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Overview
Definition of Problem Area

A primary mission of the Department of Energy (DOE) and its predecessors has been the
national security of the United States. Since the Manhattan Project, the DOE and its predecessors
have produced special nuclear materials and manufactured nuclear weapons. This historical
emphasi s underwent a significant change beginning in 1989. The Cold War ended and the
START series of treaties dramatically decreased the needed inventory of nuclear weapons.

Tritium and plutonium (Pu) production has been shut down since 1989. The capability to
produce highly enriched uranium (HEU) was shut down in 1992, because the needs of naval
nuclear reactors could be met with HEU from retired nuclear weapons. Approximately 200
metric tons of weapons usable fissile materials have been determined to be excess. The DOE
Office of Fissile Materials Disposition (MD) is responsible for the disposition of this material,
which will be accomplished either by burning the material in reactors to produce electricity, or
immobilizing the material with high-level waste for disposal. All EM weapons-usable materials
not disposed of aswaste will be transferred to MD at a point in time yet to be determined. The
buildings used to store this material cannot be decommissioned while the materials are present.
Hence, the removal of the materials are critical path activities for the closure of facilities such as
those at Rocky Flats, as documented in the Rocky Flats Closure Project Management Plan.

In May 1994, the Defense Nuclear Facilities Safety Board (DNFSB) issued Recommendation

94-1, expressing the Board’s concern about the safety of DOE nuclear materials. Specifically, the
halt in weapons production that began in 1989 froze the manufacturing pipeline, leaving it in a
state that posed significant risks. Hundreds of tons of material were left in a form that was never
intended for storage. They include 13 tons of Pu metal and oxide, 400,000 liters of Pu solutions,
and several tons of Pu contained in 130 tons of process residues. Also included are HEU, U-233,
and special isotopes such as americium, curium, and Pu-238. In response to DNFSB
