shifts like M&D
TF, SF 2014-2015 14.00

5 shifts instead of 10 shifts like M&D

TOTAL 57.70 78.40
NET. 20.70
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Table C10.3-3 Cost Effect of Early Transfer Facility Implementation (EM)
(Millions of Dollars)

Facility Costs
New Storage Facility
Increased Difficulty Costs for Treatment
Module

Operating Costs
1BOF, L-Basin Operations 2007-2011
2001-2004

21 shifts like Co-Disposal
TF 2005-2011

21 shifts like EM
SF 2005-2011

21 shifts like CO-D
2012-2013

10 shifts like EM
2014-2015

5 shifts instead of 10 shifts like EM
TOTAL

NET

$ 47.70
68.00

63.60

same

23.10

44.20

161.00

same

20.00;

198.90

17.90

181.00

These tables show that the increased facility cost required to maintain flexibility to choose a
treatment technology later, and the increased cost to double handle a portion of the SNF, could be
offset by the cost saved by closing the basins earlier. Within the assumptions used in the
analysis, the cost of these two alternatives are essentially equal. However, for most technologies,
a savings is reflected.. Use of less conservative assumptions in treatment module add-on costs
and consideration of additional factors, such as avoiding the risk of major maintenance
expenditures with earlier closure of the existing basins will likely reflect a savings for all
technologies. Therefore this option is worthy of further evaluation. The decision date for the
treatment module would have to support the design/build schedule shown for that technology
(e.g., For Plasma Arc, GMODS, and Dissolve and Vitrify, the design start date is 2001).

Because of the assumptions used in this comparison, great care should be exercised in the use of
these savings figures. The assumption about canister re-use will have relatively little impact on
the overall system costs. The assumption that the storage facility will remain the same size can
be conservative to un-conservative depending on the treatment technology that is ultimately
selected. The co-disposal technology generates a larger number of packages to be stored than
other technologies. If the follow-on technology is one with an especially small number of
packages generated, the size of the storage facility may need to'be increased to accommodate
storage of the co-disposal packages generated during early years. Table C10.3-4 shows the
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number of packages currently planned for several options, and the peak number that would be
required if the transfer facility is implemented early.

Table C10.34 Maximum Number of Canisters for Early Transfer Facility Implementation
Required Number of

Planned Number of Packages for Early
Treatment Technology Packages Transfer Facility

Implementation

Press and Dilute (20%) - 400 480

Press and Dilute (2%) 1300 1300

Melt and Dilute 400 480

Plasma Arc 400 860

GMODS 800 880

Dissolve and Vitrify 800 880

Electrometallurgical 0 690

When the increase in required packages, and therefore required storage locations, is
approximately 20% (e.g. P&D, M&D, GMODS, and D&V), the increase in the estimate for
storage facility construction and operations would increase by less than 5%. This would not
change overall conclusions, and would have negligible impact on the overall conclusion. For the
Plasma Arc option, the number of required packages, and therefore storage locations, increases
by 120% due to early implementation of the transfer facility. This could increase the
construction cost of the transfer facility by approximately 25%, and operations costs by 10%.
'The effect of this'change would be an addition of approximately $14 million to the system cost.
Again, this would not change the decision. In summary, early start of the Transfer Facility is an
attractive option, with the potential to provide a cost savings, that should be considered further.

10.4 Use the DWPF'Glass Waste Storage Building (GWSB) instead of a new interim
storage facility

The first GWSB will be filled by 2006 with existing DWPF commitments, and at least one more
GWSB will be needed, and more if repository shipments do not begin on schedule. Significant
extra GWSB storage space does not appear to be available, and thus, a savings is not apparent.
The cost of building additional GWSB storage should be approximately the same as building the
interim storage facility. Also, the GWSB is not designed for storage of fissile materials. The
Electrometallurgical and Processing options plan on using a nominal amount of space in the
GWSB for storage of their glass log waste forms. This has been accounted for in their cost
estimates by allocating incremental construction costs for the second GWSB to house the 90 to
120 logs these technologies would generate.
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10.5 Do not ship the INEL inventory of aluminum-based SNF to SRS

To assess impact on receipt and transfer facilities, the effect of not receiving the INEL fuel at
SRS was evaluated. INEL SNF is not scheduled for shipment until after the peak of the FRR
SNF shipments. Therefore, the facility requirements are already determined by the FRR
requirements. The only savings possible would be the cost of an additional shift operation for
two to three years. Something will have to be done at INEL for this material anyway, so this
would not be an overall system savings.

If the "no new facilities" alternative described in-Section 10.2 is adopted, deleting the
requirement to handle INEL SNF would enable the L-basin pool to be closed three years early,
saving approximately $50 million. Since this alternative costs an additional $500 million, as
compared to the new transfer facility option, this relative savings should not be a deciding factor.
There is therefore no economic incentive to avoid shipping INEL aluminum-based SNF to SRS.

10.6 Process the metallic uranium fuel

If metallic uranium fuel is included in Direct Disposal, Co-Disposal or Press and Dilute options,
a conditioning module (hot vacuum drying) would have to added to the transfer facility to
stabilize the fuel. Processing this fuel appears to be cost effective. The $61 million facility and
operations cost for a conditioning/HVD module greatly exceeds the estimated $30 million to
process the fuel based on WSRC-RP-95-798.

10.7 Increase the U-235 loading in the co-disposal packages

Current studies have suggested that if depleted uranium were added to the repository disposal
package containing the HLW glass logs together with the direct disposal fuel canister, the
effective enrichment of the disposal package could be reduced and the U-235 loading increased
from 14.4 to 43 kg. This alternative has the potential to reduce the number of packages for the
direct disposal options by approximately 30%, resulting in a significant cost savings in canister,
treatment, transportation and disposal costs.
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11.0 Comparison and Analysis of Results

The comparative cost components for each technology have been shown in the categories of Wet
Storage and Handling, Transfer and Packaging, Treatment, Interim Storage, Transportation,
Repository Fee, Repository Operations and Adjustments in Tables 4.2-1 and C9.3-2. Some
general conclusions can be drawn from inspection of these Tables. Cost differences much less
than one hundred million dollars are not significant.

*Wet Storage and Handling costs are simply a function of the estimated startup date for the
technology. As described earlier these dates. are 2001 for direct disposal methods, 2003 for HEU
dilution methods, 2006 for advanced treatment options, and 2005 for Uranium separation., The
longer a period of time that wet storage and handling are required in the existing basins prior to
the startup of the treatment facility, the greater the cost.

Transfer and Packaging costs vary little except that the baseline, reprocessing, enjoys the near
term advantage of not requiring the operation of a new facility. Direct disposal and press and
dilute are slightly higher due to the need for package venting. Also, technologies with more
packages have higher costs.

Treatment and Interim Storage are further broken down into R&D, Facility & Equipment,
Operations, and Relative Uncertainty in Tables C1 1-1 and C1 1.2.

Treatment costs vary the most. The least expensive technologies in this category are the direct
disposal options which have no additional costs for treatment. The treatment costs for press &
dilute and melt & dilute are significant and are also assessed moderate relative uncertainty costs.
Plasma Arc, GMODS and Electrometallurgical are expected to have significant treatment costs
and are subject to high uncertainty. Dissolve & Vitrify and Reprocessing have even higher
treatment costs but less uncertainty. -

Interim Storage are directly proportional to the number of packages and the length of time to be
stored. Electrometallurgical and Reprocessing have the advantage of sharply reducing the SNF
to be disposed of by separating and recovering Uranium. Electrometallurgical requires no
interim storage in new facilities because the resulting glass logs can be stored in the DWPF with
only a small added charge for storage there.

Transportation costs include an assumed fixed cost for cask system development of $10 million
and a cost of $160 thousand per shipment. The number of shipments for each category is shown
in Table C7.3-1.

Repository Fees are assumed to be $30 million for all technologies, based on a reasonable share
of repository development costs.

Repository Operation costs are a function of the number and size of disposal packages for each
-technology. See Table C7.3-2 for the unit costs.

Adjustments are made only for the cost of a Hot Vacuum Drying facility for those technologies
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which maintain Uranium metal and for the value of recovered U-235 for the two technologies
capable of recovery. The greater bonus assigned to the Electrometallurgical process versus
current Processing reflects the greater recovery expected with the former.
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Table C11.0-1
Treatment Cost Breakdown

Cost Items oR&D Facility & | Operations 0 & D Total1- _____________________________________________ Developm ent E u pm ent I .

Direct Disposal 0.0 0.0 0.0 0.0 0.0

Co-Disposal 0.0 0.0 0.0 0.0 0.

Press & Dilute (400) 15.0 31.4 180.3 4.0 230.7
- Treatment Facility (Treatment Module) 15.0 31.4 800.3 4.0o 0_ _ _ _ _ 0.0 0.0

Press & Dilute (1300) 15.0 31.4 180.3 4.0 230.7
- Treatment Facility (Treatment Module) 15.0 31.4 180.3 4.0O _ ,, 0.0 0.0 I

Melt and Dilute 20.0 52.9 197.1 4.0 273.9
- Treatment Facility (Treatment Module) 20.0 52.9 197.1 4.0

0 0.0 0.0
Plasma Arc 50.0 214.6 184.4 4.0 453.0

- Treatment Facility (Treatment Module) 50.0 214.6 184.4 4.0O 0.0 0.0 . . . I
GMODS 50.0 169.0 184.4 4.0 407.4

- Treatment Facility (Treatment Module) 50.0 169.0 184.4 4.0
0 _ _ _ _ _ _ _0.0 0.0 _ _ _ _ _ _

Dissolve and Vitrify 20.0 305.9 387.7 4.0 717.5
- Treatment Facility (Treatment Module) 20.0 305.9 387.7 4.0
- Adjustment for Relative Uncertainty __ 40.C 0.0 0.0 4.C 596.1

Electrometallurgical. 40.0 150.5 401.6 4.0 596.1
- Treatment Facility (Treatment Module) 40.0 150.5 401.6 4.0

0 _ _ _ _ _ _ _0.0 0.0
Processing 0.0 0.0 643.0 0.0 643.

- Canyon Processing Costs 234.4
- Canyon De-inventory Costs 198.0
- DWPF Glass Loa Charaes _ I 210.6 .



Table C11.0-2
Interim Dry Storage Breakdown

I R&D IFacility &
Cost Items I2 ;qOment J Eauimet Operations D & D Total~~~~Development Equipment

Direct Disposal 0.0 56.0 61.8 2.3 120.1
- Vault Storage 56.0 61.8 2.3

Co-Disposal 0.0 60.1 63.4 2.6 126.0
- Vault Storage 60.1 63.4 2.6

Press & Dilute (400) 0.0 41.1 54.4 1.4 96.9
- Vault Storage 41.1 54.4 i.4

Press & Dilute (1300) 0.0 58.5 61.1 2.5 122.1
- Vault Storage 58.5 61.1 2.5

Melt and Dilute 0.0 41.1 54.4 1.4 96.9
- Vault Storage 41.1 54.4 1.4

Plasma Arc 0.0 41.1 50.8 1.4 93.3
- Vault Storage 41.1 50.8 1.4

GMODS 0.0 49.9 53.9 2.0 105.7
- Vault Storage 49.9 53.9 2.0

Dissolve and Vitrify 0.0 49.9 53.9 2.0 105.
- Vault Storage 49.9 53.9 . 2.0

Electrometallurgical 0.0 3.0 0.0 0.0 3.0
- Vault Storage 0.0 - 0.0 0.0
- GWSB Incremental Charges . 3.0 . . -

Processing 0.0 20.5 27.7 1.5 49.7
- New Tran & Stor Facility (Trans and Pkg) 0.0 17.5 27.7 1.5
- GWSB Incremental Charge 3.0

(.



Appendix D
Direct and Co-Disposal Treatment Technologies

Direct and Co-Disposal Evaluation Team:

Terry Bradley, Duke Engineering &Services, Inc.

Ron Ballinger, Massachusetts Institute of Technology

Ray Conatser, Westinghouse Savannah River Company

Ashok Kapoor, US DOE EM-76

Tom McLaughlin, Los Alamos National Laboratory

Kent Parsons, Los Alamos National Laboratory

Note: The term "Co-Disposal" as used here refers to the Direct Co-Disposal Option
discussed in Volume I of this Report.
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1.0 Objective

This appendix provides supplementary information in support of the Direct Disposal and Co-
Disposal overview provided in Vol. I, Sec. 3.3.1.

This supplementary information is formatted consistent with the fact sheets presented at the
end of Vol. I, Sec. 3.3. The results of supporting analyses are summarized in this appendix
and the analyses included as attachments.

2.0 Approach

The technology required to implement the Direct Disposal Option has been in use for the dry
storage of spent nuclear fuel (SNF) at commercial reactors for several years. The objective
was to utilize these simple, proven systems and methods to the maximum extent possible.

3.0 Assumptions

The primary assumptions are as follows:

o The Direct Disposal system will be designed, constructed and operated in accordance
with US NRC requirements for interim storage (10 CFR Pt. 72) and transportation (10
CFR Pt. 71).

o To satisfy repository criticality control requirements, the maximum per-package fissile
content will be limited to the values defined in Vol. 1, Sec. 3.1.

o Nominal characterization activities, summarized in Vol. I, Sec. 3.2 and described more
* fully in Sec. 4.0 below, will be required upon receipt of SNF.

4.0 Direct Disposal in Small Packages

Description

Direct disposal involves packaging and drying the SNF assemblies, placing the assemblies in
interim dry storage at SRS, then, upon availability of the repository, transporting the packages
to the repository. At the repository, the packages would be placed in a corrosion-resistant
disposal overpack immediately before placement into the repository.

The dry storage facility maintains the SNF in a stable, non-degrading condition, and
incorporates passive systems with minimal operating and maintenance requirements. By also
considering transportation and repository disposal requirements in the design of the interim
storage system, the package can be stored in a road-ready condition for later direct
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incorporation into the repository. Specially designed casks would be used for on-site transfers
and for transportation from SRS to the repository. At the repository, the SNF would not
require repackaging,' as the entire package would be placed inside the disposal overpack prior
to placement into the repository.

Products

A review was conducted of the inventory of SNF which must be. accommodated, and for each
type of SNF,-a proposed package configuration was selected. Att. IID-4 shows the package''
configurations considered in the'study for both the Direct Disposal and Co-Disposal options.,
The final Direct Disposal package sizes are defined in Table 4.0-1. Inspection of these
packages shows that the sizes are shaped by the repository limits on fissile material content
(14.4 kg U235 for HEU and 43 kg U235 for LEU) for each disposal package. Also, the
small package diameter better accommodates fuels with higher decay heat loading within the
200C peak clad temperature limit (See Att. IID-2) and better accommodates the configuration
limits of the existing basins . This results in a larger quantity of smaller packages, as
compared to the packages typically used for commercial SNF. Table 4.0-1 summarizes the
estimated number of package types and representative loading densities (assemblies. per
canister for MTR type SNF).

Table 4.0-1 - Quantities and Loading Densities for SNF Packages

Option Type A Type B Type F
Option (24"dia. x 10') 24"dia. x 16') (24"dia. x 5')

. Direct Disposal' 80 3701 6502
(32 assy/can) (64 assy/can) (24 assy/can)

' Includes. 70 Type B packages with 16 assemblies each (long fuel, e.g.'NBSR,
EBRII, TRR, -Slowpoke, KMRR).

- .2 One assembly per package for HFIR, RHF and some other special fuels, due to
repository limitations.

Att. IID-3 provides a more detailed description of the package sizes selected by fuel type and
a description of the alternate packaging scenarios considered.

The package dimensions selected can be accommodated by all commercially available dry
storage and transportation systems. With a vault type storage system, used in combination
with a dry transfer facility (packages loaded and sealed remotely), the shield plug, located on
the top of each package, could be deleted if similar handling capability is provided'at the
repository. All available storage systems are expected to be cost competitive.
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Secondary Streams

Except for the non-fissile material containing portion of the SNF assemblies, which are
cropped, there are no secondary waste streams associated with direct disposal. The
assemblies are typically cropped at the sending site to increase transportation efficiency..

-Criticality Implications

Repository:

Direct Disposal will result in the.placement of highly enriched SNF in the repository, relying
on U235 mass content limits, addressed in Vol. I, Sec. 3.1, and spatial distribution to reduce
the probability of a criticality. Additional repository considerations are addressed in App. E.

Storage and Transportation:

Direct disposal packages will be provided in accordance with NRC requirements for interim
storage (10 CFR Pt. 72) and transportation (10 CFR Pt. 71). Neutron absorbing materials will
be required in the internal package structure to meet criticality acceptance limits (Keff less
than 0.95 with allowance for bias and uncertainty). Additional details are presented in Att.
IID-4.

Proliferation Resistance

,The fission products are contained in the direct disposal packages, such that the packages are
self-protecting.

A summary of the Safeguards and Security Requirements applicable to the interim storage
and transportation of aluminum clad foreign research reactor (FRR) SNF is presented in Att.
1ID-5.

Technical Maturity

Direct disposal technology is in wide use in commercial SNF dry storage applications.
Significant experience has been accumulated with the systems and procedures that would be
employed on the FRR SNF. With the direct disposal packages dried and filled with inert gas
prior to placement in interim storage, corrosion during interim storage is arrested; The
primary area of uncertainty during interim storage is associated with the radiolytic
decomposition of bound water and the resulting pressure increase in the package. The
following discussions present a) the results of an analysis of this pressure increase, which
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concludes that the drying processes used for the drying of commercial SNF is sufficient to
maintain pressures during interim storage below direct disposal package limits with
considerable margin and b) the recommended approach to characterization requirements..

Drying and Pressure Buildup Issues:

During the drying process all free water will be removed from the fuel. However, bound
water will still remain either in the form of hydrated oxides or in the form of chemisorbed
water. This water will eventually be released as a result of radiolytic decomposition to form
hydrogen and oxygen'. The oxygen released will be consumed in the formation of other
oxides. However, the hydrogen will remain and will combine with the fill gas to result in an
increase in pressure in the storage container\package. This process has been modeled with
results summarized in this section and details presented in Att. IID-6. Att. IID-6, Figure 2.1-
36 shows a plot of the Free Energy vs. Temperature for hydrated oxides which could be
present on the fuel. Att. IID-6, Figure 2.1-35 shows the partial pressure of water over
potential oxides as a function of temperature. Based on the Free Energy calculations and
typical drying pressures, the only hydrated oxide, which will not be decomposed, is the
aluminum oxide mono-hydrate.

Att. IID-6, Figures 3.0-1, -2, -3, & -4 show the evolution of conditions in the package for a
typical fuel element loading (32 elements, free volume of 9.4 cubic ft)., and an oxide
thickness of 0.0002 in. (0.0005 cm). The ultimate pressure in the package is just under three
atmospheres.

Att. IID-6, Figure 3.0-4 shows the terminal pressure in the package as a function of fuel
surface oxide thickness for several package free volumes. The oxide thickness ranges
modeled bracket the expected fuel conditions.

Based upon this analysis, it is concluded that fuel drying will be adequate to prevent
excessive pressure buildup during dry interim storage.

Chaactriation Requirements:

The approach to characterization requirements used in this study, and which the Team
believes are adequate, are summarized in Vol. I, Sec. 3.2. A more detailed discussion of
these requirements is presented in Att. IID-7.

Limitations of Direct Disposal

Direct disposal is not suitable for powdered SNF (Sterling Forest Oxide and Mo targets).
Also, for direct disposal of the Umetal SNF (EBR II, TRR), a conditioning\HVD Facility
must be added, similar to the HVD Facility under development for the Hanford N Reactor
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SNF Dry Storage Project. The addition of the facility would add significant complexity and
cost to the project for this limited quantity of SNF (-6 cu. in). An alternate approach, to
transport the Umetal SNF to Hanford for conditioning and storage at Hanford, is also an
undesirable option.

While the technical basis of placing HEU in the repository is well-founded, the licensability
of this concept is less certain,.as noted in Vol. I, Secs. 2.2 and 3.1, because the regulatory
review process has not started for these fuels..,

Once the SNF is stored in the direct disposal packages, there is no simple method to sample
and characterize the fuel. Thus, adequate characterization must be demonstrated up-front to
avoid re-handling.

Facilities and Operations

The existing basins, the Receiving Basin for Off-Site Fuels (RBOF) and L-Basin,. will be used
for receipt and interim wet storage until a new dry transfer and dry interim storage facilities
become operational. Once the dry handling facilities are available, all deliveries will be
directed to the new facility, which will be sized to handle the required throughput to receive,
package, dry, and loadout to interim storage, as well as, timely reduction of wet storage
inventories so that wet storage basins can be decontaminated and decommissioned as soon as
possible. The new dry transfer facility will include a module designed for hot vacuum drying
of uranium metal SNF if these fuels are included in direct disposal.

These facilities and operations are summarized in Vol. I, Figures 3.2-1, -2 and -3. A more
detailed description, including alternatives evaluated, is presented in App. C.

5.0 Co-Disposal with Vitrified Defense High Level Waste

Co-Disposal is similar to Direct Disposal, described in Sec. 4.0 of this appendix, except the
package size is varied to take advantage of unused space and the unused U235 mass content -

capacity in Defense High Level Waste (DHLW) repository waste packages. The Co-Disposal
package is -17" dia. x 10' feet long and loaded to accommodate the repository U235 limits.
These packages are loaded, sealed, dried, placed in interim storage at SRS, then shipped to
the repository the same as Direct Disposal packages. However, once the Co-Disposal
package is received at the repository, it is included in a repository waste package with 5
DHLW glass logs as shown in Vol. I, Figure 3.3-2.

Due to the smaller diameter (17" dia. vs 24" dia.), more waste packages are required for Co-
Disposal (1400), as compared to Direct Disposal (1100).
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The summaries of products, secondary streams, criticality implications, proliferation resistance
and technical maturity information, provided in Sec.4 of this appendix for Direct Disposal, are
also applicable for Co-Disposal. However, in respect to criticality implications, the DHLW
glass logs within the repository overpack may provide an added benefit in the criticality
analysis.

Co-Disposal has the same limitations, as described in Sec. 4 of this appendix, for Direct
Disposal. In addition, Co-Disposal has the limitation that the l7" dia. package is very close- .
to the minimum diameter required to store the HFIR and RHF fuels. If a problem is
confirmed, options for resolution include use of a package with a slightly larger diameter and,
if this is not possible, using a longer repository waste package with short packages, containing
the HFIR\RHF assemblies, placed at the ends of the DHLW glass logs, as shown in Att. IID-
1, Co-Disposal Concept B (Type F Pkg.). The larger Co-Disposal Concept B waste package
would be the same size as currently planned for large diameter multi-purpose canisters (MPC)
for commercial SNF.

In respect to cost, Co-Disposal has a significant advantage in repository operations cost, due
to sharing waste packages with the DHLW. These costs are presented in App. C.

A significant attribute of the Co-Disposal concept, is that it can be used in combination with
all the alternative treatment technologies, resulting in significant cost savings..
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Attachment IID- 1

Direct Disposal Package Configurations



Attachment IID-4
Direct Disposal Package Configurations
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Attachment lID-1
Direct Disposal Package Configurations (Continued)
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Attachment IID-I
Direct Disposal Package Configurations (Continued)

Pkg. F(! Same as Pkg. A, except Length = 5")
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Attachment lTD-1
Direct Disposal Package Configurations (Continued)
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Attachment IID-2

Thermal Evaluation of Direct Disposal Packages



MEMO
To: Terry Bradley. Ray Conatser

rtorn: J ohn McConaghy
Subject: Thernal Evaluations of RRSNF Canisters
Date: March 18, 1996

I spoke today with Hector Guena, who works with Dave Muhlbaier at SR.S We had asked Dave
whether the proposed configurations for Research Reactor SNF could be engineered to ensure
that the peak clad temperatue remains less than 200C. Hector's assessment is shown below..

Based on comparison to previous analyses of dry storage options. five-year old MTRE SNF with
typical heat output of 20W would be acceptable for configurations shown in packages A, R, and F
by direct companison. For three-year old MTRE SNF. the heat load increases by a factor of about.
3 (63W). This could be engineered for the configurations proposed, but we would not be able to
fill all the slots in a given canister. That is, we would have a'set of loading rules for canisters with
newer SNP.

For HFEIR SNF, with significantly higher heat loads, as long as we follow our current concept of
one HFIR per canister, he can agree that canisters type A. B, and F can be engineered to dissipate
heat rapidly enough to keep the peak clad temperature below 200'C.

The large and small MPC configurations (Packages C and D) are too close to call without
extensive analysis. Since the thermal limit for commercial SNF is significantly higher, we cannot
conclude that configurations C and D are OK. Since we did not select these MPC configurations
in the analysis of different options, this does not affect our outcome.
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Direct Disposal and Co-Disposal Package Estimate



Direct Disposal and Co-Disposal Package Estimate-

The development of sizes and numbers of packages was an evolving process. The objective
was to develop packaging concepts and a rough estimate of the number of packages required.
Beginning with the best available information on the many types of fuels, the maximum per-
package fissile material content, and facility handling limitations, the first selection of
package sizes and numbers was completed and summarized in an estimate, dated 3\6\96. A
copy of this estimate, which also presents the assumptions, methodology, and observations,
follows this summary.

Subsequent to the 3\6\96 estimate, a combination of revised fuels information and
optimization allowed the package counts to be reduced by -10%.

For Direct Disposal, revised MTR straight-plate type fuel assembly cropped length
information (reduced assumed cropped It. from 32" to 26") permitted the storage of these
assemblies 5 high in lieu of 4 high in a Type B (16') Package, resulting in a decrease of 40
Type B Packages. The number of Type A (10') Packages was unchanged, as the number of
assemblies per-package was primarily controlled by the fissile material limits. Also, a review
of the 3\6\96 estimate indicated the fuel could be packaged more efficiently by
mixing\adding MTR assemblies with low Kg U235 loadings to packages containing a single
HFIR or RHE assembly, thus, increasing the fissile material content up to the 14.4 Kg limit.
This resulted in the reduction of 100 Type F (5') Packages. The number of packages defined
in the 3\6\96 estimate and the evolution to the final package estimate is summarized as
follows:

Direct Dposal
PtackagCount

Basis\Change 'Type A p I TypeTal

3\6\96 Estimate 70 402 745 1217

MTR - 32" to 26" lt.' -40

Mix HFIR\RHF with MTR -100

Final Numbers (Rounded) 80 370 650 1100

For Co-Disposal, the final package configuration (-17' dia. x 10') was identified and selected
after the 3\6\96 estimate. The package count was developed considering that a 3x3 assembly
array could be stored in the 17" dia. package, as compared to a 4x4 assembly array in the
larger 24' dia. Direct Disposal packages. With this 16\9 ratio applied to the Type A and B
Direct Disposal Packages, the resulting number of Co-Disposal packages was determined to
be 1400.
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SRS - FRRTT
Direct Disposal Options
Packaae\Canister Estimate

summary\Assumptions
(3\6\96)

This document summarizes the evaluation and assumptions leading
to the selection of package sizes for the Direct Disposal in
Individual Waste Packages (DD) and Direct Disposal with DWPF LLW
Packages - Co-Disposal (C-D) options.

Assumptions are as follows:

1) 'Direct disposal limits of HEU = 14.4 kg\pkg. and LEU = 43
kg\pkg (Ref. Assessment of Technical Issues and Cost for
Direct Disposal of FRR, Rev. 0, Dec. 1995, A00000000- 01717-
5705-00010).

2) All assemblies that are typically cropped (eg MTR fuel) will
be cropped.

3) The estimate of total packages is intended to be bounding.
The MTR fuel is segregated into 8 groups based upon Kg
U235\asy.

A summary of attachments and content of each is as follows:

Att. 1 - Package Sizes Considered
Att. 2 - Package Summary by Fuel Type
Att. 3 - Package Selection Details

Table - DOM - Domestic (Summary)
'-- - FRR - FRR (Summary)

- DETDOM - Domestic (Detailed)
- FD - Fuel Dims.\Packing Data

Att. 4 - Packages Selected
Att. 5 - Alternate Packaging Scenarios Considered

Observations:

1) The repository Kg U235 limits drive the DD and C-D packages
to the smaller sizes and greater quantities (.1200
packages). As a basis for comparison, the minimum number
using package size as the limiting constraint would result
in the use of -160 large diameter MPC type packages.

2). Use of only the C-D Concept A (Each C-D package contains 4
Type G packages and 4 DWPF HLW packages) is not a viable
standalone concept, as - 3000 C-D packages would be required
and only - 1600 are available.



2.

3) Co-Disposal using a combination of Concept B Packages (1060

required with each pkg. containing up to 4 Type F pkgs. and

4 DWPF glass logs) and Concept A Packages (280 required with

each package containing 4 Type G pkgs. and 4 DWPF glass

logs) is a viable option. A total of -1350 C-D pkgs. are

required and -1600 are available. The Type F pkgs. would be

used for the shorter fuels and the Type G pkgs. for the

longer fuels.

4) The use of small package sizes increases the possibility

that the packages can be loaded at the sending site such

that the need for repackaging and transfer facilities at SRS

can be minimized (egs. Type F pkgs. loaded at the sending

site and transported in dual purpose (transportation and

storage) casks; Type F pkgs. loaded at the sending site,

transported to SRS, then transferred to another storage

mode). [Note: The capacity of Type F pkgs. would be cut in

half for MTR fuels if the asy.s could not be cropped at the

sending site.]

TLB-3\6\96
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ATTACHMENT 2

Grand Total - Domestic + FRR

Co - Disposal
ConcevtLRConcent Aor

# Asys. A Pkgs. B. Pkgs.

HEU-Domestic
-FRR

LEU-Domestic
. -FRR

HEU+LEU

15,082
15.597
30,679

2,112
6.137
8,249

38,928

26
35
61

9
Q
9

70

157
120
277

27
-98
125

402

475
249
724

21

21

745

1327
25

2262

178
.521

699

2961

522
395
917

1132

1998

44
19

139

108

488

1056 2486
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ATTACHMENT 2

Totals - Domestic

Co- Disposal
t .t-~ n f' f Aln t

%....1JLi�A..jJL UL - JLJ��JJL L)

FPkgs. #F Pkgs.

HEU-MTR
-ATR
-ARMF
-HFBR
-GENTR
-NBSR
-HFIR
-TSR
-RHF
-Sterl.

-Sterl.

.9112
3900

85
220

32
880
162

1
4

200
asy.bands.

226

17

1

129
213

1
4

28

689
371

6
14
2

220
n/a

1
2

159
165

.5
3.5

.5
n/a
162
.25

2
19

578
330

2
16
2

n/a
162

1
2

19

162
1
2

1 1

7
pow.can

15,082 26

LEU-MTR -
U Metal - EBRII

-TRR

Total - Dom. =

1849
. 120
,143.
2112

17,194

9
* n/a

n/a
9

35:

157

9
14
4

- 27

*184

475

21

21

496

1,327

143
30

178

1,505

522

44
n/a
n-a
44

566

1,132

108
n/a

nIL

108

1,240

-, tlb\D&FRR.gti



.ATTACHMENT 2

Totals - ERR

Co - Disposal
IConncent BCrnntnt A

v,,Ws,,, . _V.. Rae

# As. A Pkgs. B Pkgs. F Pkgs, #C-D IPkg5.- #E14kas.

HEU-MTR
-Slowpoke

8,682
14

35 - 84 68

-RHF 181
-Canadian Target 6,720

n/a
1*

n/a
35

725
2

n/a
210

181

187
n/a
181
27

95
n/a

577
n/a
181
108

380
n/a

LEU-MTR
-KMRR

5,969
168

95
- ~~3

499
22

Total - FRR 21,734 35 218 249 1458 490 1246

tIb\D&FRR.gtI



ATTACHMENT 2
4

Storage & Transport Only (For Comparison QnIv)
Large Dia. MPC's with Poison - No. kg .U235 Limit

Domestic 9 4

FRR - 67

161 -Large Dia. MPC's

or

282 - Small Dia. MPC's

or

-1200 - Dual Purpose Casks (DPC) (32 asy. each)
+ 25 B Pkgs.
(DPC's provided to FRR's such that the fuel
is received at SRS in the DPC's)

The fuel would be repackaged once received at the repository per kg U235 limits, as required.

tlb\totals.frr
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(

I ~~D O M
l)ry Storage OQpions

Estimate of Total No. of Pkgs. - Domestic (Sumniary)
(3\01\96)

f

Direct Direct Direct Direct Co- Co- Co- Co- Stor. & Fuel
.__________ ._ _ , I)ispo. I)ispo. I)ispo. I)ispo. Dispo. Dispo. Dispo. Dispo. Trans. Type

Wt:ll ID U235°N5 Kg.s\ # Max. Pkg. Asys.\ # Pkgs. Con. A Con. A Con. B Con. B #
Asy. Asy.s Asy.s\ Option Pkg. Req'd 4-C's 4-G's 4-F's 4-1;'s of D

2006 I'kg Asy.s\ # C-D Asy.s\ # C-D Pkgs.
C-D Pkgs. C-D Pkg.s Req'd

.________ .______ _______ _______ Pkg. Req'd Pkg - Req'd *

MlRI IIEIJ .1-.2 616 96 13 64 14 12 73 64 14 3 MTR
avg. = (56) Group

._ _ _ _ _ _ _ _ .15 . . . 1
MTR2 IIEU .2-.3 6551 57 B 57 115 12 547 57 116 20 MTR

avg. = (464) Group
__ __.25 . 2

MTl3 HIIU .3-.4 45 41 A 41 2 12 4 41 2 0.00 MTR
avg. . (4) Group

________ ~~~~.35__ _ __ _ _ _3

MTIUR4 IIlJ .4-.5 471 32 1- 32 15 12 40 32 15 2 . MTR
avg. (30) Group
.4 5 _ _ _ __ _ _ _ _ _ _ __ _ _ __ _ _ _ 4

MTR44 I11 I >4S 1429 F 82 25 12 5
. . . . ~~~~~~~~~~~~~~~~~~~~~~~~(24)

tlb/sdorusumn. 301 Page 1 *. No. in ( ) =
No. of Type F pkgs. req'd



IDrv Storage jitions
. Estimate of Total No. of Pkgs. - Domestic (Sunmarv)

- (3\01\96)

_ .- I~Direct Direct Direct Direct Co- Co- Co- Co- Stor. & Fuel
. . .I)ispo. I)ispo. Dispo. Dispo. Dispo. Dispo. Dispo. Dispo. Trans. Type

Item 11) 0235% Kg.s\ # Max. P'kg. Asys.\ # Ikgs. Coni. A Coni. A Coni. 1 Con.1I #.
Asy. Asy~s, Asy.s\ Option Pkg. Req'd 4-c's 4-F's 4-F's 4-F's of D

2006 Pkg A A Asy.s\ Asy.s\ C-D Pkgs.
C-D C-D C-D Pkgs. Req 'd

._______ .______ _______ Pkg. M g. Pkg. Req'd*

MTR5 LEIJ .1-.2 412 287 B 64 7 12 35 64 7 2 MTR
avg.= (28) Group

_______ _ .15 .______ ____ _ .. 5

MTR6 LE:I .2-.3 133 172 B 64 2 12 12 64 3 1 MTR

avg. = (12) Group
.25 . . . . 6

MTR7 IlU .3-.4 2 122 B 64 0.00 12 0.00 64 0.00 I MTR

avg. Group
_ _ _ _ _ _ _ _ _ .35 _ _ _ _7

MTR8 LEU .4-v5 0.00 95 B 64 0.00 12 . 0.00 64 0.00 0.00 MTR
avg. Group

.45 : . ._._. 8
MT1 R8' . . LEU >.45 1300 F 21 96 34 4

=________ ==______ ________ =_______ ===_____ ==______ (68) ==

t 1b/sdoms um . 301 Page 2 * No In ( ) =
4No. of Type F pkgs. req'd

(



( (

I D O m
Dry Storage Opfions

Estimnate of Total No. of Pkgs. - Domestic (Summonai)
(3\01\96)

(

.)irect Direct Direct Direct Co- Co- Co- Co- Stor. & Fuel

. )ispo. D1ispo. I)ispo. Dispo. Dispo. Dispo. DIispo. Dis po. Trans. Type

Item ID' l235% Kg.s\ # Max. Pkg. Asys.\ Pkgs. Con. A Con. A Con. B Con. B #
Asy. Asy.s Asy.s\ Option Pkg. - Req'd 4-O's 4-F's 4-F's 4-F's Of )

2006 I'kg .Asy.s\ Asy.s. Asy.s\ # C-D Pkgs.
C-D C-D C-D Pkgs. Req'd

._______ .______ _______ Pkg. Pkg. Pkg, Req'd

7 14 79.45 .6 128 27 F 18 7 8 16 27 4.7 1 ATR
._ _ _ _ _ _ ._ _ _ _ _ _ ._ _ _ _ _ _ _ _ _ _ _ _ _ ( 1 0 ) .

12 15 82.48 .7 808 20 F 20 41 8 101 20 41 6.4 ATR

.I _ . (82)

21 16 86.58 .8 2964 18 F 18 165 8 371 18 165 24 ATR
. _ _ _ _ _ _ ._ _ _ _ _ _ .__ _ _ _ _ (3 3 0 )

1X 90.02 .01 15 A 1 6 .5 I ARMF
16 9 93.11 .19 56 (2)
17 1(0 93.22 .11 2
18 1 1 81.1( .12 8
19 12 91.67 .02 4

13 102 79.41 .21 220 69 B 69 4 16 14 64 3.5 1 I Fr-BR
.__ _ _ _ _ _ _ , ._ _ _ _ _ .__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ( 1 6 ) .

23 97 93.00 .23 32 62 A 32 1 32 .5 GENTR
._________ .______ ______ _ _____ __ ____ ___ ___ ____ __ _____ _ ______ ____ _ (2)

24 154 81.02 .11 880 130 B 32 28 4 220 n/a' n/a 5.2 NBISR

t. I b/ sd -ljIns I III. )l 0 gPage 3 * No. i n I ) =
fNo. of Type F pkgs. req'd



DOM
IDy Storage Options

F.sliniate of Total No. of Pkes. - I)omestic (Summay)
(3\O1\96)

.)irect Direct Direct Direct Co- Co- Co- Co- Stor. & Fuel
._ _ ._ _ Dispo. I)ispo. Dispo. Dispo. Dispo. Dispo. Dispo. Dispo. Trans. Type

Iekm 11) l1235% Kg.s\ # Max. ' Ikg. AsysA # Pkgs. Con. A Con. A Con. B Con. B #
Asy. Asy.s Asy.s\ Option Pkg. Req'd 4-C's 4-F's 4-F's 4-F's of D)

2006 Ilkg Asy.s\ Asy.s\ Asy.s\ # C-I) IPkgs.
C-D C-D C-D Pkgs. Req'd

.____.__ ____.__ Pkg. Pkg., Pkg. Req'd _

25 103 93.13 9.4 162 I F 1 162 n/a n/a 1 162 8.1 IIFIR

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _._ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ (162)

28 270 93.48 8.6 - 1 F I I I .25 TSR

.~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~____ '____ ' . ,__.:,. (1) .____

29 38 86.96 i.l 19 13 CX

30 211 96.92 12.2 18 1 SPR III

31 212 96.77 30.0 1 0 SPR 1,

47 179 81.44 5.2 4 2, F 2 2 2 *2 RI IF

. ~~~~~~~~~~~(2)

51 226 84.96 .73 200 1 9 1F 19 _i 19 _1 19 19 2 Sterling

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ 10 9 ) _ _ _

t] b/sdomsumr. Ju 1 Page 4 I *tlo. in ( ) =

No. of Type F pkgs. req'd

Q



( (

DOM
D1y Storage Options

Estiniac of Total No. of Pkgs. - Domestic (Summnary)
(3\01\96)

(

Direct Direct Direct Direct Co- Co- Co- Co- Stor. & Fuel
________ _______ l)ispo.. Dispo. Dispo. Dispo. Dispo. Dispo. Dispo. .Dispo. Trans. Type

licit] 11) ll235% Kg.s\ # Max. Pkg. Ass.\ # Pkgs. Con. A Con. A Con. B Con. B #
Asy. Asy.s Asy.s\ Option Pkg. Rcq'd 4-C's 4-Ps 4-Ps 4-F's of )

20)06 Pkg. Asy.s\ Asy.s\ Asy.s\ # C-D Pkgs.
C-D C-D C-D Pkgs. Req'd

._______ _______ _______ Pkg. Pkg. Pkg. Req'd

52 225 92.69 .45 226 32 A 32 7 4 57 32 Sterling

37 59 .25 2.0 120 21 B 9 14 4 n/a n/a 6 EBR 11
cans U metal

53 269 .63 1.( 143 43 B 43 4 20 n1/a .1/a T.I
. metal

t. Ib/ sd Jlln. 1 m Page 5 * No. iII ( 1 =
No. of Type F pkgs. req'd



Dr1y Storage Options
l.stimate of Total No. of Ilkes. - ERR

(3\0 1\96)

Need.t Direct Direct Direct Co- Co- Co- Co- Stor. & Fuel

I_______ .________ ________ I)ispo. D)ispo. I)ispi. I)ispo. I)ispo. I)ispo. I)ispo. I)SDO. Trans. Type

| leni 11) lJ235 Kg.s\ # Max. Pkg. Asys. # Pkgs. Con. A Con. A Con. B Con. B #

% Asy. Asy.s Asy.s\ Option 'lkg. Req'd 4-G's 4-G's 4-F's 4-F's of I)
.2006 Pkg Asy.s\ # C-D Asy.s\ # C-D Pkgs.

C-D Pkgs. C-D Pkg.s Req'd
- .______ _______ Pkg. Req'd Pkg. Req'd *

MTR I IIEU .I-.2 3415 96 B 64 54 12. 285 64 54 11 MTR

avg. = (216) Group

.15 I__ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _

MTR2 IIlJ .2-.3 1684 57 B 57 30 12 141 57 30 5 MTR
avg. = (120) . Group

__ _ _ _ .25 * 
_ _ _ _ 2

MIR3 I IIU .3-.4 1417 41 A 41 35 12 118 41 35 5 MIR
avg. (105) Group

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~.3 5 _ _ _ __ _ _ _ _3

MlR4 I IIU .4-.5 2166 32 F 32 68 12 181 32 68 7 MTR

avg. = . (136) Group

.45 . . . 4

MTR5 LEIJ .I-.2 1312 287- B 64 21 12 110 64 21 4 MTR
avg. = (84) Group

====-==__ ____ * .15 =_= == __5

t *' %'d:lf t I . JC I Paqe 1 * Ho. In C =

No. of Type V F)Vqg.( i~
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(

FRR
Dlr Storage Options

Estimale of Total No. of Pkgs. - FRR
(3\01 \96)

(

.)irect Direct Direct Direct Co- Co- Co- Co- Stor. & IFnuel
-.- - - - I)ispo. I)ispo. Dispo. I)ispo. Dispo. Dispo. Dispo. Dispo. Trans. Type

ltemi If) 11235 KgAs\ # Max. Pkg. Asys.\ # Ikgs. Con. A Con. A Con. 13 Con. B #
% Asy. Asy.s. Asy.s\ Option Pkg. Req'd 4-G's 4-G's 4-F's 4-F's of 1)

2006. l'kg Asy.s\ # C-D Asy.s\ # C-D Pkgs.
C-D Pkgs. C-D. Pkg.s Req'd

.______ .______ _______ _______ Pkg. R eq'd 1'kg. R eq'd *

MTR6 .IEJ .2-.3 1186 172 B 64 19 12 99 64 19 4 MTR
avg. (76) Group

_ _ _ _ .2 5 _ _ _ _ _ _ _ _6

MTR7 I.EIJ .3-.4 1118 122 B 64 18 12 94 64 *18.. 4 MTR
avg. = (72) Group

.______ .35 . - ,' . .. 7
Mi1R8 LEl1 .4-.5 2353 95 B 64 37 12 196 64 37 7 MTR

avg. = (148) Group
.45 . 8

Slow IlEU .44 14 32 B 14 1 n/a
poke . .

RIlIF IDEU 8.5 181 1 F 1 181 n/a n/a I 181 12
. . . . . ~~~~~~~~~~~(181)

KMRR. I IEU .1-.25 168 172 B 64 3 8 22 n/a n/a I

Canad. I fEU .04 6720 360 B 192 35 32 210 256 27 7
Target . . . (108)

1.J i \,\; J., f r . R : 1 P gPage 2 * No. in ( ) =
No. of Type F pk<-. req''t



- . ~DETDOM
Dry Storage Options

Eslimate of Total No. of Pkgs. - Domestic (Detailed)
(3\0 1\96

.)irect Direct I)irect I)irect Co- Co- Co- Co- Stor. & Fuel
____ ___ _ .________ I)ispo. I)ispo. Dispo. I)ispo. D 2ispo. Dispo. Dispo. Dispo. Trans. Typ

Item ID lJ235 Kg.s\. Max. Pkg. AsysA\ # Pkgs. Con. A Con. A Con. B Con. B # IMTrR
% AAsy. Asy.s Asy.s\ Option I'kg. R cq'd 4-J's 4-G's 4-Fs. 4-l's of D Grp.]

2035 IPkg Asy.s\ # C'D Asy.s\ # C-D I'kgs.
C-D Pkgs. C-D Pkg.s Req'd

.______ . ____ _ PIkg. Req'd I'kg. Req'.

2 104 76.56 .2 6537 72 B 72 91 16 409 64 103 16 MTR

_ _ _ _, 11

3 21 83.84 .08 68 72+ 11 72 1 16 5. 64 1 u\a MTR

7 14 79.45 .6 128 27 A 18 7.1 8 16 27 4.7 n\a ATR

8 11 77.55 .19 20 72 A 20 .3 16. 2 20 .5 n\a MTR

9 141 88.53 .6 24 27 -A 24 .5 12 2.1 24 .5 n\a MTR
.__ _ _ _ _ .__ _ _ _ _ .__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 14 + 1

10 161 79.87 .15 17 72+ A 17 .3 16 1.1 17 .4 nU\ MTR

_ _ . - . .__ n-
II 8 90.02 .01 15 72+ A 15 .3 16 1 15 .3 nMa anf

12 15 82.48 .7 868 20 A 20 41 8 101 20. .6 6.4 ATR

_Lj_ n I 79 41 21 I7n Q_ 6 & _ _ -16 14 _§ 1__a:__ IlilR

t ib/Sdsp-k.js. Th0 Page 2.
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DETDOM
1)2y Storage Options

Elstimate of Total No. of Pkgs. - Domestic (etuailcd)
(3\01\96

(

_Direct Direct Direct I)irect Co- Co- Co- Co- Stor. & Fuel
._______ .______ . Dispo. I)ispo. I)ispo. I)ispo. Dispo. I)ispo. I)ispo. Dispo Trans. Type

Item ID ll235 Kg.s\ # Max. Pkg. Asys.\ # Ikgs. Con. A Con. A Con. 13 Coh. B # [MTR
% Asy. Asy.s Asy.s\ Option Pkg. Req'd-' 4-G's 4-G's 4-F's 4-F's of D Grp.)

2035 I'kg Asy.s\ # C-D Asy.s\ # C-D Pkgs.
C-D Pkgs. C-D Pkg.s Req'd

. ___|__ . ______ . ______ .______ Pkg. Req'd Ilkg. Req'd

14 142 87.47 .59 32 27 A 27 1.2 16 2 27 1.2 n\a MTR
plate

_ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~14+1

15 281 93.07 .14 26 72+ A_ 26 1 26 .5 MTR

16 9 93.11 .19 56 72+ A 56 1 __ 56 I armf

17 10 93.22 .11 2 72+ A 15 1 1 .25 arrnf

18 II 81.1() .12 8 72+ .f _ . .. annf

19 12 91.67 .02 4 72+ . . . arnmf

20 35 0.64 1.4 1 31 Core
______ ______ ______ ______ ______ ______ ______ filter~~~~~~~~~~~~~~~~~~~~~~flte

21 16 86.58 .8 2964 18 F 18 165 8 371 18 165 24 ATR

22 159 85.73 .15 86 72+ B . 80 2 64' I.5 MTR

t LtIbS(Sj:4-,gS . J'01 Page 2



DETDOM
Dry Storage Options

E~stimate of Total No. of lkgs. - Domestic (Detailed
(3\0 1\96

.)irect Direct Direcl l)irect Co- Co. Co- Co- Slor. & Fuel
|_______ ._____ . I )ispo. Dispo. I)ispo. I)ispo. Dispo. Dispo. )ispo. Dispo. Trans. Type

Htein ID lJ235 Kg.s\ # Max. Pkg. AsysA # Pkgs. Con. A Con. A Con. 1 Con.13 # IMTR
.% Asy. Asy.s Asy.s\ Option Pkg. Req'd 4-G's 4-G's 4-F's 4-F3's of D Grp.]

2035 IPkg Asy;s\ # C-D Asy.s\ # C-D Pkgs.
C-D Pkgs. C-D . Pkg.s Req'd

_______ .______ ____ _ Pkg. Req'd kg. Req'd

23 97 93.00 .23 32 62 A 32 1 32 .5 gentr

24 154 81.02 .11 880 130 B 32 28 4 220 n\a n\a .5.2 nbsr

25 103 93.13 9.4 162 I F 1 162 n\a n\a . 162 8.1 hfir

26 31 85.71 .15 41 . 96 B 64 2 41 .75 MTR
plate

27 165 19.82 .32 32 134- A 32 I 32 .5 MIR
plate

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~131

28 270 93.48 8.6 1 1 F I I _ .25 TSR

29 38 86.96 1.1 19 13 CX.

30 211 96.92 12.2 18 SPR

t b/sdspkqs. _ 01 Page 3
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DETDOM
Dry Storage Oplions

Estimate of Total No. of Pkgs. - Domestic (Detailed)
(3\01\96

C

.)irect I)irccl Direct I)irect Co- Co- Co- Co. Stor. & Fncl
.______ ________ _______ ________ 13ispo. Dispo. Dispo. I)ispo. Dispo. Dispo. I)ispo. Trans. Type

Item ID 1J235 Kg.s\ # Max. Pkg. Asys.\ # Pkgs. Coo. A Con. A Con. B Cod. B [MTR
% Asy. Asy:s Asy.s\ Option I'kg. Req'd 4-G's 4-G's 4-F's 4-F's of D Grp.1

2035 I'kg Asy.s\ # C-D Asy.s\ # C-D Pkgs.
C-D Pkgs. C-D . Pkg.s Req'd

.______ .______ _______ _______ Pkg. Req'd Pkg. Req'd

31 212 96.77 30.0 1 0 SPR

35 5 92.94 .65 4 22 F 8 1 1 8 .25 MTR
plate?

__ _ _ _ _ _ .__ _ _ _ _ .__ _ _ _ _ .__ _ _ _ _ _ _ _ _ _ _L[4+ 1e

36 17 93.17 .75 4 19 MTR
plate?

37 59 .25 2.0 120 21 B 21 6 n/a EBR

.__._____ wnetal
38 78 73.12 .1 153 144 B 64 3 64 3 MTR

plale?
., . ., .,'.s ~~~~~~~~~~~~~~~~~~~~~~~~~~~~lll

tlb/sdspkgs. _01 Page 4



DEITDOM
Dry Storage options

Estimate of Total No. of Pkgs. - Domestic (Detailed)
-(3\01\O

Direct Direct Direct I)irect Co- Co- Co- Co. Stor. & Fuel
. )ispo. Dispo. I)ispo. Dispo. Dispo. Dispo. Dispo. ~ispo. Trans. T

Item ID IJ235 Kg.s\ . Max. Pkg. Asys.\ # Pkgs. Con. A Con. A Con. B Con. 13 [MTR
Asy. Asy.s Asy.s\ Option Pkg. Req'd 4-G's 4-G's 4-F;'s 4-F's of D Grp.I

2035 PIkg Asy.s\ # C'D Asy.s\ # C-D Pkgs.
C-D Pkgs. C-D Pkg.s Req'd
IlPkg. Req'd Ikg. Req'd

39 123 88.43 1.0 15 14 F 14 1 2 14 - 1.25 MTR
pulate

.______ . .__., 14+1
40 136 81.06 .81 16 17 F 16 1 2 16 .25 MTR

plate

.__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 14+ 1
41 143 87.26 1.2 52 12 F 12 5 12 5 12 5 MTR

.__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 14+1

42 155 19.81 .88 8 48 F 8 I 1 8 .25 MIR
.______ ._ ._ . . . I I :14+1

43 157 93.66 .8 4 18 F MTR

. . . 0 ~~~~~~~~~~~~~~~~~~~~~~~~~~[+1

44 163 82.21 L( 17 14 1 14 2 2 14 2 MrR
:__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___ f4 + 1

45 164 16.03 1.0 14 43 F 14 1 4 16 .25 MTR

. . . . . . . ~~~~~~~~~~~~14+1

t i b/s stispliks. ' 01 Page 5
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IDETDOM
Dry Storage Options

Elslimate of Total No. of Pkgs. - Domestic-(etailed)
(3M0I\96

(

D)irect Direct Direct l)irect Co- Co- Co- Co- Stor. & Fuel
I)ispo. Dispo. Dispo. I)ispo. Dispo. Dispo. Dispo. Dispo. Trans. Type

Iteml 11) 11235 Kg.s\ . Max. Pkg. Asys.\ # Pkgs. Con. A Con. A Con. B. Con. B # IMTR
% Asy. Asy.s Asy.s\ Option Pkg. Req'd 4-G's 4-G's 4-F's 4-F's of D Grp.]

2035 Pkg Asy.s\ # C-D Asy.s\ # C-D Pkgs.
C-D Pkgs. C-PD Pkg.s Req'd

. ______ _______ Pkg. Req'd MgL.. Req'd

46 162 11.01 .3 2 143 . MTR
_ . . 1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~71

47 179 81.44 5.2 4 2 F. 2 2 . 2 2 RIIF

48 18( 90.13 .59 13 27 1- 1 3 1 I 13 .25 MTR
.__ _ _ _ _ _ _ _ _ _ _ _ .__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 14 + 1

51 226 84.96 .73 34 19 9 . . steri.

52 225 92.69 .45 226 32 slerl.

53 269 .63 1.0 143 43 B 43 4 r/a TRR
_________ _________ _________ ~~~~~~~~~~~~~~~~~~~~~~~~urnctal

54 276 14.67 .62 8 69 F 8 1 8 .25 MTR
.______ ..... __ .______ .'.____ .______ 18+1

55 279 88.48 .75 8 19 F 8 I 2 8 .25 MTR
. ...... .. ' . ' ~~~~~~~~~~~~~~~~~~~~~~~~~~~~14+1

I I b/ SLsi k :;. 2('1 Page 6
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DE:TDOM
Dry Storage Options

Estimate of Total No. of Pkgs. - Domestic (Detailed)
(3\01\96

)inret I)irect I)irect I)irecl Co- Co- Co- Co- Stor. & Fuel
._______ . l Dispo. Dispo. Dispo. Dispo. I)ispo. Dispo. I)ispo. Dispo. Trans. Type

Item. ID U235 Kg.s\ # Max. Pkg. Asys.\ # Pkgs. Con. A Con. A- Con. B Con. B # [MTR
% Asy. Asy.s Asy.s\ Option Pkg. Req'd 4-G's 4-G's 4-F's 4-F's of D Grp.]

2035 I'kg Asy.s\ # C-D Asy.s\ I # C-D Pkgs.
C-D Pkgs. C-D Pkg.s Req'd

.______ _______ _______ Pkg. Req'd Ilg.. Req'd

61 87 9(.09 .17 27 84 A 27 1 27 .5 MTR
... _ _ __ .. r 1,

62 88 19.79 .22 133. 195 B 80 1.7 16 9 64 3 .4 MTR
._______ .____ _ 16 1

63 121 95.12 .28 14 57 A 14 1 14 .25 MTR
. . . . ., . 121

64 122 19.8 .31 13 138 A 13 1 13 .25 MTR
_ . . 1~~~~~~~~~~~~~~~~31

65 135 88.56 .4 471 36 A 36 13 12 40 36 13 1.4 MTR
plate

. . . . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~[41

66 158 19.67 .01 414 4300? B 64 6.5 12 35 64. 7 1.3 MTR
plate.

. , . .: . . l~~~~~~~~~~~~~~~~~~~~~~~~~~~~~l5

LI /s.Jspkqs . .'(g1 Page 7



(

* . DETDOM
Dry Storage.2-tions

Estimate of Total No. of Pkis. - Domestic (Detailed)
(3\l )\96

f

Direct Direct Direct Direct Co- Co- Co- Co- Stor. & Fuel
._____ .);ispo. Dispo. Dispo. Dispo. Dispo. Dsisoo. D;SO. Trans. Tpe,

Item ID li235 Kg.s\ # Max. Pkg. Asys.\ # Pkgs. Con. A Con. A Con. B Con. B #[MTR
% Asy. Asy.s Asy.s\ Option Pkg. Req'd 4-G's 4-G's 4-F's 4-F's of D Grp.)

2035 Pkg Asy.s\ # C-D Asy.s\ # C-D Pkgs.
C-D Pkgs. C-D Pkg.s Req'd
Pkg. Req'd Pkg. Req'd

67 177. 91.13 .02 124. 720? B 64 2 12 11 64 3 .3 MTR
plate

68 178 20.00 1.13 22 38 A 22 1 12 3 22 .5 MTR
plate

,__ _ _ _ _ ,__ _ _ _ _ _ .__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 18+ 1
69 181 19.28 1.4 178 30 F 30 6 12 15 30 6 .6 MTR

plate

. . . [~~~~~~~~~~~~8+1

70 274 93.03 .17 26 84 A 26 1 26 .5 MTR
plate

71 275 19.73 1.34 28 32 F 32 1 12 3 28 I n\a MTR
plate

t.lb/sdspkgs. )01 Page 8



1 ETDOM
Dry Storage Options

I stimate of Total No. of Pkgs. - Domestic (Detailed)
(3\01\96

Direci Direct Direct Direct Co- Co- Co- Co- Slor. & Fuel
I)ispo. Dispo. Dispo. I)ispo. Dispo. Dispo. Dispo. Dispo. Trans. Type

Ictc ll) . 11235 Kg.s\ . MAx. I'kg. Asys.\ # 'kgs. Cott. A Con. A Con. 13 Con.13 # jmTR
% Asy. Asy.s Asy.s\ Option Pkg. Req'd 4-G's 4-G's 4-F's 4-Ps of D Grp.]

2035 Pkg Asy.s\ # C:D Asy.s\ # C-D Pkgs.
C-D Pkgs. C-D Pkg.s Req'd
Pkg. Req'd Pkg. Req'd

72 272 92.45 .01 256' 1440? B 64 4 12 22 64 4 .8 MTR
plate

___._ _ _ _ _ _ __ __ _ _ 18+1

73 273 19.72 1.12 25 38 A 25 1 12 2 25 I n1\a MTR
plate

.__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ._ _ _ _ _ 1__ _ _ _ 8 +1
74 278 19.81 1.07 552 40 A 40 4 16 35 40 14 1.4 MTR

___ _. .___ - -,.:_ __ _ _ _ 18+1

75 277 16.85 .75 131 57 A 57 2.3 16 9 57 3 .4 MTR
_ _ _ _ _ _ _ _ _ _ _ _ _ _ ________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~~~~~~~~~~~~18+1

76 144 90.40 .75 1218 19 F 19 64 16 76 19 64 3 MTR
4+1

77 145 89.58 .17 28 84 A 28 1 16 2 28 I n\a MTR

78 146 19.70 .94 28 45 A 28 i 16 2 28 1 n\a MTR
t~b/sdspk ..01 Page 9.X+
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C (C

DETDOM
Dry Storage ODpions

l'Estimate of Total No. of Pkgs. - Domestic (I)etailed)
(3\01\96

_ . _. -!. ._.

.)irect Direct Direct Direct Co- Co- Co- Co- Stor. & Fuel
Dispo. Dispo. Dispo. Dispo. I)ispo. Dispo. Dispo. Trans. Type

Item ID 11235 Kg.s\ # Max. Pkg. Asys.\ # Pkgs. Con. A Con. A Con. B Coh. B # [MTR
% Asy. Asy.s Asy.s\ Option Pkg. Req'd 4-G's 4-G's 4-F's 4-F's of D Grp.]

2035 Pkg Asy.s\ # C-D Asy.s\ # C-D Pkgs.
C-D Pkgs. C-D Pkg.s Req'd

-.- ______ M Pkg. Req'd Mg. Req'd

79 280 19.54 1.24 45 34 A 45 1 16 2 34 1.4 n\a MTR
__._'_. . _. __ _ . __.__. 18+1
80 287 19.71 .84 27 51 A 27 1 16 2 27 1 n\a M1R

-_ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ ._ _ _ _ .__ _ _ _ 18+1

t. sb/ ud ; pkgs . SOI0 Page 10



.. I ~ F D_
Dfry Stora=c^ Options

Fuels Dimensional Packaging Data
(3\01\96)

F uel Cropped # per 16' # per 10' # per 5'-4" 24" dia. Small MPC Large MPC
Dims. (ins.) high stack high stack high stack pkg.-array- asy. cap. asy. cap.

. ~~~asy. cap..

MTR-Plale 3.25x3.25x 5 4 2 4x4=16 240 420
_ _ _ _ _ _ _ _ _ _ _ 2 6 _ _ _ _ _ _

MTR-Curve 3x3x26 5 4 2 4x4=16 240 420
Plate . .... .. I

MTR-Tube 4"dia.x26 5 4 1 4x4=16 240 420
.__________ _______ ____ __ _______ _ __(possibly 2)

NRIJ\NRX 1.9"dia. I . \a n\a 4x4=16 cells 192 336 Criticality
(max.)x 10.5' . w\ 4\cell = ok?

.( milax.) ____________ _________ 64

RI ll 16"dia.x16" 4 n\a n\a I asy. 4 16
high

TRIGA 1.5"dia.x30 5 3 4x4= 16 cells 300 525 Criticality
w\ 5\bell ok?

A1R 4.25 max. 3 2 1 3x3=9 72 126
.__________ dhn.x50 (2\PWRcell) .

ARMI\ 3.25x3.25x 5 4 1 4x4=16 240 420
CFRMF 26 (possibly 2) .

tlb\nfueldat.301 Page I
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I .IF P
Dry Storage Options

Fuels Dimensional Packaging Data
(3\01\96)

(

111FDR 3 3.25x3.25x 5 |.4 J I 4x4=16 240 420
(MTR) 26 [ . (possibly 2)

Fuel Cropped # per 16' # per 10' # per 5'-4" 24" dia. Small MPC Large MPC
Dims. (ins.) high stack high stack high stack pkg.-array- asy. cap. asy. cap.

_ asy. cap.

Id 35 9"dia.x30 Core filter

GENTR 2.75"dia.x17 _ Stacked
,_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ d isk s

N3SR 3.5x3.5x69 2 I n\a 4x4=16 96 168 17 curved
(It.?) _____________ _____________ _____________plates

IfI'R 17.5"dia.x32 4 . 3. I A. 16 20 .

TSR 24"spherical

CX ula .

SPR 1.11111 n/a
Sterling powder can 1 0 0 4x4x16 48 84

bundles -

3.5"x3.5"xIO'

Asy. bundles- 5 4 2 4x4xl6 240 420
3"x3"x26"

tlb\s'ueldat. 301 Page 2



* LFD
Dry Storag Options

Fuels-Dimensional Packaging Data
(3\01\96),

TRR iVdia.x10' I n\a n\a 4x4=16 cells 240 420
Ui metal _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ __ W\ 5\ccll=80

E31R-II 5"dia.xl14' I n/a n/a 3x3=9 BWRMPC-24 BWRMPC-24
1)metal can __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ PW R-1 2 PW R.21_ _ __ _ _

Fuel Cropped Nper 16' # per 10' #per 5'-4" 24" dia. Small MPC Large MPC
Dhms. (ius.) high stack high stack high stack pkg.-affay- asy. cap. asy. cap.

___________ ~~~~~~~~~~asy. cap.

Slowpoke 2"dia.x 9.6'
call
(contains
150- 160

_____ _____ pins)_ _ _ _ _ _

Canadian 2.75"dia. 12 .8 4 4x4=16 576 1008
Targets xi V

Korean Samic as
(KCM R R ) N Ru_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

L Ik)\Sf LIE: I (J.-i I-301 Page 3
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ATTACHMENT 4
1

Direct Disposal -Pkg.A=70
Pkg. B= 360
Pkg. F = 75Q

1180

If handling limits cause problems most of the B's can be converted to A's

Co-Disposal - Pkg. F = 1690 (1060 Concept B, C-D Pkgs.)

- Pkg. G= 1120 (280 Concept A, C-D Pkgs.)
(1340 Total C-D Pkgs.)

The Type F & G pkgs. will be individually dried and stored in a vault, conc.

module, or cask storage system, then individually transported to the repository;

i.e. placed in large MPC size overpack, once received at the repository.

The following larger fuels will be placed in Type G. pkgs:
NBSR- 880
EBRII- 121
TRR - 29
Slowpoke - 8
KMRR- 848-4

1121
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ATIACHMENT 5

Direct Disposal - Alts.

1) Use more small dia MPCs -
Most applicable to MTR, which represents
-70% of the total and asys. with low kg/asy.,
such that the repository kg U235 limit! pkg.
does not apply.

Small dia MPC capacity- 192- 240 MTR asys.
(12 PWR cells)

MTR groups 5 & 6 (LEU, 287 and 172 asys.)
allow caps in the 192-240 asy. range,
but only 9 B pkgs. are required

Thus, use of small dia. MPC is not prudent
for direct disposal, due to repository
kg/pkg limits.

2) Use a mix of A/B pkgs. & co-disposal concepts A & B

This is a prudent concept to consider:
Egs:

Bs - Must have for KMAR/NRU, EBRII, TRR, & Slowpoke fuel

C-D- Concept A -Type G pkgs. - could be used in lieu of B pkgs.
for the longer fuel

C-D - Concept B - Type F pkgs. work good for HFIR fuel

3) Use the max. no. of Type F pkgs.
These short packages could possibly be loaded at the sending site, thus,
avoid handling at SRS if a dual purpose cask (transportation and storage)
is used. An alternate approach would include using the cask for transportation
of the Type F pkg. then transferring the pkgs. to another storage mode at SRS.

tlb\atL5.



Attachment 1IDA

Criticality Analysis for Interim Storage and Transportation



Summary of NCS Analysis for, Terry Bradley
D. Kent Parsons -- 6 March 1996

- Document ESH-6-96-086
Los Alamos National Laboratory

In connection with the Spent Nuclear Fuel Storage and
Disposal Assessment team, I have analyzed quite a few scenarios
for the interim storage and ultimate disposal of DOE Al-clad
spent nuclear fuel.

A very conservative assumption underlies all of this work.
The fuel has been assumed to be fresh, i.e., no credit has been
taken for burnup. Of course, if credit could be taken for
burnup, then the limitations discussed below could be
significantly relaxed. Burnup not only depletes the U-235
content of the elements, but it also builds up neutron poisons in
the fuel.

For the purposes of fuel handling under water and for the
theoretically possible (but highly unlikely) water flooding
accident subsequent to drying and packaging, this analysis has
primarily considered intact fuel bundles immersed in water.
Without full water immersion, there are no practical criticality
concerns for intact spent nuclear fuel elements of any variety in
any size cask.

As a result of these two fundamental assumptions, the spent
nuclear fuel is being characterized as having t he same potential
for criticality as a freshly loaded beginning of life research
reactor core.

My basic fuel element is the classic 3" by 3" by 2 feet long
MTR fuel element. I have conservatively assumed 450g of U-235 in
each element. I then added enough U-238 to make the U-235
enrichment 94!k. Of all the DOE spent nuclear fuel from both
domestic and foreign sources, this model conservatively models
the great majority of the material. Exceptions to this rule
include any involute fuel (like HFIR or RHF) and the small number
of "dense" MTR fuel elements in France. These dense MTR elements
have from between 600- and 8.00g of U-235 in them. These
exceptional fuels must be evaluated seperately.

In my model, I assume that the MTR fuel element can be
homogenized by simple volume weighting. The justification for
this practice is that the fuel plates are thin and thus .the U-235
does not self-shield in thermal neutron energies very much. In
fact, homogenized HEU is always more reactive than heterogeneous
HEU. So this homogenization adds yet another level of
conservatism to the analysis. In addition, the conservatism of
homogenization is the greatest when the fuel is the most heavily
loaded.

My primary calculational tool was the DANT series of
discrete ordinates codes. I used the well-known Hansen-Roach
multigroup neutron cross sections. Because the DANT codes are
deterministic, search calculations can be easily made to
determine critical masses. I have also used the continuous
energy version of the Monte Carlo code MCNP to verify some of my
results. The independance of the calculational methods and the



*cross section data between DANT and MCNP establishes the
credibility of the results.

I was asked by Terry Bradley to consider arranging arrays of
MTR fuel elements without neutron poisons as a starting case.
The objective was to see how many of these assemblies could be
packed together in some sort of a storage container. Under the
assumptions of "fresh" fuel and water immersion, the answers, as

.determined by TWODANT were

HEU fuel at 450g U-2;35 LEU fuel at 450g U-235

Crit.Mass 2.99kg of U-235 3.67kg of U-235
No. of Elements. 6.6 8.2

This analysis assumed a 1-high square array with the individual
fuel elements actually touching each other. The first result was
verified with MCNP and a keff of 0.996 ± 0.003 was obtained for
the critical case.

If the MTR elements were only loaded to 300g of U-235 per
assembly, then the results would have been:

HEU fuel at 300g U-235 LEU fuel at 300g U-235

Crit.Mass 2.40kg of U-235 2.91kg of U-235
No. of Elements. 8.0 9.7

These calculated critical masses compare well, in a
conservative sense, with the following experimental measurements
(see references 1 and 2) of fresh MTR-like fuel elements:

HEU fuel at 168g U-235- - HEU fuel at 300g U-235
Crit.Mass- 2.5kg of U-235 3.5kg of U-235
No. of-Elements- 15 11

Thus, we can conclude that for the assumptions of no burnup
credit and full water immersion, relatively few of these MTR
elements can be arranged together without poisons.

For the poisoned cases, I have analyzed two scenarios
involving storage casks in PWR configurations (i.e., 4 MTR
elements in a 9" by 9" PWR assembly basket) and one scenario with
a storage cask in a BWR configuration (i.e., one spent fuel
element in a 6" by 6" BWR assembly basket). Due to the lack of
time, I performed a scoping kLnf analysis. kif is different than
keff. kinf is the multiplication factor for an infinite system.with
no neutron leakage at all. keff is the multiplication factor for
a finite system which has neutron leakage.

The rationale is that if kif is < 1.0 for a single unit,
then any array of identical units is also subcritical. In
practice, if kinf for a single unit is < 1.0, then any finite
array of identical units is substantially sub-critical. Thus a
complex configuration can be reduced in a conservative manner to



the analysis of a single simple unit cell.
For poisons, I used a 1/4" thick sheet of Boral or a 1%

natural boron by weight stainless steel in 1/4" plates between
the elements. I also accounted for the water between the fuel
elements in the space inside the basket.

For the 450g MTR elements arrayed together with 1/4" borated
stainless steel plates in between, kinf is 1.055. So no upper
limit is possible without further analysis. However, due to the
preponderance of less heavily loaded fuel for which kinf << 1.0
(as discussed below), it should be a simple matter to mix
elements such that for any size cask all available space is-
utilized-.

If 300g elements are stored with borated stainless steel,
then kinf is 0.891. Thus, any but the most heavily loaded MTR
elements may be stored in borated steel baskets in PWR casks
without mass or number of element limitations.

If 1/4" sheets of Boral are used instead of the borated
stainless steel, then the kinf is 0.983 for the 450g elements.
MCNP gives 0.981 ± 0.003. Hence, there is no mass or number of
element limitation for the intact 450g fuel elements when stored
in 2 by 2 arrays in commercial PWR baskets lined with Boral.

For the 6" by 6" Boral lined BWR slots, up to 10OOg of U-235
in Al-clad fuel may be stored in every 2 feet of height. The kinf
of this system is 0.991. These BWR slots should be useful in
storing any spent fuel elements or assemblies which are larger
than 3" by 3".

Thus, we can conclude that even with the assumption of no
burnup credit and full water immersion, there are no serious
limitations on the storage of intact MTR and MTR-like fuel
elements in poisoned storage casks. While some of the kif values
quoted above may appear to be higher (i.e.,-closer to 1.00) than
usual, we are confident that more expensive (and time-consuming)
calculations for finite storage casks will result in values of
keff < any limit (e.g., 0.95 minus some uncertainty such as 0.02,
as currently required in 10 CFR 60) proscribed by regulatory
bodies.

All'of these calculations illustrate a important
characteristic of-spent nuclear fuel storage. The .repository,'or
any other storage facility, is very likely to be more limited by
volume or space shortages than it will be by criticality
restrictions. This is even more true if some of the unnecessary
conservatisms in the criticality analysis can be relaxed.

References:

(1) J.K.Fox and L.W.Gilley, "Critical Experiments with Arrays of
ORR and BSR Fuel Elements," Neutron Physics Annual Progress
Report for the period ending September 1, 1958, pp. 34-36, ORNL-
2609, October 1958.

(2) E.B.Johnson and R.K.Reedy,Jr., "Critical Experiments with
*SPERT-D Fuel Elements," ORNL-TM-1207i July 1965.



Attachment IID-5

Summary of Safeguards and Security Requirements



B.Safeguards and Security Requirements During Interim Storage and Transport of Highly Enriched
Aluminum Clad Spent Nuclear Fuel Cask.

It is Department's policy to comply with the safeguards and security requirements of Nuclear
Regulatory Commission (NRC), Department of Transportation (DOT) and DOE during Interim Storage and
Transport of Highly Enriched Aluminum Clad Spent Nuclear Fuel Cask.

SNF at SR is classified as Category Ill material. in accordance with the requirements of the DOE Order
5633.3B, "Control and Accountability of Nuclear Materials" Dated 09107/94. The SNF will be bundled such
that load will be self protecting. The DOE Order 5633.3B prescribes the Department's minimum
requirements and procedures for control and accountability of nuclear materials at DOE-Owned and
leased facilities and DOE-owned nuclear materials at other facilities which are exempt from licensing by
the Nuclear Regulatory Commission.

The dry storage of SNF at SR shall comply with the physical protection requirements of NRC as
established in Title 10 Code of Federal Regulations 72 Subpart H, "Physical Protection establishes
physical protection requirements for the Independent Storage of Spent Nuclear Fuel and high-Level
Radioactive waste.

The physical protection of SNF casks during transportation shall comply with the NRC requirements in
Title 10 Code of Federal Regulations 73.37, " Requirements for Physical Protection of Irradiated Reactor
Fuel in Transit," which identifies procedures for protection of licensee shipments of irradiated reactor fuel.

In addition, the storage and transportation of SNF shall also comply with the DOE Order 5632.1 C,
Protection and Control of Safeguards and Interests", dated 07/15/94 establishes policy for protection and
control of special nuclear material, vital equipment, classified matter, Departmental property and facilities,
and unclassified irradiated reactor fuel in transit and DOE Order 460.2,"Material Transportation and
Packaging management" establishes policies and requirements to supplement applicable laws, rules,
regulations, and other DOE Orders for materials transportation and packaging operations.
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Drying & Pressure Buildup Issues for Aluminum-Clad
Spent Nuclear Fuel

R. G. Ballinger

6/1/96
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1.0 Introduction

The spent nuclear fuel will undergo several processing and/or storage steps between receipt of the fuel and
ultimate disposition in a repository. During operation and storage the fuel will undergo general and,
possibly, localized corrosion such as pitting. Indeed, fuel currently being stored at Savannah River has
suffered corrosion, general and pitting, to some degree. During storage of the spent nuclear fuel (SNF) in
closed containers a slow pressure buildup will occur in the storage container due to the radiolytic
decomposition of any water present (free or bound) and the reaction of free water with the cladding
material. The ultimate gaseous reaction products will be hydrogen and oxygen. The oxygen will react
with any metal surfaces present with the net result that the storage container will develop a hydrogen rich
environment. The maximum pressure attained during closed storage will be determined by the amount of
water present at the time of closure in combination with any fill gas that is used. The RATE of pressure
buildup will be determined by the reaction rate of any free water with the fuel which will be controlled by
the rate of release of bound water due to radiolysis. The limiting step in the process will depend on the
relationship between the rate of release of bound water due to radiolysis and the reaction rate with the
cladding and other structural materials. In any case, the process will ultimately result in pressure buildup.
Additional, immediate pressure buildup will occur if free water is present in the storage container due to
the equilibrium vapor pressure at the storage temperature. Since the reaction of water to produce hydrogen
is a one-for-one "trade" the pressure due to this process will add a constant value to the overall system
pressure.

The minimization of pressure buildup and the limitation of the terminal pressure will be important design
considerations for any of the storage and/or processing options for metallic fuel forms. Pressure buildup
will be kept within design limits either by periodic venting of a closed storage vessel or by limiting the
absolute terminal pressure to a value less than the design pressure. In either case an adequately accurate
estimate of the total amount of water present as well as an estimate of the rate of reaction will be important.

The removal of water in the storage container will require some form of drying process. The water present
in the storage container will be present in one of three general forms: (1) free water, (2) water of hydration
for oxides present, and (3) chemisorbed water on all surfaces. The drying process can be expected to
remove essentially all of the free water. Water which is in the form of hydrated okides will decompose if
the drying conditions are such that the hydrated oxide is unstable and sufficient time is allowed for the
kinetics of decomposition to operate. The degree of removal of this form of water will depend on the
stability of a particular oxide at the drying conditions. The removal of chemisorbed water will require
drying at temperatures that far exceed the maximum allowable fuel storage temperature of 200C. Thus the
pressure buildup during storage will be due to the decomposition of any hydrated oxides present after
drying and the release. of chemisorbed water.

As part of the evaluation of processing options the potential for pressure buildup was evaluated for the dry
storage and direct disposal options. In fact, since all of the options will require some form of interim
storage some form of drying will have to take place unless a vented interim storage option is elected. In
this Appendix we present the results of an expanded study to evaluate the potential for pressure buildup
during interim or permanent storage. As part of the evaluation an analysis was conducted to determine
both the likely forms of corrosion product oxides that may be present but to evaluate the likelihood of the
drying process resulting in the removal of some of the bound water. The results of this analysis are
presented in Section 2.0. In Section 3.0 we present the results of the analysis of potential pressure buildup
during storage. For this analysis the evolution of container pressure was modeled as a function of time.
All sources of pressure buildup were included in the model. These included: (I) pressure buildup from the
corrosion process, (2) radiolytic decomposition pressure buildup, (3) the effect of the presence of free
water, and (4) the effect of temperature.

2.0 Oxide Stability

In this'section we present the results of an analysis of the anticipated drying behavior for SNF.
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2.1 The Drying Process

The drying process will result in the removal of any free water and bound water from hydrated oxides that
may be unstable at the drying temperature and pressure. Figure 2.1-1 shows a schematic of the drying
behavior for vacuum drying for the case where free water is present as well as corrosion product oxides.

CO)
CO)

0- ~~~~~~~~~"Nominal" Rahavinr
"Heavy.. Oie. Behav

"Heavy Oxide' Behavior

Free Water
Removed

"Zero Hydrated Oxide" Behavior

Time

Figure 2.1-1 Schematic drying curve for case of only free water present.

There has been a significant amount of experience with commercial light water reactor fuel drying in
preparation for dry storage. The schematic behavior above is characteristic of a situation where some
retained oxide is present on the fuel. This retained oxide will act to entrain free water. In Figure 2.1-1 the
curve labeled "Zero Oxide" Behavior is the behavior which is expected, and is very often seen, when the
fuel surfaces are essentially free of oxide that contains any free water. Thus one observes that the
pressure quickly drops to a very low pressure, corresponding to the limiting pressure of the pumping
system, once all of the free water has been evaporated. On the other hand, if there is some amount of
trapped, but unbound, water present one would expect behavior such as those represented by the curved
which approach the "zero" free water point more gradually. The point to be made her is that there will be
a point where all of the free water will be removed.

For the case where there is some amount of bound water present in hydrated oxides the pressure-time
behavior will depend on the amount of, type, and stability of the oxides. Figure 2.1-2 shows a schematic
of this type of behavior. Note in Figure 2.1-2 that the time axis is not drawn to scale. The time that it
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takes for an equilibrium pressure to be established will depend on the amount and type of hydrated oxide
present.

Figures 2.1-3 through 2.1-34 show the phase stability diagrams for oxides and hydroxides of uranium,
aluminum and iron as a function of temperature. Figure 2.1-35 shows the equilibrium partial pressure of
water over hydrated oxides and hydroxides of uranium, aluminum and iron as a function of temperature.
Figure 2.1-36 shows the free energy for the decomposition reactions for hydrated oxides and hydroxides
of uranium, aluminum and iron as a function of temperature at I atmosphere. The data presented in these
figures is for the pure hydrated oxides. It is likely that more complex compounds with more variable
chemistry will be present. However, it is unlikely that the behavior of the more complex chemistries will
be significantly different unless a significantly different hydrated oxide form is present.

Based on the analysis conducted it is anticipated that the primary hydrated oxide present on the fuel after
drying at 50C and a pressure of .001 atm, the anticipated drying.conditions, will be the aluminum oxide
mono-hydrate.

UL)
L..

U)
(D

.,'

"Nominal" Behavior

"Heavy" Oxide Behavior

Bound Water
Removal

.1

Free
Water
Remo ted "Zero" Oxide Behavior

Time
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Figure 2. 1-1 Schematic drying behavior for the case where hydrated oxides are present. Note that the
time axis is not drawn to scale.

3.0 Pressure Buildup

During the drying process all free water will be removed from the fuel. However, some bound water will
still remain either in the form of hydrated oxides or in the form of chemisorbed water. Drying data for
sludge/oxides from the K-Basin in Hanford indicates that the chemisorbed water is not removed until
exposures at very high temperatures, on the order of 900C. The remaining water will eventually be
released as a result of radiolytic decomposition to form hydrogen and oxygen. The oxygen released will
be consumed in the formation of other oxides as a result of reaction with fuel, canister and other metal
surfaces. However, the hydrogen will remain and will combine with the fill gas to result in an increase in.
the pressure in the storage container. This process has been modeled and this section presents some of the
results of this analysis.

Figures 3.0-1 through 3.0-3 show the evolution of conditions in the storage container for typical fuel
element loading (32 elements), free volume (9.4 cubic feet), and oxide thickness (0.0002 in (0.0005 cm)).
The ultimate pressure in the storage container is just under three atmospheres. Data related to fuel oxide
thickness, and other parameters were obtained from a report by Peacock, et. al.[1]. The fuel gamma heat
loading was taken as 450 watts. This heat loading is considered an upper bound for all fuel with the
exception of HFIR fuel.

The rate of pressure buildup is gradual with the terminal pressure being reached after approximately
50,000 hours for this case. For the case of HFIR fuel the terminal pressure will be reached in
approximately 1000 hours.

Figure 3.0-4 shows the terminal pressure in the storage container as a function of fuel surface oxide
thickness for several storage container free volumes. The storage temperature for this figure is 200C. The
oxide thickness ranges modeled bracket the expected fuel conditions [1].

4.0 Conclusions

Based on this analysis it has been concluded that fuel drying will be adequate to prevent excessive
pressure buildup during dry storage.
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Figure 2.1-3 Phase stability for the uranium oxide-water-hydrogen system at 50C.
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Figure 2.1-4 Phase stability for the uranium oxide-water-hydrogen system at 75C.
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Figure 2.1-5 Phase stability for the uranium oxide-water-hydrogen system at I OOC.
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Figure 2.1-6 Phase stability for the uranium oxide-water-hydrogen system at 50C.
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Figure 2.1-7 Phase stability for the uranium oxide-water-hydrogen system at 150C.
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Figure 2.1-8 Phase stability for the uranium oxide-water-hydrogen system at 1 75C.
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Figure 2.1-9 Phase stability for the uranium-water-hydrogen system at 50C.
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Figure 2.1-10 Phase stability for the uranium-water-hydrogen system at i75C
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Figure 2.1-11 Phase stability for the aluminum oxide-water-hydrogen system at 50C.
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Figure 2.1-12 Phase stability for the aluminum oxide-water-hydrogen system at 75C.
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Figure 2.1-13 Phase stability for the aluminum oxide-water-hydrogen system at 1OOC.
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Figure 2.1-14 Phase stability for the aluminum oxide-water-hydrogen system at 125C.
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Figure 2.1-15 Phase stability for the aluminum oxide-water-hydrogen system at 150C.
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Figure 2.1-16 Phase stability for the aluminum oxide-water-hydrogen system at 175C.
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Figure 2.1-17 Phase stability for the aluminum hydroxide-water-hydrogen system at 50C.
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Figure 2.1 -] 8 Phase stability for the aluminum hydroxide-water-hydrogen system at 75C.
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Figure 2.1-19 Phase stability for the aluminum hydroxide-water-hydrogen system at I OOC.
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Figure 2.1-20 Phase stability for the aluminum hydroxide-water-hydrogen system at 125C.
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Figure 2.1-21 Phase stability for the aluminum hydroxide-water-hydrogen system at 150C.
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Figure 2.1-22 Phase stability for the aluminum hydroxide-water-hydrogen system at 175C.
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Figure 2.1-23 Phase stability for the iron oxide-water-hydrogen system at 50C.
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Figure 2.1-24 Phase stability for the iron oxide-water-hydrogen system at 75C.
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Figure 2.1-25 Phase stability for the iron oxide-water-hydrogen system at I OOC.
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Figure 2.1-26 Phase stability for the iron oxide-water-hydrogen system at 125C.
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Figure 2.1-27 Phase stability for the iron oxide-water-hydrogen system at 1 50C.
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Figure 2.1-28 Phase stability for the iron oxide-water-hydrogen system at 1 75C.
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Figure 2.1-29 Phase stability for the iron oxide-water-hydrogen system at 50C.
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Figure 2.1-30 Phase stability for the iron oxide-water-hydrogen system at 75C.
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Figure 2.1-31 Phase stability for the iron oxide-water-hydrogen system at 1 OOC.
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Figure 2.1-32 Phase stability for the iron oxide-water-hydrogen system at 125C.
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Figure 2.1-33 Phase stability for the iron oxide-water-hydrogen system at 150C.
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Figure 2.1-34 Phase stability for the iron oxide-water-hydrogen system at 175C.
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Attachment IID-7

Recommended Approach to SNF Characterization Requirements



The goal of the ch iution program is to perform the minimum characterization
necessary to satisfy repository criteria. Thus, the program would consist of a two level

approach where actual characteriztion data is augmented by modeling results. Within each
fuel type, a few elements would be analyzed (characterized) for the- most significant
characteristics with respect to repository requirements, (1) isotopic content'and (2) leaching

characteristics. Next, the expected performance of the fule type will be estimated using

nautronicAsdepletion analysis to calculate expected isotopic content in other elements, The

experimental data from the selected elements will be used to calibrate the model results for

each fuel type. This process is sumnmarized as follows:
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Appendix E
Performance Assessment of Research Reactor SpIent Fuel in a Geologic Repositorv

E-1. Overview

The purpose of the performance assessment described herein is to determine the effects of
disposal of aluminum-based research reactor fuel in a deep geologic repository. The aim of
the preliminary assessment is to determine the incremental change in cumulative release
and/or peak.dose to an individual at the accessible environment that can be attributed to the
disposal of the research reactor fuel.

E-2. Background on Performance Assessment

The U.S. Department of Energy Office of Civilian Radioactive Waste Management (DOE
OCRWM) is currently investigating the feasibility of permanently disposing the nations'
commercial high-level radioactive wastes (in the form of spent fuel from the over 100
electric power-generating nuclear reactors across the U.S.) and a portion of the defense high-

- '. level radioactive wastes (in the form of vitrified borosilicate glass which will be stored at
federal facilities around the country) in the unsaturated tuffaceous rocks at Yucca Mountain,
Nevada. Quantitative predictions based on the most current understanding of the process and
parameters potentially affecting the long-term behavior of the disposal systems are used to
assess the ability of the site and its associated engineered designs to meet regulatory
objectives set forward by the U.S. Nuclear Regulatory Commission (NRC) and the U.S.
Environmental Protection Agency (EPA).

The evaluation of the ability of the overall system to meet the performance objectives
specified in the applicable regulatory standards has been termed total system performance
assessment (lTSPA). Total system performance assessments require the explicit quantification
of the relevant processes and process interactions. In addition to providing a quantitative
basis for evaluating the suitability of the site to meet regulatory objectives, such assessments
are'useful to. help define the most significant processes, the information gaps and
uncertainties regarding these processes and the.,corresponding parameters, and therefore the
additional information required in order to have a more robust and defensible assessment of
the overall performance.

E-3. Performance Assessment of Research Reactor Fuel

E-3.1 Performance Assessment Scenario

A bounding performance assessment of the Direct Co-Disposal option of research reactor fuel
in a geologic repository was conducted based on one scenario from the Total System
Performance Assessment-1995 (TSPA-1995).' The repository was assumed to be in the
unsaturated zone about 300 meters above the ground-water table. For calculational purposes,
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the repository inventory was assumed to be 63,000 MTU of commercial spent fuel, 7,000
MTU of vitrified defense high-level waste'(DWPF-type product), and approximately 60
MTIU of research reactor spent fuel. The assumption of a repository with a slightly larger
than the Nuclear Waste Policy Act limit of 70,000 MTU was made for ease in calculation
(i.e., the inventory used in TSPA-1995 did not have to be modified). The research reactor
fuel is composed of approximately 25% high enriched and 75% low enriched spent fuel. For
conservatism the research reactor spent fuel inventory was assumed to be composed entirely
of the high enriched fuel. This assumption increases the inventory of 237Np and actinides that
decay to 237Np which will increase the amount of release of ` 7Np over the long-term (i.e;,
the largest dose over the long-term is from 2 7Np and will increase because the calculated
dose will be higher than if an average inventory was assumed). WNp was selected due to its
maximum release rate that exceeds 0.1 % of the NRC total-release-rate limit.

The research reactor fuel is assumed to be emplaced in the repository in 1,400 Direct Co-
Disposal Waste Packages that contain five canisters of vitrified defense high-level waste
around one canister of research reactor fuel assemblies which is centered in the package.
The inventory of research reactor fuel per waste package is presented in Table 1, based on
the assumptions that all of the fuel is highly enriched and that it is distributed equally among
1,400 packages. The waste package is assumed to have a 20 mm inner barrier of corrosion
resistant material and a 100 mm outer barrier of corrosion allowance material. The waste
packages are assumed to fail by a combination of general and pitting corrosion, initiated by
temperature and relative humidity in the vicinity of the package.'

The calculational scenario, selected from TSPA-1995, is for a repository thermal loading of
83 MTU/acre (the high thermal loading case from TSPA-1995), high infiltration rate
(expected value of 1.25 mm/yr), and the presence of water dripping on some of the waste
packages. Conceptually under this scenario, once the waste package has failed radionuclides
diffuse out of the package, are transported through the engineered barrier system by diffusion
or advection, and are transported through the unsaturated and saturated zones to the
accessible environment. The accessible environment is 5,000 meters laterally from the edge
of the repository. Thus, the transport path is about 300 meters through the unsaturated zone
and 5,000 meters through the saturated zone. Along this transport pathway, processes such
as sorption, dispersion, and dilution reduce the concentration of radionuclides.

The dissolution/alteration rate of the research reactor fuel was assumed to be the same as that
of the commercial spent fuel. Because the dissolution/alteration rate for research reactor fuel
is uncertain the results were also calculated for an assumed increase in the
dissolution/alteration rate of a factor of ten.
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Table E1. Inventory of Research Reactor Spent Fuel 2 (assumes that the research reactor
fuel is all highly enriched and emplaced in 1400 Direct. Co-Disposal Waste
Packages)

ISOTOPE TOTAL CURIES
CURIES PER

(55.9 MTU) PACKAGE

'"14C 6.38 x 102 4.56 x 10-5

79Se 2.30 x 102 1.64 x 10-

9Zr 1.18 x 102 8.43 x 10.1

_93Nb 8.80 x 102 6.29 x 10-1

"Tc 7.74 x 103 5.53 x 100

107 Pd 8.90 x 100 6.36 x 10-3

* ' 26Sn 2.06 x 102 1.47 x 10-

1291 1.27 x 10l 9.09 x 103.

133cs 6.00 x 101 4.28 x 10-2

s'Sm 1.65 x 105 1.18 x 102

_________________ 5.71 x 106 4.08 x 10-

226Ra 2.60 x 10- 1.86 x 10-

228Ra 2.71 x 10-7 1.94 x 10-10

219Th 4.83 x 0-5 - 3.45 x 10-8

23rh * 5.18. x 103 3.70 x 10-6

232Th 3.91 x 10-7 2.79 x 10.10

231pa 4.09 x 10.2 2.92 x 10-

233U 2.73 x 10.2 1.95 x 10-5

__4u 3.14 x 10' 2.25 x 10-2

-__ __ ___ __23_u 6.38 x 101 4.56 x 10-2

__ _ _ __2__U 2.62 x 102 1.87 x 10'-

238u 1.17 x 100 8.36 x 10-4

2'7Np 1.57 x 102 1.12 x 10-1
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Table E-1. Inventory of Research Reactor Spent Fuel2 (assumes that the research reactor
fuel is all highly enriched and emplaced in 1400 Direct Co-Disposal Waste
Packages) (Continued)

ISOTOPE TOTAL CURIES
CURIES PER

.________ _ . (55.9 MT) PACKAGE

231pU 5.35 x 106 3.82 x 103

239Pu 1.67 x 105 1.20 x 102

pu p 9.54 x 104 6.81 x 10'
241PU 8.11 x 106 5.79 x 103

________________ 1.43 x 102 1.02 x 10-1

7__Am 8.55 x 105 6.11 x 102

242mAm 1.60 x 102 1.14 x 10-'

243Am 5.92 x 102 4.23 x 10-1

24Cm 8.07 x 103 5.76 x 100

245CM 1.25 x 100 8.91 x 10-

2"Cm 8.55 x 10-2 6.11 x 10-5

1.28 x 10-2 9.12 x 10'

2ZAC 1.47 x 10-2 1.05 x 10-5
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E-3.2 Performance Assessment Results

Results were calculated for the expected annual dose to an individual over a one million year
period after repository closure. Here "expected" is used in the sense of using the expected
value of a distribution of values for various uncertain parameters. The word calculated is
used throughout because over this long time period the results are highly uncertain and may
not occur at all because of conservatism built into the performance assessment models. The
calculated dose was assumed to be from drinking two liters of water per day from a well
located at the accessible environment down gradient from the repository.

Figure E-1 shows the annual dose from the entire repository over one million years. .The
results for a repository without the research reactor fuel are not shown because when plotted
on a log scale they appear to be identical to those shown in Figure E-1. The annual dose
attributed to the research reactor fuel alone is shown in Figure E-2 and is more than three
orders of magnitude below that from the entire repository. Because of the conservatism
caused by assuming that all of the research reactor fuel is highly enriched, the results shown
in Figure E-2 would be somewhat lower if the actual inventory of radionuclides had been
used (i.e., by a factor of less than teft). Thus, Figure E-2 represents a worst case result for
the scenario analyzed.

The results for the case in which the dissolution/alteration rate was increased by a factor of
ten are not shown because they appear identical to the results shown in Figure E-2. The
increased dissolution/alteration rate does not affect the height of the 23Np peak which is
controlled by the solubility of 237Np and its parents.

The results of this performance assessment indicate that the dose from the research reactor
spent fuel are more than three orders of magnitude below the doses from the entire
repository and are masked by the 63,000 MTU of commercial spent fuel. The difference in
dose with and without the 55.9 MTU of research reactor spent fuel are not discernable on a
log, plot of doses. Thus, the effect of adding research reactor spent fuel to the repository is
considered to be insignificant. The long-term annual dose from the research reactor fuel is
largely controlled by the inventory and solubility of 37Np and its parents. Thus, disposal of
other waste forms with similar inventories in a geologic repository should yield similar
results.
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Figure E1. Expected-Value Annual Dose History for One Million Years from the Entire
Repository (TSPA-1995 Inventory Plus Research Reactor Fuel).
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Appendix F
Aluminum-Based Spent Nuclear Fuel Treatment and Disposal Technologies

This appendix contains additional information regarding several of the aluminum-based spent
nuclear fuel (SNF) treatment and disposal technologies evaluated by the Task Team.
Technical papers have been included, where available, to provide detailed discussion of the
processes and related research and development efforts. Summary information, similar to
that shown on the Treatment Technology Synopses (Volume 1), is included where
appropriate.

For each technology, at least one point of contact is provided as a source of further
information. In addition, the majority of the technologies are discussed in the DOE-Owned
Spent Nuclear Fuel Technology Integration Plan (DOE/SNF/PP-002, Revision 1, May 1996).

Note: Certain technical systems described in Appendix. F were developed for applications
other than SNF, such as the Glass Material Oxidation and Dissolution System
(GMODS) description. Other treatment descriptions were developed for different
packaging configurations, such as Press and Dilute.

The technical materials included here are as follows:

Press and Dilute
Includes Process Flow/Block Diagram

Melt and Dilute
Attachment: "Melt-Dilution - A Simplified Technology for Processing Aluminum

Based Spent Nuclear Fuels."

Plasma Arc Treatment
Attachment: "A Direct, Single-Step Plasma Process for Converting Spent Nuclear

Fuel and Associated Wastes into Vitreous Ceramic.Final Waste Form:
A Description."

Glass Material Oxidation and Dissolution System (GMODS)
Attachment: "Conversion of Plutonium Scrap and Residue to Borosilicate Glass

Using the GMODS Process."

Dissolve and Vitrify
Attachment: "Vitrification of Spent Nuclear Fuel Executive Overview"

Electrometallurgical Treatment
Attachment: "Electrometallurgical Treatment of Aluminum-Matrix Fuels"
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Press and Dilute

Introduction

The Press and Dilute treatment system is a simple, mechanical volume compaction technique
that is used to dilute the isotopic concentration of highly enriched uranium in aluminum-
based fuels. The process discussed here involves the use of the 125-ton MPC; however,
because other storage and transport alternatives are being considered, this part of the process
and the diagram is not definitive as of yet.

Process

The Press and Dilute treatment process is as follows:

a) The SNF is pressed into an approximately 1" thick by 3-1/2" wide by 35" long block.

b) The pressed SNF is layered with depleted uranium (the U-238/U-235 ratio will
depend on the enrichment desired).

c) The depleted uranium and SNF are pressed to lock the pieces together, with
dimensions of approximately 8" thick by 4" wide by 36" long.

d) A total of 6 pressed blocks are placed into a stainless steel can approximately 8.8"
OD square by 156" (maximum) long and up to 0.25" wall thickness.

e) The can is welded shut.

f) Finally, the can is placed into a storage/shipping container similar to the 125-ton
MPC.

Waste Form

This pressed metal waste form will have the properties of solid aluminum, uranium and
uranium-aluminum alloy. The waste form will be oxidized in the long term into metal
oxides. By placing depleted uranium between the pressed highly-enriched uranium (HEU) or
low-enriched uranium (LEU) SNF, the total package enrichment could be diluted below the
commercial SNF limit of 2 wt% uranium-235. Thus, it is anticipated that the oxides of both
uranium-235 and uranium-238 will be leached at a similar rate and thus both near and far
field criticality potential, if any, will be similar to commercial SNF.

Advantages and Disadvantages

The primary advantages in this technique are controlled criticality (through use of the
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depleted uranium), and the possibility of a reduced number of storage canisters (due to the
"sandwiching" of waste blocks). The simple technology required to execute this process is
also an advantage.

However, because of the dimensional requirements of the process itself, some SNF forms
may not be suitable for this option. Fuel characterization must be known in order to
process. Also, in order to prevent criticality in the repository, a low enrichment level is
required for all waste material, and to keep the enrichment down a significant amount of
depleted uranium must be used. This would require a larger number of repository waste
canisters and a greater amount of repository space.

References

1. "Foreign Research Reactor Task Team Report - Press and Dilute/Poison Option,"
SNFP-FRR-Options-96-0001 Rev 0.

For Additional Information, Ples-e Contact:

J. Richard Murphy
Westinghouse Savannah River Company
(803)557-9737
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Melt and Dilute

Introduction

A melt-dilution process is being developed at Savannah River Site to provide a simplified,
easily demonstrated technology for the conversion of aluminum-based spent nuclear fuels into
a waste form suitable for emplacememt in a geologic repository. This technology uses a
single-step melting process to reduce the volume of the spent fuel, to reduce the uranium
enrichment to prevent criticality risks, and to provide an easily characterized waste form
while minimizing the creation of secondary wastes.

Process

a) The fuel is cropped and melted with depleted uranium and/or nuclear poisons.

b) The metallic waste form is compacted.

c) The waste form is sealed in a corrosion resistant container which surrounds, a
multiphase aluminum alloy that incorporates such materials as fission products,
uranium, and plutonium in an aluminum matrix.

Waste Form

If desired, by using slag-metal technologies, certain radionuclides may be selectively leached
to produce a final metallic waste form containing few volatile fission product species.
Utilization of this technology would convert the spent fuel into a waste form suitable for
repository disposal with minimal impact to future disposition options should they be required.
The melt-dilution process would provide a standard waste package that retains the uranium in
a -form suitable for recovery.

Advantages

1. Very low capital investment for the operation.
2. Superior waste form, and flexibility of the process to adaption for addition of poisons

or glass frit.
3. Pretreatment of the fuel is not required.
4. Much of the procedural control and sensors technology can be adapted from the

metals treatment industry.
5. Off-gas systems requirements are similar to existing systems.
6. The system is totally enclosed, eliminating radiation exposure hazards.
7. Characterization techniques can be adapted from the metallurgical industry.
8. The process can be tailored to specific types of spent nuclear fuel.
9. Secondary waste is minimal.
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10. Other benefits such as meeting criticality requirements, reduced proliferation of fissile
materials, and immobilization of waste are generic and comparable to the other
treatment technologies.

Attachments

Attached is an additional writeup describing the'Melt and Dilute treatment option.

For Additional Information, Please Contact:

N.C. Iyer
Westinghouse Savannah River Company
(803)557-2695
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Melt- Dilution
A Simplified Technology for Processing
Aluminum Based Spent Nuclear Fuels

A melt-dilution process is being developed at SRS to provide a simplified, easily
demonstrated technology for the conversion of aluminum based spent nuclear
fuels into a waste form suitable for emplacement in a geological repository. The
product of the melt reconfiguration treatment is a compacted (volume reduced),
metallic waste form that contains uranium, fission products and plutonium in an
aluminum matrix, all contained in a "container" which have corrosion
characteristics superior to those used for the LWR waste forms. This technology
uses a single step, melting process to reduce the volume of the spent fuel, reduce
the uranium enrichment to minimize criticality risks and provide an easily
characterized metallic waste form while minimizing the creation of secondary
wastes. Further, if desired, by using slag-metal technologies, certain radio
nuclides may be selective leached so as to produce the final metallic waste form
containing little volatile fission products species.

Benefits of this process include very low capital investment for the operation, a
superior waste form compared to the LWR waste forms, a flexible process which
can be readily adapted to the addition of poisons, readily adaptable to the
addition of glass frit to develop borosilicate glass waste form if necessary, low
potential for airborne contamination and radiation exposure.

The process is based on the simultaneous melting of spent fuel sections in.a
permanent mold that is contained in a resistance furnace. The furnace is
enclosed in a chamber which is connected to a off-gas system similar. Figure 1
shows a schematic of the furnace arrangement The spent fuel gradually fills the
container in the furnace. A lid or cap would be welded to the top of the mold to
provide the waste form. Depleted uranium and/or other neutron poisons, if
required, could also be incorporated into the melt during melt-diludon
operation. Further, glass frit can also be added during the melt dilution process
if borosillcate glass waste forms are desired for certain variety of spent fuels.

Laboratory scale melt-dilution/compaction facility capable of melting sections of
Mark 22 aluminum clad spent nuclear fuel element, was developed at SRS, . A
prototype furnace was also constructed. The melt-compaction process was
demonstrated with non-irradiated aluminum clad fuel tubes. Full scale
demonstrations, including cap welding and both destructive and non-destructive
characterization and evaluation of the simulated waste form will follow the
selection of an optimum container material. Demonstration tests using full
length irradiated fuel can be subsequentlyinitiated.

Although, the melt-dilution technology is primarily applicable to the aluminum
based fuels, utilization of this technology would convert this category of DOE
owned, spent nuclear fuels into a repository suitable waste form with minimal
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impact to future disposition options should other options be required. The melt-
dilution process will provide a standard waste form package that retains the
uranium in form very suitable for recovery, should future generations desire to
utilize the available energy. Additionally, if repository suitability is achieved
simply through the introduction of nuclear poisons rather than dilution with
depleted uranium, the highly enriched uraniun could be recovered through a
relatively simple metal smelting operation.

FLOWA LOL~I

Figrel1: Schematic of Melt Dilution Furnace Facility
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Plasma Arc Treatment

Introduction

The Plasma Arc Process is a feasible treatment plan that is primarily aimed at efficiently
creating a safe waste form that has a high SNF loading capability. This single-step process
requires little or no pretreatment, and therefore reduces worker radiation exposure risks and
the separation costs of fuel decladding and size reduction.

The waste form is a vitreous ceramic material that is very durable due to its rigid crystalline
lattice. It meets all of the conservative criteria required for the repository and is cost
effective in its elimination of safety hazards. Proliferation risk is minimal due to the
difficulty of recovering any fissile elements from this specific waste form.

Attachment

Attached is a document that explains in detail the process and product of this treatment
option.

For Additional Information, Please Contact:

Xiangdong Feng
Pacific Northwest Laboratory
(509)373-7284
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A Direct, Single-Step Plasma Process for Converting
Spent Nuclear Fuel and Associated Wastes into

Vitreous Ceramic Final Waste Form: A Description

X. Feng
R. E. Einziger

R. C. Eschenbach

Pacific Northwest National Laboratory
*Retech of Lockheed Martin

January 1996 (Draft)

Summary

A single-step plasma arc process for converting aluminum-based highly
enriched uranium (HEIl) spent nuclear fuel (SNF) is proposed to be jointly
developed by Pacific Northwest National Laboratory (PNNL) and Retech of
Lockheed Martin (Retech). This technology is built on the extensive experience of
nuclear waste form development and low-level nuclear waste treatment using the
commercially available plasma arc centrifugal treatment (PACT) system through
Retech. Spent nuclear fiuel elements and associated wastes are loaded directly into
a PACT-2.0 system with minimum characterization and pretreatment. An effective
off-gas treatment system for plasma-arc process has been developed to treat
volatile and semi-volatile materials for low-level/mixed nuclear waste treatment
and a modification of the system is applicable for treating SNF, where there are far
less volatile materials. The loaded filters and other wastes captured in the off-gas
treatment are recycled back into the furnace to minimize secondary wastes. The
vitreous ceramic waste form is similar to the borosilicate nuclear waste glass,

. except that it is more durable and has higher waste loading. The vitreous ceramic is
suitable for permanent disposal in a geological repository and for interim storage.
Criticality safety is assured through the use of"batch" mode (processing one batch
at a time), and controlling the amount of fuel processed at one time. Minimum
product volume is. achieved because high-density vitreous ceramic is produced
almost entirely from SNF and associated wastes with minimum additives and
minimum secondary wastes. This plasma process is based on a mature commercial
plasma-melting technology, extensive development for LLW nuclear wastes, and
work between PNNL and Retech to develop a method of remote operation of
plasma-arc processing for melting fuel cages in the late 1930s. It has the early
involvement of a commercial partner. This plasma technology can be directly
applied to treat many other types of DOE fuels besides aluminum highly enriched
uranium SNF.
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1.0 Introduction

A plasma-arc process (see Figure 1) for converting spent nuclear fulel (SNF)
(e.g., aluminum, metallics, oxide, carbide, hydride, sodium-bearing, and zirciad)
and associated wastes (sludge.' soil, metal fragments, metal containers, and
concrete debris) into a vitreous ceramic (VC) final waste form will be developed at
Pacific Northwest National Laboratory* (PNNL) with support from Retech of
Lockheed Martin (Retech), MSE, Inc.; Science Application International
Company; Westinghouse Savannah River Company; and the University of New
Mexico.

This process is based on plasma-melting technology developed and
commercialized by Retech. The process combines the expertise and experience of
PNNL, which developed and tested VC waste forms for the plasma-arc procers
and evaluated and integrated treatment technologies, and of the MSE and Retech,
which developed and tested plasma arc centrifugal treatment (PACT) melting and
conducted a large-scale demonstration of treating nuclear wastes using plasma
technology.

Spent nuclear fuels in assemblies are loaded directly into the PACT furnace. A
second feeder can add contaminated soils, sludges, concrete debris, and additives,
simultaneously, if needed. Little or no pretreatment (characterization, sorting, size
reduction, and separation) is needed for the processing, which results in reduced
radiation exposure to personnel and lower treatment costs. The final product, a
vitreous ceramic waste form, is produced at the end of each batch of melting.

2.0 Description

2.1 Minimum SNF Characterization

The vitreous ceramic waste form has the flexibility to accommodate feed
composition changes within large ranges; the elemental composition information
needed for waste-form formulation usually can be obtained through information on
the types and the history of fuel production and service. If such information is not
available, then rough analyses through X-ray diffraction or other types of
inexpensive methods to provide elemental compositions with p/- 5 wt% accuracies
are sufficient. If the service history cannot provide highly enriched uranium (HEU)
and actinide contents accurate enough for criticality control, then an adequate
analysis of these elements will be required; similar to other treatment technology.
There is no need to analyze for accurate contents of hydrides, water, organics, and
surface areas, and to assess the conditions of the fuels, as is required by some other
technologies.
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2.2 Minimum Pretreatment

Minimum pretreatment is required because SNF in assemblies can be loaded
directly (a required element of every furnace or any other technology) into the >

PACT system feeder without size reduction, clad and fuel separation, or any other-
pretreatment. The fuel assembly is sliced into small pieces by a plasma torch before
being dropped into the centrifugal tub of the furnace. Other associated wastes,
such as sludge, concrete debris, metal fragments, fuel containers, sand, soil, other
basin debris, and ion-exchange materials, also can be fed directly into the furnace
without sorting separation, size reduction, and drying.

2.3 A One-Step Process

A schematic of the plasma process is provided in Figure 2. 1. The major
components of the PACT system are the feeder; the primary chamber with rotating
tub; the plasma torch; an SCC with after-burner (which is optional): a vitreous
ceramic collection chamber; and an off-gas treatment system.

From the time a fuel assembly is fed into the rotating tub (together with other
associated wastes or additives, if necessary) from the side of the furnace, until the
vitreous ceramics are discharged from the bottom of the furnace, there are no
discrete individual steps that can be distinguished; the process can be stopped at an
intermediate step without harm to the process as a whole. There is no material
transfer from one tub to another tub (except for the off-gas) and no evolvement-
of-use of different instrumentation during the process. Therefore, it is fair to say
that this is a single-step process, from feeding to end product. It is, however,
possible to divide the melting process conceptually into different stages, as
described below.
Feeding Stage: The feeding SNF assembly is sliced and dropped into the rotating
tub as the SNF element is fed into the fiunace;

* Melting and Oxidizing Stage: The fed materials are melted and oxidized tinder
the plasma torch;

* Melting Stage: The melted and oxidized materials are homogenized during
centrifuging and under the depression of the torch force; and

* Discharging Stage: The rotation speed of the rotating tub Lnws down and
vitreous ceramic is discharged into a canister.

All of the above stages are continuous in a single-step process.
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2.4 Off-Gas Treatment

The plasma-arc process is similar to any other high-temperature process in
which glasses or ceramic waste forms are produced, in that some particulates and
volatile and/or semi-volatile elements will escape from the melts. An off-gas
treatment system is necessary to capture these particulates and volatile/semi-
volatile elements. Extensive work has been performed during the development of
the plasma-arc process for treating mixed and low-level wastes where many more
volatile elements are presented (MSE, Inc. 1994; Hassel 1994). These developed
off-gas systems have been shown to be in fulil compliance with Environmental
Protection Agency emission requirements. The useded filters (baghouse, glass
filter, or HEPA filters) are recycled back to the furnace to be made into vitreous
ceramic, to minimize secondary waste generation. The existing offgas systems can.
be modified as necessary for treating SNF.

2.5. Criticality Control

Criticality safety is ensured through equipment design and operation in batch
mode. A PACT-2.0 system will be used as a fill-scale system during SNF
treatment. This system has a rotating tub of 2.0 feet or less in diameter (the
geometric limit will be determined through criticality considerations); only
critically safe amounts of HEU and Pu are allowed in each batch of melting. The
melted vitreous ceramics are completely discharged and the rotating tub is checked
for possible HEU accumulation before the next batch of a melt begins. Criticality
can occur with HEU metal in sufficient quantities, but it cannot occur when the
HEU is dissolved in the vitreous ceramics at an appropriate concentration, such as
-below 4% while the total uranium content can be as high as 40 wt%. The
incorporation of neutron poisons such as Gd or Hf in the vitreous ceramics can be
used to further reduce the possibility of nuclear criticality. Gd and Hf have been
shown to have chemical behavior similar to uranium in vitreous ceramics, and they
occupy the same-lattice spaces as uranium and plutonium.

2.6 Waste Streams

Spent nuclear fuel and associated wastes are made into vitreoau ceramic final
waste form. Secondary wastes from off-gas treatment and the used filters are
recycled to the furnace and immobilized into vitreous ceramics. A limited amount
of water used in the off-gas treatment may be treated through the existing waste-
water treatment facility at the DOE site; the loaded ion- exchange materials can
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also be made into vitreous ceramics. A limited amount of fission gas is generated,
as would be the case with many other proposed technology where glasses or
ceramics are produced which involves high processing temperatures.

Vitreous ceramics promote the formation of stable and low-solubility (in
water) crystalline phases that are embedded in a glas matrix rich in network
formers such SiO. and AltO,. The crystals formed (e.g., zirconolite, perovskite,
zircon, and spine)) can (1) incorporate large contents of uranium (more than 30
wt%*), plutonium (aisut 15 wt%/*), other fission products, and neutron poisons
such as Gd, Hf. and other rare earths in the lattices; (2) incorporate a large amount
of Al, Fe, Ni, Cr, Zr, and Ti oxides to acconunodte the large metallic content of.
the SNP and the associated sudge; (3) use little or no network-forming elements,
such as silicon, so these latter elements are enriched in the residual glassy matrix;
(4) be durable and insoluble in water because these crystals duplicate those which
have existed in nature for billions of years; and (S) tightly bind to the glassy matrix
so the physical integrity and mechanical strength of the waste form can be
maintained. The residual glassy matrixes in vitreous ceramics are enriched in
network formers and deficient in alkalis and are therefore also more durable than
high-level waste glasses. Furthermore, the residual glassy matrix can immobilize
any hazardous elements that cannot be incorporated in the crystals and offers much
higher flexbility than pure crystalline waste forms, such as synroc and zircon. The
targeted crystals to be formed in each melt depend on the types of fuel and
associated wastes to be fed. The loading of aluminum SNF in vitreous ceramics is
smaller than that for zircaloy SNF, but is much higher than that in a glass.

Recent work (MSE, Inc. 1994; Hassel 1994; Feng 1994; Feng et al. 1994a;
Feng et ad. 1994b; Feng et al. 1994c) indicates that vitreous ceramic final waste
forms are similar to borosilicate glass waste forms, but are more durable and can
have higher waste loading than a glass. Vitreous ceramic waste forms have been
increasingly recognized as a viable final waste form by the waste management
efforts both within and outside of the United States. This waste form has been
used by the U.S. Department of Energy's Minimum Additive Waste Stabilization
Program (Feng et al. 1994a; DOE 1994) for mixed waste; by WINCO of Tdaho
Falls for calcined high-level wastes (Vinjamuri 1994); by MSE, Tinc (Rattleson
1094); and SAIC (Geimer et al. 1994); for Buried Waste Integrated
Demonstration, by EG&G (Quapp 1993); for spent fuel, by Switzerland (Hoffelner
et al. 1992); for low- and intermediate-level waste, by Russia (Dmitriyev 1994;
Epel'baum et al. 1994; Sobel et al. 1994); for various wastes, by Au-stralia (White
1994); and by other international efforts (Lutze and Ewing, 1988).

-Feng S



4.0 References

Battleson, D. 1994. "Latest Developments of Plasma Technology at the CDIF," Proc.
Spectrum '94, Atlanta, Georgia.

Dtmitriyev. S.A., S.. Saefanovsky, 1.A. Knyazev, F.A. Lifanov. 1994. "Characterization of
Slag Product from Plasma Furnace for Unsorted Solid Radioactive Waste Treatment," .ci.
BasisNucl. WasteManag..PhiladelphiaPennsylvahin.

Epel 'baum, M.B., A.S. Chekhmir, T.P. Salova, A.I. Golodnova. 1994. "Matrices From
Magmatic Rock for Immobilization of Radioactive Waste," Sci. Bas. NucJ. Waste Manag.-
Philadelphia, Pennsylvania.

Feng, X. 1994. "Development of Vitreous Ceramic as Final Waste Forms for Mixed
Wastes," Proc. Ameencan Chemical Society "Emerging Technologies in Hazardous Waste
Management VI," September 19-21, 1994, Atlanta, Goorgia.

Feng, X., G. Ordaz, and P. Krumrine. 1994a. "Glassy Slag - A Complementary Waste
Form to Hninngennus Glags for the Implemcntation of MAWS in Treating DOE Low-
level/Mixed Wastes," Proc. Spectrum '94, August 14-18, 1994, Atlanta, Georgia

Feng, X., D. J. Wronkiewicz, J. K. Bates, N. R. Brown. E. C. Buck, N. L. Dietz, M. Gon&,
and ..W. Emery. 1994b. "Vitreous ccramic For Minimum Additive Waste Stabilization,
Interim Program Report, May 1993 - February 1994," Argonne National Laboratory Report
I ANL-94/24, Argone,- Illinois.

Fang, X., D. Wronkiewicz, N. Brown, M. Gong, C. Whitworith, K Filius, and D. Battleson.
1994c. "Comparison of Glassy Slag Waste Forms produced in Laboratory Crucibles and in a
Pilot Scale Plasma Furnace," Proc. Americon Chemical Society special symposium
"Emerging Technologies in Hazardous Waste Management VI,' September 19-21, 1994,
Atlanta, Goorgia.

Geiner, R., C. Dwight, and G. McClellan. 1994. "The Plasma Hearth Process
Demonstration Project For Mixed Waste Treatment," Prn. .Vpectrum'94, Atlanta, Georgia.

Hassel, G. R., J. A. Batdort RM. Geimer, G. 1.. Leatherman, J.M. Wilson, W.P. Wolf, A.
Wolerman. 199.1. "Evaluation of the test results from the plasma hearth prooesi," Science
Applications International Corporation, Riport OSAIC-94I1095, Idaho Falls, ldahn

Hoffelner, W., A. Chrubasik, R.C. Eschenbach, M.R. Funfschilling, and B. Pellaud. 1992..
"Plasma Technology for Rapid Oxidation, Melting and Vitrification of Low/Mediun
Radioactive Waste," Nuclear Eng. Intern.,

Lutzc W., and R.C. Ewing. 1988. Radioactive Waste Forawmfor the uture, Nonh-
Holland, Amstwrdam.

MSE, Inc. 1994. "Test results fionm plasma centrifugal firnace demonstrations mnder the
buried waste integrated demonstration," Repot OPCF-DO26, Rutte, Montana.

Quapp, W.J., T.L. Eddy, G.A. Reimann, R.L. Miller. 1993. "Feasibility ofVitrificadon of
Spent Nuclesr Fuel Using Iron-Enriched Basalt," Proc. Emerging Tech. Hazardous Waste



Manag., Washington, DC.

Sobolev, 1., S. Stefanovsky, F. Lifanov. 1994. "Synthetic Melted Rock-Type Waste
Fonns," Sci. BaRs. Nucl. Manag.. Philadelphia, Pennsylvania.

U. S. Department of Energy, Office of Technology Development. 1994. "Mininmm
Additive Waste Stabilization (MAWS)," Technology Summary DOEI/EMI124P.
Washington, DC.

Vinjamuri, K. 1994. "Solid-Based Glass-Ceramic Waste Forms for Immobilization of the
Fluorine/Sodium Calcined High-Levcl Waste Stored at the Idaho Chemical Plant," Proc..
Spectrum'94, Atlant, Georgia.

White, T.J. 1994. 'Synthetic Mineral Immobilization - A Revitalization Technology," S&i
Bas. NucL Waste Monag., Philadelphia, Pennsylvania.

Feng 2



A Direct and Single-Step Plasma Arc
Process for Spent Nuclear Fuel

PNL

A Block Diagraph of the Plasma Arc - Vitreous Ceramic Process for
Treating Spent Nuclear Fuels
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Glass Material Oxidation and Dissolution System (GMODS)

Introduction

GMODS is a treatment technology for the direct conversion of metals, ceramics, and
amorphous solids to borosilicate glass. Organics are oxidized with the residues converted to
glass. Chlorides are converted into a low-chloride borosilicate glass and secondary sodium
chloride stream. This capability allows direct conversion of SNF to glass. GMODS is a
new glass making treatment technology, using unusual starting materials, but does not
produce a new glass waste form.

Advantages

The GMODS process is a general purpose process for conversion of radioactive waste to
glass. If GMODS was developed to convert aluminum-based spent fuel to HLW glass, the
option exists to later use the facility to convert other highly radioactive solid wastes to glass.
Such wastes could include (1) other miscellaneous spent nuclear fuels, (2) hot cell wastes, (3)
remote handled transuranic wastes, and (4) highly radioactive decommissioning wastes from
reactors or process buildings. The final waste form would be either HLW or remote
transuranic waste depending upon the feed material.

Attachment

Attached is a detailed description of the GMODS Process.

Foi Additional Information, Please Contact:

Charles W. Forsberg
Oak Ridge National Laboratory
(423)574-6783
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Conversion Of Plutonium Scrap And Residue To Borosilicate Glass Using The
GMODS Process

Charles W. Forsberg, Edward C. Beahm, George W. Parker,
Jeff C. Rudolph, Karla R. Elam, and Juan J. Ferrada

Oak Ridge National Laboratory
P.O. Box 2008

Oak Ridge, Tennessee 37831-6495

ABSTRACT
Plutonium scrap and residue represent major national and international concerns because
(1) significant environmental, safety, and health (ES&H) problems have been identified with their
storage; (2) all plutonium recovered from the black market in Europe has been from this category; (3)
storage costs are high; and (4) safeguards are difficult.

It is proposed to address these problems by conversion of plutonium scrap and residue to a CRACHiP
(CMiticality, Aerosol, and CHemically Inert Plutonium) glass using the Glass Material Oxidation and
Dissolution System (GMODS). CRACHIP refers to a set of requirements for plutonium storage forms
that minimize ES&H concerns. The concept is several decades old. Conversion of plutonium from
complex chemical mixtures and variable geometries into a certified, qualified, homogeneous CRACHIP
glass creates a stable chemical form that minimizes ES&H risks, simplifies safeguards and security,
provides an easy-to-store form, decreases storage costs, and allows for future disposition options.

GMODS is a new process to directly convert metals, ceramics, and amorphous solids to glass; oxidize
organics with the residue converted to glass; and convert chlorides to borosilicate glass and a secondary
sodium chloride stream. Laboratory work has demonstrated the conversion of cerium (a plutonium
surrogate), uranium (a plutonium surrogate), Zircaloy, stainless steel, and other materials to glass.
GMODS is an enabling technology that creates new options. Conventional glassmaking processes

- require conversion of feeds to oxide-like forms before final conversion to glass. Such chemical
conversionrand separation processes are often complex and expensive.

INTRODUCTION
In the United States, significant ES&H concerns' have been identified with the storage of plutonium
scrap and residue. A similar situation is thought to exist in Russia. All of the plutonium recovered from
the black market in Europe has been from this category. Storage costs are high and safeguards are
difficult. These difficulties are a direct result of the characteristics of these materials. Plutonium scrap
and residue normally consist of only a few weight percent plutonium, but the total volume and mass
exceed that of clean plutonium. The materials have highly variable chemical and nuclear characteristics.
Some of the chemical forms are hazardous and corrode their containers.

It is proposed to address these problems by conversion of plutonium scrap and residue to a CRACHIP
(M&iticality, Aerosol, and _Hemically Inert Plutonium) glass using the Glass Material Oxidation and
Dissolution System (GMODS). CRACHIP refers to a set of requirements2 for plutonium storage forms
that minimize ES&H storage and transport risks. Conversion of plutonium from complex chemical
mixtures and variable geometries into a certified, qualified, homogeneous CRACHIP glass with fixed
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dimensions in standard containers (1) creates a stable chemical form that minimizes ES&H risks, (2)
L~-~ simplifies safeguards and security (number count safeguards), (3) provides an easy-to-store form, (4)

decreases storage costs, and (5) allows for future disposition options.3

GMODS is a new process" for directly converting scrap and residue into glass. Earlier glassmaking
processes required that plutonium feed material first be a relatively pure oxide-like material before being
converted to glass. This requirement implied a complex processing step to yield an oxide form
acceptable for conventional glass melters. The technical and economic difficulties in conversion of
plutonium scrap and residue to CRACHIP glass have been major barriers for this treatment option. The
objective of GMODS development is to provide a low cost, technically feasible process to' make
CRACHP glass.

A NEW APPROACH TO PLUTONIUM STORAGE AND DISPOSITION
Before any option to treat plutonium scrap and residue can be undertaken, the requirements for the
anticipated product must be defined. A CRACHIP glass must (1) be mechanically stable and must not
form aerosols under storage or accident conditions, (2) be chemically inert, and (3) contain sufficient
neutron poisons to prevent nuclear criticality with any quantity of material and/or any geometry. This
addresses the near-term ES&H issues. This glass must also allow multiple disposition options: long-
term storage, recovery of plutonium (with some difficulty), and disposal of plutonium as a waste. In the
intermediate term, a CRACHIP form minimizes storage costs and ES&H storage risks, and simplifies
safeguards.

The requirements and criteria for CRACHEP glass are similar to those required for high-level-waste
(HILW) glasses. Radioactive wastes become less hazardous with time; hence, the fundamental concept
in waste management is to isolate (store) these wastes until they are nonhazardous. Glass has been
chosen worldwide as the preferred HLW storage and transport form because of several of its properties:
(1) acceptance of impure feeds, (2) low solubility in water, (3) chemical inertness, (4) acceptable
mechanical integrity, (5) ability to handle high heat loads from decay heat, and (6) avoidance of nuclear.
criticality by use of neutron poisons. The similar requirements of waste management and plutonium
scrap and residue management provide the basis for defining performance requirements for CRACHIP
glass storage with performance equivalent to that of HLW glass.

Several groups are developing optimum compositions47 for high-plutonium-loaded glass. For
plutonium scrap and residue, traditional HLW glass compositions may also be modified for the
plutonium and other components in the feed. In this case, plutonium is a minor component in the glass.
Glass compositions must be optimized to accept both the plutonium and the other components in the
feed.

Regardless of the long-term disposition of plutonium scrap and residue, storage is the only viable near-
term option. This implies that the near-term incentive for conversion of plutonium scrap and residue to
any storage form is to minimize storage costs. CRACEP glass reduces the storage requirements and,
in turn storage costs for plutonium scrap and residue by the following mechanisms:

* Nuclear Criticality. Plutonium is currently stored in vaults in small containers (traditionally <5 kg
of plutonium per container) that are widely spaced to avoid nuclear criticality. CRACHIP glass with

2.



neutron poisons eliminates criticality control as a vault requirement and thus reduces the vault size.
In large vaults, most of the space is empty for geometric criticality control and can be eliminated if
the material is stored as CRACHIP glass.

* Volume Reduction. Conversion of heterogeneous materials to a high-density, monolithic glass
further minimizes storage costs.

* Safeguards. Conversion of highly heterogeneous materials to homogeneous glass in a standardized
package allows for (1) more precise and reliable safeguards, (2) automated systems, and (3)
number-count safeguards. This minimizes the costs of safeguards.

THE PROCESS: GMODS

Conversion Of Metals, Ceramics, Amorphous Solids, And Organics To Glass
GMODS converts plutonium and the other elements within the scrap and residue directly to borosilicate
glass. GMODS is a batch process (Fig. 1) during which sequential process steps convert feeds to glass.
The initial condition for the process is a melter filled with a molten oxidation-dissolution (lead borate)
glass, which has a composition of 2 or more moles of lead oxide (PbO) per mole of boron oxide (B2 03 ).

The PbO is a component of the glass and a sacrificial oxide. The process consists of the following
steps:

Addition offeed material to the molten dissolution glass (Fig. J.b). The ceramic (plutonium
oxide (PuO2), etc.) and amorphous components in the feed dissolve into the glass. While metals
and organics do not dissolve into conventional molten glasses, the GMODS dissolution glass has
special properties to process these materials in situ. The inclusion Qf the sacrificial
oxide-PbO-in the molten glass provides a method to oxidize in situ (a) metals to metal oxides
and (b) -organics to carbon dioxide (CO2) gas and steam. When plutonium or another metal is
fed to the melter, it is converted to a metal oxide. These metal oxides dissolve into the glass;
carbon oxides (in gaseous form) and steam exit the melter. The reaction product, molten lead,
separates from the glass and sinks to the bottom of the melter to form a separate layer,

Pu + 2PbO -PO 2 + 2Pb1
. .~~~~~~~2

C +2PbO -COn t + 2Pb I

* Addition of glass additives [silicon oxide (Si)) etc.J to improve the product quality (Fig. 1. c).
The optimum compositions of glasses for rapid oxidation-dissolution of materials in molten glass
are different in composition from those for long-term durability; thus, additives that create a
more durable glass are introduced after feed oxidation-dissolution takes place.
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Fig. 1. GMODS batch processing of plutonium-containing material to borosilicate glass.

Addition of carbon to remove excess PbO (Fig. J.c). Carbon reduces the PbO to lead metal
while producing gaseous CO2. Excess PbO is removed from the dissolution glass for multiple.
reasons: (1) more durable glass, (2) reduction of the volume of glass, and (3) avoidance ofthe
costs to provide added sacrificial PbO. The final glass may contain some or no lead, depending
on the final desired glass composition.

* Pouring glassfrom the furnace followed by solidification (Fig. J.d).

* Addition of B203 and PhO, as needed4 to the melterfor processing the next batch of materials
(Fig. 1.e).

* Reoxidadion of the lead at the bottom of the melter to PbO by adition of oxygen (Fig. Lfi.
This oxidation creates the new dissolution glass for the next batch offeed to be processed. Lead
is an oxygen carrier that does not leave the system. The oxidation reaction is

2J + 02 - 2P0
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Conversion Of Chlorides to Low-Chloride Borosilicate Glass And A Secondary
Sodium Chloride Stream
GMODS is designed to convert chloride-containing plutonium residues to glass and create a separate
nonradioactive sodium chloride.(NaCl) waste stream. Halogens, such as chloride, make poor-quality
storage forms; hence, they must be separated from other components in plutonium residues. The
analogy used in waste management is that good storage forms (silica, titanates, etc.) for radioactive
materials can be found at any ocean beach. Materials that dissolve in seawater (chlorides, etc.) make
poor storage forms.

The separation process for chlorides is shown in Fig. 2. In the dissolution glass, chlorides in the feed
form lead chloride (PbCI2), which is volatile at glass melter temperatures and exits to the aqueous
sodium hydroxide (NaOH) scrubber. In the scrubber, the PbCI2 reacts with the NaOH to yield insoluble
lead hydroxide [Pb(OH)2J and soluble NaCI salt. The insoluble Pb(OH)2 is recycled back to the melter
where it decomposes to PbO and steam, while the aqueous salt stream (NaCQ) is cleaned and discharged
as a chemical waste.
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Conversion Of Heterogeneous, Poorly Characterized Feed Materials To High-Quality
Homogeneous Glass
A certified, qualified, high-quality, homogeneous glass product is required. Thus, an approach similar to
that used to produce speciality metals and glass is used, where scrap and residue are fed to the melter
and a homogeneous molten glass solution is produced. With a homogeneous glass solution,
composition can be determined by limited sampling using mass spectrometric analysis. From the
chemical analysis, the required compositions of additives can be determined to produce an appropriate
product glass. This strategy, which depends on the ability to create a homogeneous glass from poorly
characterized feed materials, is achieved by two mechanisms:

GMODS can accept wide variations in the chemical composition of the feed and convert the
materials to a homogeneous glass. This capability is a prerequisite because it avoids the need for
detailed sampling of feed materials to ensure processability.

* The GMODS melter uses process tomography instrumentation"' to determine in real-time when
a homogeneous glass solution has been created. Homogeneous solutions imply homogeneous
radiation fields that instrumentation can detect. With variable feeds, dissolution times will vary
widely. Instrumentation ensures homogeneous feeds without requiring that tests be conducted
on every feed to determine required dissolution times.

EQUIPMENT
The primary GMODS equipment is an induction-heated, cold-wall melter (Fig. 3 shows a small
commercial type), which is required because of the corrosive characteristics of the initial dissolution
glass. Cold-wall melters have cooling jackets in the wall to produce a "skull" of solidified material that
protects the wall from the melter contents. They are used to melt high-temperature materials (e.g.,
titanium and superalloys) and to produce ultrapure materials (e.g., glass for fiber optics). Russia,
France, and the United States are modifying such equipment for processing various radioactive wastes.
Batch size may be as large as several hundred kilograms for plutonium scrap and residue with low
plutonium concentrations. In Europe, cold-wall melters are currently being developed for throughputs
of up to 800 kg/h'- fas in excess of the size required for this mission.

STATUS OF DEVELOPMENT

Investigations of Process Steps
Some steps of the GMODS process are new, while others are parts of standard industrial processes.
Experiments were performed to understand and prove the unique features of GMODS. Literature
searches have been conducted to understand those parts of the process that are used in other industrial
processes. Each step has also been accomplished in our laboratory.

Laboratory experiments were conducted in platinum and high-fired aluminum oxide crucibles within
vertical tube furnaces. Platinum was used for experiments that did not involve lead (lead dissolves into
platinum at high temperatures). Various ceramic crucible materials were investigated for use in
oxidation process experiments. While the dissolution glass dissolves oxides, the rate of dissolution with
Coors'h high-fired aluminum oxide crucible is sufficiently low for short-time experiments.
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A typical experiment involved several hundred grams of material, with uranium and cerium being used
as plutonium surrogates. Plutonium tests have been proposed. The plutonium content of scrap and
residue is, at most, a few weight percent; hence, in terms of chemical processing, plutonium is a minor
component.

Addition offeed material to the molten dissolution glass (Fig. I. b). The addition of feed materials
involves oxidation, dissolution, and mixing of feeds with the molten dissolution glass. Each of these
steps has been investigated.

Tests'demonstrated the dissolution of U02, ZrO2 , A1203, Ce203, MgO, and other oxides. The glasses
were examined by a variety of methods to ensure complete dissolution. As expected, the high-boron
oxide glass melt had good dissolution capabilities for oxides. In analytical chemistry, B 203 is the
standard chemical reagent for fusion dissolution of unknown oxides because of its capability to dissolve
such materials. Boron oxide is also the key component in many welding fluxes, which are used to
dissolve iron oxides into a glassy slag during the welding process so that they are not incorporated into
the weld.

Oxidation-dissolution tests demonstrated the oxidation of the following metals and alloys followed by
the dissolution of their oxides into the melt: U, Ce, Zircaloy-2, Al, stainless steel, and other metals.
Figure 4 shows cerium glass and lead by-product from a test of oxidation of cerium metal (plutonium
surrogate).

Oxidation-dissolution tests also demonstrated the oxidation of carbon and graphite, with production of
CO2. For centuries, lead oxide has been used to oxidize organics10 . It is the basis for the fire assay
method for recovering noble metals (primarily gold) from silicate rock; Lead oxide, various organics,
and silicate rocks are mixed together and heated. As the mixture melts, the lead oxide is reduced to
metal by the organic. The noble metals in the molten mass then dissolve into the lead, which forms a
separate layer that sinks to the bottom. This layer is then processed to separate the noble metal from
the lead.

Limited chloride dissolution tests with NaCl demonstrated that -lead exits the dissolution glass as PbCI2
thus providing a separation of the chloride from other materials. This is a major mechanism for lead to
escape from processes where lead and chlorides coexist at high temperatures.' The basic chemistry is
well understood.

Experimental measurements were made of the viscosity of the dissolution glass with various added
materials. Experience in the glass industry indicates that molten glass viscosities should be below 100
centipoise (about the viscosity of olive oil) for good mixing and creation of homogeneous glasses.
Based on our experimental data, the GMODS dissolution glass temperature will need to be between 800
and 1000lC. The final processing temperature after addition of the silica will be above 10000C because
this addition increases glass viscosity.

Addition of glass additives [silicon oxide (SiC)) etc.] to improve the product quality (Fig. . c). This
process step is essentially identical to that used for producing many specialty glasses.'2
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glass melter.

8



Addition of carbon to remove excess PbO (Fig. I.c). This process step is used in several lead-smelting
processes, such as the QSL process, to recover lead metal from lead oxide in molten slag." This step
has also been demonstrated with HLW glass in hot cells for recovery of fission product noble metals at
Pacific Northwest Laboratory,' 4 using a modification of the fire-assay method described above.
Because some proposed plutonium glasses are variants of HLW glasses, this experience is particularly
relevant.

-Pouring glass from the furnace followed by solidification (Fig. l.d). This is a standard operation used
by the glass industry.

Addition of B 20, and PbO, as needed, to the melter for processing the next batch of materials (Fig.
I.e). This is a standard operation used by the glass industry for producing lead borosilicate glass (fine
crystal).

Reoxidation of the lead at the bottom of the melter to PbO by addition of oxygen (Fig. 1.).
This is one of several processes used for producing lead oxide for batteries and other uses.U3

Flowsheet Analysis
An analysis of GMODS was performed using the process simulator FLOW."' The simulator includes a
set of rules to choose glass compositions that meet process (viscosity, etc.) and performance
requirements, using Savannah River HLW glass as a basis. The analysis identified criticaliprocess
parameters when processing plutonium scrap and residue to a borosilicate glass,,which is designed to be
equivalent in performance to HLW glass. The two key observations were as follows:

Incentives exist to maximize the GMODS operating temperature. For example, processing 1 kg
of plutonium-containing chloride salt residues at 1 103 C yields 6.5 kg of glass under standard
conditions. Allowing the processing temperature to increase to 11670 C reduces the final glass
quantities to about 3 kg. In this case, the waste loading in the glass is limited by the need to
minimize molten glass viscosity during process operations to ensure good glass mixing.
Increasing the processing temperature decreases the glass viscosity, minimizes the need to add
sodium oxide, to lower glass viscosity by changing the chemical composition, and allows a higher
waste loading in the product glass. With the use of cold-wall, induction-heated melters that are
not temperature-limited, the limitation on the maximum process temperature is volatilization of
selected glass components.

* Incentives also exist to blend different feeds to minimize glass volumes. For example, blending
plutonium salt and ash residue streams and converting them to glass reduces the final volume of
glass by about 50% as compared with separate conversion of the two materials to glass. Final
glass volumes are minimized because the ash stream provides necessary silica and aluminum to
the final product glass, while the chloride stream provides necessary sodium to the final product
glass.

The flowsheet simulator also afforded a bounding estimate of glass quantities if scrap and residue at
Rocky Flats were converted to glass by GMODS. For "lean" scrap, 232 mf of glass would be produced
with an average plutonium content of 0.06%. For "rich' scrap. 34 rn' of glass would be produced with
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an average plutonium content of 2.4%. The actual quantities of glass may be significantly less when
higher process temperatures are used.

The quantities of glass produced from processing plutonium scrap and residue are not determined by the
plutonium (due to its low concentration) but, rather, by other components in the scrap or residue. The
set of constraints includes: glass processing temperatures, solubility limits of specific elements in the
product glass, and glass durability under repository conditions. If the goal is to minimize glass volumes
in order to minimize storage or disposal volumes, selected pre-processing of some residues can be
undertaken to minimize specific elements that most impact glass volumes. This choice involves a series.
of trade-offs between multiple processes. (Note that organics and chlorides in feeds have little impact on
final glass volumes because GMODS is a separations, as well as a glassmaking process.)

Equipment
In making a survey of cold-wall, induction-heated melters, the range of operating conditions was found
to substantially exceed the potential range of GMODS operations. Industrial melters are designed to
operate at up to 25000 C; some of them operate with molten metal and slag. Recently, a small
experimental melter has been built in our laboratory (Fig. 5) to provide a better understanding of this
technology. Tests of this melter are under way.

Development Perspective
The analytical testing and laboratory development work have demonstrated each step required for
GMODS and identified equipment, instrumentation, and other components required for GMODS. A
significant effort, however, will be required to convert GMODS into an industrial technology. This
effort will include a better understanding of the process, integration of process steps into a system, and
development of equipment.

SUMMARY
GMODS is a new process for the direct conversion of plutonium scrap and residue to CRACHIP glass.
It is designed to (1) convert metals, ceramics, and amorphous solids to glass; (2) oxidize organics with
conversion of residues to glass; and (3) convert chlorides into a chloride-free borosilicate glass and a
secondary clean NaCl stream. GMODS is an enabling technology, since it creates new plutonium scrap
and residue management options. Because these options address common national security, non
proliferation, and ES&H concerns, they may be acceptable to both the United States and Russia. As a
new technology, however, GMODS has significant technical uncertainties that must be resolved in
additional studies.

DISCLAIMER
The views expressed in this paper are those of the authors and do not necessarily reflect any biases,
proposed actions, or decisions of the United States Government or any agency thereof.
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Dissolve and Vitrify

Introduction

In the Dissolve and Vitrify process, the SNF is dissolved electrolytically and depleted
uranium is added to reduce the enrichment of the waste form. Glass forming chemicals are
added to the resulting solution, and then vitrified directly.

Process

The process is as follows:

a) The SNF is added to an electrolytic dissolver of the type currently contained in the
SRS H-Canyon. The solution in the dissolver is nitric acid saturated with boric acid.
This system is run as a batch process. The uranium concentration in the solution is
maintained below 10 g/L for nuclear safety.

b) The resulting solution containing dissolved SNF will be transferred to a holding tank.
Chemical and isotopic analyses will be performed. The solution will be adjusted
(e.g., to a desired solids concentration) and then transferred to a melter feed tank.
Unless it is demonstrated to be mandatory for proper mixing, dissolver feed solution
and glass forming chemicals (or frit) will not be mixed until the vitrification step.

c) The feed solution and glass forming chemicals will be fed to a joule-heated melter and
fused into a glass. The melter can be sized to process the feed from at least four
electrolytic dissolvers of the type at SRS. The molten glass will be poured out of the
melter into stainless steel canisters. The glass product will be designed so that it
meets all requirements for acceptance at a geologic repository.

Advantages

All aspects of the treatment have been demonstrated at full production scale at the Savannah
River Site. Uncertainties are minimized by reliance on proven, mature technology.
Secondary wastes can be treated as high level waste. The similarity of the waste form to that
qualified for high level waste is expected to reduce the qualification burden.

Attachment

Attached is an overview of the Dissolve and Vitrify treatment process.
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Overview

This document describes technologies which could be used to vitrify spent nuclear fuel.
Two viable processes are described. Fuel could be electrolytically dissolved in acid
solution and then mixed with glass forming chemicals and vitrified in electric furnaces or
melters. An alternate approach would be to dissolve the fuel in molten lead borate and
then add glass forming chemicals to make the final glass, which would be done in an
induction melter. The processes and their relative advantages and disadvantages are
described. It is recommended that both options be pursued to the extent that facility,
production, and storage costs for each process may be accurately estimated.

Summary

Two technologies for dissolving and then vitrifying the spent nuclear fuel stored at the
Receiving Basin for Off-site Fuel (RBOF) at the Savannah River Site are described. The
processes would each convert spent fuel to a glass which shall meet all acceptance
requirements for high-level waste. No apparent reasons were identified which preclude
either option from being performed in existing "Hot" canyon facilities.

One process option would be to utilize existing fuel dissolution technology. There are
several existing processes for dissolving spent fuel. One potential method (used as a
basis for this report) would be to charge spent fuel to an electrolytic. dissolver (same type
as located in the SRS H-canyon) converting it to an acid solution, predominately
containing aluminum, uranium, and boron. This solution would then be miuxed with glass
forming chemicals and vitrified into high-level waste glass by a commercial joule heated
melter. Both ends -of this process are based on very mature and well known technology.

Another, potentially more direct method for dissolving and vitrifying spent fuel is the
Glass Material Oxidation and Dissolution System (GMODS) process, a new technology
developed by the Oak Ridge National Laboratory. Spent fuel would be fed into a molten
solution of lead oxide and boric oxide. The lead oxide would oxidize the metallic
components (mostly cladding). The resulting alumina and uranium oxide would then be
dissolved into the borate (the lead being greatly depleted) system. The molten solution
would then be mixed with glass forming chemicals to make high-level waste glass. As a
new technology, GMODS is a less certain process, but does offer the added potential for
processing a very large range of miscellaneous high-activity wastes in addition to spent
fuel.

While the two options have obvious differences, both dissolution steps result in a solution
which is dominated by boron, aluminum and uranium. This will probably allow the glass
formulations (and the resulting waste acceptance process) to be quite similar, independent
of the dissolution process. Further, this should allow the two processes to be more
closely, and evenly evaluated as opposed to completely divergent technologies.

Introduction

The Savannah River Site (SRS) will likely be required to manage up to 34,000 Material
Test Reactor equivalents (MTRE) of spent nuclear fuel. Depending on the outcome of
current National Environmental Policy Act (NEPA) activities, the storage or processing
of spent fuel at SRS may continue through the year 2035. The current management plan
for the SRS fuel (predominately Al clad fuel) investigates several processing and storage
options which serve as input to the NEPA activities. This document was written at the



request of the DOE to provide additional options for dissolving fuel and immediately
processing into high-level waste glass. The primary goal was to identify feasible
processes which could be performed in either existing facilities or in additions adjunct to
existing facilities.

The following sections provide a brief description of each process. The expected glass
production rate and waste loading are estimated. Minimum development activities are
identified and then conclusions are discussed.

Process Descriptions

This section provides a brief description of the primary chemical processing steps which
will be necessary for either vitrification option. The product glass form and the expected
production rate are discussed. Detailed estimates of process costs for either option can be
generated on an equivalent basis as soon as the GMODS process is developed to the
degree described in the Path Forward section.

(Option 1. Traditional Fuel Dissolution Followed by Vitrification

Spent nuclear fuel could be dissolved and vitrified at either F or H canyon at the SRS.
The process described here is based on electrolytic dissolution followed by vitrification in
a commercial joule heated melter. Electrolytic dissolution was selected as a basis for
discussion since it avoids the addition of mercury (which is a part of Mercury-Nitric Acid
dissolution method) or the need to dilute the enriched uranium with depleted uranium (as
required by a 12 step dissolution method used in F-Area). Mercury is not compatible
with vitrification processes and would need to be removed prior to the vitrification step.
Dilution of the uranium would greatly increase the total amount of glass to be made. The
electrolytic dissolver (of the type at the SRS H-canyon) was designed to handle enrfched
fuel and does not require mercury as a dissolution aid. It is also capable of processing Zr
clad fuel. The process for converting the spent fuel to glass would consist of the four
primary chemical processing steps described below.

1) Spent nuclear fuel is added to the electrolytic dissolver (each dissolver
could process on the order of 27kg aluminum per day). The solution
in the dissolver is'nitric acid saturated with'boric acid. This system is
run as a batch process and the U concentration in solution will be
maintained below IOg/L. Electrolytic dissolution and the processing
cycles are detailed in "Processing of Irradiated Enriched Uranium Fuels
at the Savannah River Plant," and the associated references.

The fuel will contain an aluminum to uranium mass ratio between 6 to
60 and the nitric acid solution also contains considerable boric acid. The
total dissolved solids of the solution will be of sufficient concentration that
minimal solution adjustment is expected prior to delivery to the melter.

2) The resulting dissolver solution will be transferred to a holding tank and a
sample will be pulled-for chemical and isotopic analysis. The solution will
be adjusted (if necessary) and then transferred to a melter feed tank.
Unless it is demonstrated to be mandatory for proper mixing, dissolver
feed solution and glass forming chemicals (or frit) will not be mixed until
the vitrification step.



3) The feed solution and the glass forming chemicals (or frit) will be
delivered to the melter from separate sources and mixed together in a
single feed line just prior to being fed onto the melt cold cap. The melter
will be a joule heated unit, probably a close derivative of the commercial
melter undergoing testing as part of the Transportable Vitrification
System (TVS). This melter can be sized to process the feed from 4 or
more electrolytic dissolvers - i. e. the TVS unit is capable of producing up
to 65kg / hour glass from a wet sludge feed. Another possible option is an
induction melter (the type required for GMODS).

4) The feed solution and glass forming chemicals are fused into a glass which
meets all high-level waste acceptance requirements and the glass is then
poured from the furnace and allowed to solidify.

Option 2. Glass Material Oxidation and Dissolution System (GMODS)

GMODS is a process by which spent nuclear fuel is directly converted to a high-level
waste glass product. GMODS can directly:

1) convert metals, oxides, and amorphous solids to borosilicate glass,

2) convert chlorides to glass with production of a secondary non-radioactive
sodium chloride chemical waste stream,

3) oxidize organics with residues converted to glass.

Conventional vitrification processes have limited ability to handle metals, chlorides and
organic bearing materials. GMODS, therefore, can directly process a broader range of
materials than conventional vitrification processes. Spent nuclear fuel typically consists
of metal or oxide fuel with metal clad and requires chemical pretreatment prior to
vitrification (as described above). GMODS includes a chemical pretreatment step and
initial testing at SRS indicates the GMODS product can indeed be mixed with glass
forming chemicals to form a glass which will meet the acceptance criteria for high-level
-waste. The GMODS- process is based on converting spent nuclear fuel to glass through
three sequential batch operations. The initial condition for the process is a melter filled
with molten lead borate. The starting molar ratio of PbO to B 2 0 3 is 2 or more (Ž2). This
is a very fluid and corrosive melt. The process consists of the steps described below.

I) Spent'nuclear fuel is added to the molten lead borate. The ceramic
(uranium oxide, etc.) and amorphous components quickly dissolve into the
melt. The metallic components are oxidized by the PbO into metallic
oxides. These oxides, in turn, dissolve in the melt. This oxidation process
(for metallic Al cladding) is written as:

2A1 + 3PbO w Al203 + 3Pb0

* PbO, therefore, is a sacrificial oxide which is converted to metallic lead as
a reaction product. Molten lead has a density sufficiently high to sink to
the bottom of the reaction vessel. The remaining lead borate and metallic
oxide float above the molten lead and the dissolution reactions proceed.



The properties of molten lead borate allow for rapid oxidation and
dissolution of metals and ceramic solids. PbO is a powerful oxidanL
However, some metals form a protective oxide coating which can slow
chemical reactions. B 2 03 is a solvent of metal oxides and rapidly
dissolves such coatings. It is the combination of both PbO and
B203 that makes GMODS feasible.

2) After oxidation/dissolution of the spent nuclear fuel, various glass
additives (such as SiO2) are added to the melt. This is done to convert the
GMODS melt (which is quite soluble) to a more durable glass form. This
glass will be formulated to meet all acceptance criteria for high-level
waste.

3) The high-level waste glass is poured from the furnace and allowed to
solidify.

As necessary, all or some of the PbO may be removed from the system during step 2 (by
additional reduction reactions). Lead oxide is only left in the glass if (1) it improves
performance of the glass or (2) allows higher wrote loadings in the glass. The resulting
metallic Pb is oxidized and recycled for a new GMODS batch. The GMODS process and its
preliminaryfacility basis are detailed in, 'New Glass Material Oxidation and Dissolution
System Facility: Direct Conversion of Surplus Fssile Materials, Spent Nuclear Fuel, and
Other Materials to High-Level Waste Glass, and the associated references.

Glass Product and Production Rates

The glass product form for either process is expected to be a borosilicate glass with a
composition tailored to maximize the waste loading. Regardless of glass type, the glass
product will meet all acceptance criteria for high-level waste, i. e., be of a quality
consistent with Defense Waste Processing Facility (DWPF) glass. It is expected that the
concentration of aluminum will be the limiting factor with respect to waste loading in the
glass.. The waste loading should be no lower than _25 percent dissolved fuel by weight
(400kg fuel will result in 1600kg glass - or one DWPF canister volume). The primary
glass development effort will be to maximize the waste loading (30+ weight percent may
be achievable) and glass density as this would greatly reduce the total glass volume
created and project cost.

Production of the glass is not expected to be the limiting factor associated with the
process. Commercial induction or joule heated melters currently being evaluated for
waste vitrification processes have capacities equivalent to (or greater than) the DWPF
melter. The limiting factor will be the fuel dissolution. Based on the processing rates
discussed above, it appears that the commercial melter with s65kg glass per hour output
could process the total production of up to four electrolytic dissolvers. GMODS will
need to be further evaluated but can likely be scaled to accept batch charges on the order
of ten's of kilograms.



Path Forward

An initial GMODS and glass formulation development program are recommended. The
program would be a joint effort of ORNL and SRS. The program would be centered
around the following activities:

1) GMODS Process Development
This activity would include experiments and modeling activities to
develop an understanding of.processing time (fuel dissolution and glass
mixing and melting), auxiliary equipment requirements (off-gas and need'
-for size reduction of feeds), and equipment sizes for a given feed. This
data is required input to determine the engineering feasibility and provide
an estimate of facility requirements.

2) Waste Glass Formulation
This activity would be centered around developing glass formulations (for
each process option) which maximizes waste loading and still meets the
acceptance requirements for high-level waste. This information is
essential for providing the lowest cost process. Glass compositions will
also be tested to ensure compatibility with melter materials.

3) Facility Analysis
This activity would entail gathering the available information for
electrolytic dissolution and the data obtained from Item 1 above
(GMODS) and comparing the effective utility and costs for each option
(and their potential configurations). The waste form data obtained in Item
2 would then be included to provide basic plant requirements and a
cost/benefit analysis. Emphasis would be placed on providing a facility
with capability to process.the various high-activity waste streams which
require remote handling. A cost/benefit analysis comparing existing and
new facilities will be provided.

:ORNL and SRS would closely coordinate these tasks to ensure the engineering scale
development activities and glass formulation work are consistent with the basic
requirements and capabilities of nuclear material processing. The majority of effort
undertaken in the first six months of the project would be centered around Item's 1 and 2.
Two full-time personnel'at SRS and two at ORNL would be required. After this initial
R&D phase, the facility analysis tasking could begin. The end deliverable would be
facility upgradelcost estimates and initiation of pilot scale operations.



Conclusions

Vitrification of spent nuclear fuel is feasible. Two basic processing options appear to be
technically viable and should be further developed to determine the best choice. One
process would utilize existing SRS canyon facilities and methods to dissolve spent fuel in
acid solution and then process the acid solution into glass using a commercial glass
melter system. The other process, GMODS, would directly convert spent nuclear fuel to
a high-level waste glass. The more traditional approach involves considerably less
uncertainty, but will generate more secondary waste and may require more physical
space. The GMODS process (developed at ORNL) has a higher associated process risk
due to its early state of development, but offers the greater flexibility towards treating
miscellaneous spent fuel and other high activity wastes without major process flowsheet
or equipment changes. Both processes will result in. a glass form which will meet all
acceptance criteria for high-level waste. Oak Ridge National Laboratory and the
Westinghouse Savannah River Company are prepared to jointly develop these processes
utilizing the complimentary capabilities of their technical personnel and infrastructure.
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Electrometallurgical Treatment

Introduction

Electrometallurgical Treatment of SNF builds upon an existing technology, and is compact and
economical. Facilities and equipment are in place that have sufficient capacity-to treat several of
the fuel types, and the process is readily adaptable to a wide variety of SNF.

Waste Form

Electrometallurgical Treatment generates a small amount of waste regarding repository
disposition, and essentially no secondary low level waste. . Its waste form is uniform and
predictable, providing for straightforward isotopic dilution of highly enriched uranium.

Attachment

Attached is a document that explains in detail the process and produc&t of this treatment option.

For Additional Information, Please Contact:

James L. Willit
Argonne National Laboratory
(708)252-4384
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1. INTRODUCTION

The U.S. Department of Energy faces a dilemma
concerning spent aluminum-matrix reactor fuel. Over the
next forty years, 128 metric tons of spent
aluminum-matrix fuel will be shipped to the Savannah
River Site from U.S. and foreign research reactors. When
originally fabricated, this fuel contained over 55 metric
tons of uranium at an average enrichment of -20%. At
Argonne National Laboratory we are developing a
cost-effective electrometallurgical process for recovering
uranium from these aluminum-matrix fuels. The uranium
that can be recovered from this fuel has a commercial
value of over $300 million. Recovering the uranium also
reduces the amount of high-level waste that must
ultimately be disposed of in a geological repository. Other
options for dealing with this fuel are (I) using existing
facilities at Savannah River to recover the uranium or
(2) disposition of the fuel, including the uranium, in a

. geological -pository. The first -option cannot handle all
the researcii reactor spent fuel, because around 2005 the
processing canyons at 'Savannah River will* be-
decommissioned.' Direct disposition of the metallic fuel
in a geological repository 's another possibility, as is
disposition following conversion to a glass or ceramic
waste form. However it is questionable whether the NRC
will allow direct disposal of highly-enriched uranium
metallic fuel in the repository. Also, the high level waste
volume can be reduced by about a factor of ten by removal
of the aluminum and uranium from the fuel by some type
of processing. This results in a significant savings in
disposal costs.

The electrometallurgical treatment process described
in this paper builds on our experience in treating spent
fuel from the Experimental Breeder Reactor (EBR-II).
The work is also, to some degree, a spin-off from
applying electrometallurgical treatment to spent fuel from

the Hanford single pass reactors (SPRs) and fuel and flush
salt from the Molten Salt Reactor Experiment (MSRE).
In treating EBR-II fuel, we recover the actinides from a
uranium-zirconium fuel by electrorefining the uranium out
of the chopped fuel. With SPR fuel, uranium is
electrorefned out of the aluminum cladding. Both df
these processes are conducted in a LiCI-KCI molten-salt
electrolyte. In the case of the MSRE, which used a
fluoride salt-based fuel, uranium in this salt is recovered
through a series of electrochemical reductions.
Recovering high-purity uranium from an aluminum-
matrix fuel is more challenging than treating SPR or
EBR-II fuel because the aluminum-matrix fuel is typically
-90% (volume basis) aluminum.

Thermodynamic calculations predict that
electrorefining'a uranium-aluminum alloy in a molten
chloride electrolyte will not vield a clean separation of
uranium from aluminum. To ci'cumvent these difficulties
we modified our process. l'ke first modification was
changing from a LiCI-KCI electrolyte to a LiF-KF
electrolyte. By switching molten salts we are able to
electrotransport aluminum to the electrorefiner cathode,
leaving uranium and metal fission products behind in the
basket of the anode. The aluminum obtained will be high
purity and disposed of as low-level waste. Then in a
second electroefiner we will recover high-purity uranium.
Fission products will be converted to oxides, then.
incorporated into a glass that can be fed into the Defense
Waste Processing Facility (DWPF) at Savannah River or
be incorporated into DWPF-type glass in a small-scale
glass melter.

A diagram of the electrometallurgical process is
shown in Figure 1. The process will be performed in an
inert atmosphere enclosure located in a shielded facility.
The process operations are grouped into three types of,.



operations: (1) head end steps. (2) electrorefining and
consolidation steps. and (3.) oxidation and glass-forming
stzps. This paper will dsicuss the overall process
fl.wsheet with' particular emphasis on the

thermodynamics involved in the aluminum and uranium
electrorefining steps.

. Fluorapatite

DWPF'

Figure 1. Electrometallurgical Treatment Flowsheet for Aluminum-Matrix Fuels (LLW=low-level waste,
TRU=transuranics, Fps--fission products)

'i. HEAD-END STEPS

In the first head-end step, the fuel assembly ends are
removed, then the fuel is sorted and compacted. Next, the
fuel is melted in an enclosed tilt-pour furnace. . Because
silicon complexes with uranium and enhances the
separation of aluminum and uranium, silicon is added to
the molten fuel at this pc int. Then the molten fuel is cast
into anodes. In the melting step we expect that the
volatile fission products (ceshlm, rubidium, bromine,
iodine, xenon, and krypton) will vaporize. These volatile
species, with the exception of xenon and krypton, will be
captured in a fibrous alurninosilicate (fiberfrax) trap above
the molten metal. We used a similar trapping method to
capture volatile metals, iodine, and bromine in the ANL
Melt Refining Process and have successfully trapped
100% of volatilized cesium and sodium.' After casting of
the anodes; the trap material is compressed and added to a
glass melter at the end of the process. Because the entire
process is conducted in an inert enclosure, xenon and
krypton can be vented or trapped in cryogenic traps as part

of the purification system of the - inert atmosphere
enclosure.

111. ELECTROREFINING AND CONSOLIDATION
STEPS

A. General Electrorefining Principles

Electrorefining is used to recover one metal as a pure
metal phase from the fuel and leave the more noble metals
behind in the anode. Electrorefining in niolten halide
salts separates metals, based on the relative
thermodynamic stability, as metal halides. In general, the
species that form the most stable metal halides are the
first to be oxidized at the anode and the last to be
reduced at the cathode. The more noble 'the metal, the
less stable the metal halide that isformed Metals whose
halides are widely separated in terms of thermodynamic
stability (>3 kcal/mol F- or Cl') are readily separated.
Two conditions must be satisfied to obtain a pure deposit



of a metal (M) at the electrorefiner cathode. First. the
voltage of the electrorefiner must be limited to a value
such that no metal more noble than M is oxidized at the
anode. Second. to obtain a high-purity deposit. the
concentration of MX, (where MX,, is the halide salt of
metal M) must be larg'e relative to the other metal halides
formed by oxidation of the spent fuel.

In a molten chloride salt, uranium and aluminum
cannot be separated from the uranium-aluminum spent
fuel. However, by electrorefining, aluminum can be
separated out of a uranium-aluminum-silicon alloy by
switching to a fluoride salt and by adding silicon to the
uranium-aluminum alloy. Figure 2 shows the relative
thermodynamic stability of the metal fluorides in. a
.LiF-KF molten electrolyte after the fuel has been alloyed
with silicon. Toward the top of the diagram are species
that form more stable metal fluorides. As one moves
down the diagram, greater voltages (electrorefiner cathode
vs. electrorefiner anode) are required to electrotransport the
respective metals from the anode to the cathode. The
heavy dashed line represents the break between aluminum
and rare earth metals. If the electrorefimer is operated at a
voltage corresponding to that of the heavy dashed line,
only aluminum will be deposited at the cathode.

uranium electrorefiners. A simplified top view of the
electrorefiner is shown in Figure 3. The anodes are
mounted in a circular array and rotated in the channel
between two cylindrical cathodes. Dendritic uranium
deposits at the cathode in this design and we anticipate
that the aluminum cathode deposit will likewise be
dendritic. The dendrites are scraped off the. cathode by
scrapers attached to the anode baskets. The dendrites
then sink to the bottom of the electorefner where thev are
collected. When all of the aluminum or uranium has been
electrorefined out of the anodes, the current is turned off
the dendrites are 'compressed, and the dendrites are
removed from the electrorefiner.

AL

I '. U-SIaldo

NMF a

_ .

Figure 2. Diagram Describing Electrorefming Separations
of AlU aline Earth Fission Products (AEFPs),
Rare Earths (RE), Transuranics (TRU), Silicon
(Si), and Noble Metal Fission Products
(NMFPs)

In aluminum electrnrefining, the alkaline earth fission
products accumulate ii. the electrolyte, and the actinides,
rare earths, and noble metals remain in the anode. In a
similar fashion, in uranium electrorefining the rare earth
and transuranic fission products accumulate in the
electrolyte, and the noble metal fission products remain in
the anode.

Argonne National. Laboratory has developed a
high-throughput design for both the aluminum and

Figure 3. Simplified Top View of High Throughput
Aluminum/Uranium Electrorefiner

B. Aluminum Electrorefining

In the aluminum electrorefiner; aluminum metal is
oxidized at the anode to form K3AIF6, a species that is
soluble in the LiF-KF electrolyte. - At the cathode,
K3AIF6 is reduced to aluminum metal. To obtain a
cathode deposit of high-purity aluminum, K3AIF6 must be
the least thermodynamically stable metal fluoride in the
molten electrolyte until all the aluminum has been
removed from the anode. To achieve this condition, the
cell voltage must be limited to prevent the oxidation of
rare earth silicides to rare earth fluorides, yet it must be
sufficient to electrorefine all the aluminum. When the
activity of aluminum in the anode has beir! decreased to
104, the theoretical equilibrium cell voltage is -0.2 V.
The calculated data in Table I show the effect of cathode
vs. anode voltage on the activity ratio of K3AIF6 vs.
CeCI3. The low activity ratios at 0 and -0.3 V show that
there are essentially no rare earth fluorides in the salt at
cell voltages less negative than or equal to -0.3 V.
Therefore, a low activity ratio in the molten electrolyte
can be maintained until essentially. all the aluminum has
been removed from the spent fuel, and there will be no
rare earth metal contamination of the aluminum product.



TABLE 1. Calculated Ratio of CeF3 and K-CAIF6 Activities is
Function of Cathode vs. Anode Electrorefiner Voltage

cathode vs. anode(V) | OV | -0.3 V | -0.4 V I
aCeF. aKA3AF 6 7.1 x 10" 6.9 x I0' 0.47

C. Consolidate Aluminum Dendrites

Because some salt will be adhering to the dendritic
aluminum, the aluminum will be melted and coalesced
into .a single metal phase that melts at a temperature
above the melting point of the salt. Then by cooling the
melt below the melting point of aluminum, we can pour
off the salt, which is still molten. The salt is then
returned to the aluminum electrorefiner, and the
consolidated aluminum ingot will be disposed of as
low-level waste.

D. Uranium Electrorefining

After essentially all the aluminum has been removed
from the spent fuel, all that remains in the anodes are the
actinides, rare earths, and noble metals. The next step is
to recover uranium from these anodes in a second
electrorefiner. This uranium electrorefiner is identical to
the one used for aluminum electrorefining, except that it is
filled with a LiF-KF-UF 3 molten-salt electrolyte.
Uranium electrodeposition in molten fluoride electrolytes
has been reported and was found to be similar to
electrodeposition in molten chloride electrolytes.

Because silicon was added in the initial head-end
step, uranium will be present in the uranium electrorefiner
anodes as a uranium silicide (e.g., U3Sis, USi3 ).

Therefore, the anode and cathode reactions, respectively,
are:

F. Periodic Salt Scrubbin'

With continued treatment of spent fuel, there will be
a buildup of alkaline earth fluorides in the aluminum
electrorefiner and of rare earth and TRU fluorides in the
uranium electrorefiner. Eventually this buildup will result
in an-undesirable carryover into the electrorefiner.product.,
It will be necessary to periodically scrub these mnetal
fluorides from the salt or discard the salt. Salt scrubbing
is the preferred choice because it will allow a single batch
of salt to be used in each electrorefiner for the entire
campaign. Several approaches are available for this
periodic scrubbing, including chemical reduction and
oxide precipitation.

IV. OXIDATION AND GLASS-FORMING STEPS

A. Oxidize Uranium Electrorefiner Anode Heels and
Scrubbed Fission Products

The scrubbed alkaline earths, rare earths, and TRUs
are then converted to oxides along with the metal that
remains in the anode after uranium electrorefining. The
operation is similar to an oxidation performed at ANL
previously. The conversion is performed in an air
oxidation furnace. The output from the furnace is an
oxide powder with noble metal fines dispersed throughout
the oxide.

B. Melt Fission Product Oxides and Fabricate IaV .
Glass

A small glass melter will be used to melt the oxide
powder from the oxidation furnace, the compressed
alumincsilicate trap, and additional glass formers. We
anticipate that we will be able to formulate a glass within
the specifications of the DWPF glass. To minimize waste
volumes we have been careful throughout the process to
add only glass-forming oxides (fibrous aluminosilicate)
and silicon, which is converted to silica in the oxidation
furnace. Alumina and silica are components of DWPF
glass. The glass can then be poured into DWPF waste
canisters, which will later be bundled into a waste
package.

V. DEVELOPMENT STATUS

Many of the process steps in Figure I have already
been successfully demonstrated. Uranium electrorefining
in a high-throughput electrorefiner has been demonstrated
at ANL. We have also successfully scrubbed rare earths
out of a molten chloride salt by using chemical reduction

9F- + U3Si5 => 3UF3 + 5Si
3UF3 F 3Umea., + 9F

(anode)

(cathode)

As indicated by Figure 2, these-reactions will occur
at a cathode vs. -anode voltage more negative than used for
aluminum electrorefining. Calculations confirm this
expectation. Whereas aluminum is' electrorefined at
-0.2 to -0.3 V, uranium is electrorefined at -0.4 to -0.5 V.
After all the uranium has been extracted from the anodes,
all that remains in the anodes are the noble metal fission
products. Because the rare earth fluorides and TRU
fluorides are more stable thermodynamically than UF3,
they will remain in the molten fluoride electrolyte.

E. Consolidate Uranium Dendrites

The uranium electrorefiner dendritic product is
"_, consolidated by a melting operation identical to the

operation used to consolidate the aluminum dendrites
obtained in the aluminum electrorefiner. The adhering
salt is returned to the uranium electrorefiner.



with lithium. Melting, casting, and consolidation steps
were demonstrated in the Melt Refining Process at ANL.
The key process operations that have yet to be
demonstrated are electrorefining aluminum in a
high-throughput electrorefiner and scrubbing the alkaline
earth fission products out of the aluminum electrorefiner
salt. Demonstrating these two steps is the main focus of
our R&D effort for the next year. We are also beginning
to design an engineering-scale high-throughput
electrorefiner for demonstration with simulated spent fuel.
Fabrication and installation of this electrorefiner are
scheduled to be complete by this fall.

REFERENCES

I. D. Hampson, R. Frye, and J. Rizzie, "Melt Refining
of EBR-11 Fuel," in Nuclear Metallurgy, P. Chiotti
(ed), volume 15, pp. 57-76 (1969).

2. E. Gay, W. Miller, and J. Laidler, "Proposed High
Throughput Electrorefining Treatment of Spent
N-Reactor Fuel," Proceedings of Spring 1996
American Nuclear Society Meeting, Reno, NV.

3. W. E. Miller, G. J. Bersteing, R. F. Malecha,
M. A. Slawecki, R. C. Paul, and R. F. Fryer,
"EBR-11 Plant Equipment for Oxidation of Melt
Refining Skulls", Proc. 15th Conf. on Remote
Systems Technology, Chicago, IL, Am. Nucl. Soc.,
Hinsdale, IL, pp 43-51 (1967).



Chloride Volatility

Introduction

Chloride Volatility is based on completely volatilizing the fuels element and separating the
gaseous constituents.

Process

The process consists of reacting the fuel with chlorine gas at high temperature (greater than
1200 C), which causes all the fuel constituents to form volatile chlorides. The gases are then
separated by molten salt scrubbing and fractional condensation. There are for major unit
operations:

a) Chlorination and volatilization of all the fuel components at 1200 C,

b) Removal of fission product-, transuranic-, nickel-, and chromium-chlorides in a zinc
chloride scrubber at 400 C,

c) Three condensers for removing, by fractional condensation at temperatures ranging
from 164 to 2 C, ZnC14, FeC13, ZCI03, UC16, SnC14, and 12 vapors that pass
through the scrubber, and

d) Regeneration of the transferred spent molten salt by vacuum distillation to recover
ZnC12, and ZnCl2.soluble ZrC12 for recycle, leaving the fission product-,
transuranic-, nickel-, and chromium-chlorides as residue that would be converted to
oxides or fluorides for vitrification.

Argon carrier gas and unreacted chlorine gas would be recycled, the C12 content adjusted,
and the steam split and passed through the unit, operations in a continuous closed loop.
Periodic shutdown of the coupled unit operations would occur for batch removal of fission
product xenon and krypton gases from the carrier gas (such as cryogenic distillation), batch
transfer of the molten salt to the molten salt regenerator, and batch removal of
nonradiocative constituents and uranium from the condensers.

Waste Form

The small quantity of fission-product/transuranic-product HLW would be converted into a
waste form for repository disposal. The conversion steps to a glass or glass/ceramic form
could involve fluorination and then melting with glass frit additives, or conversion to oxides
by heating at 1000 C with boric acid. Solvent extraction techniques, such as transuranic
extraction (TRUEX), could be applied to the fission product and transuranic product
chlorides for subsequent recycle.
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Advantages

1) A single waste, form will be produced, saving some $1.4 billion in repository costs
over direct disposal.

2) Minimal secondary waste will be generated, compared with aqueous treatment.
3) Difficult separations will be possible that otherwise might not be achieved by aqueous

treatment.
4) The treatment would substantially faster than aqueous treatment, saving substantial

time and operation costs.
5) The fissile components will be removed, eliminating concerns and issues regarding

criticality and theft of fissile material in a repository.

For Additional Information, Please Contact:

Jerry D. Christian
Idaho National Engineering Laboratory
(208)526-0658
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Chop and Dilute

Introduction

The Chop and Dilute option is a mechanical volume compaction technique and is a relatively
simple method of isotopic dilution of highly enriched uranium in aluminum-clad fuel.

Process

Chop- and Dilute involves chopping the fuel elements into small pieces and mixing them with
similar pieces of depleted uranium aluminum alloy.- To preclude criticality in the repository,
the resulting enrichment level of the mixture may have to be an equivalent low U-235
enrichment. This option has the significant disadvantage that is requires a larger number of
waste canisters, inversely proportional to the enrichment levels allowed by the repository'
requirements. If the requirements for criticality control result in 1-2% U-235 enrichment,
then the high level waste volumes will be greater than produced by traditional aqueous
treatment methods.

For Additional Information, Please Contact:

J. Richard Murphy
Westinghouse Savannah River Company
(803)557-9737
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Can-In-Canister

Introduction

The Can-in-Canister option, which borrows its name from the plutonium .immobilization
option, would involve placing already canned highly enriched uranium, spent fuel-elements
into DWPF canisters and; then- filling the. canisters with high level waste glass. Criticality
control combined with the space occupied by HLW glass would significantly limit the U-235
per canister. At three elements per canister, a total of 12,000 canisters. would be required.
for the disposal of DOE aluminum-based SNF. The high level waste glass may be
significantly cracked and would not provide a barrier against water. -.

A variation of ,the Can-in-Canister technique that combines the features. of using the DWPF
high level waste packages to dispose of fuel, while allowing a wide variety of potential,_
treatments, is co-disposal.

For Additional Information, Please Contact:

J. Richard Murphy
Westinghouse Savannah River Company
(803)557-9737
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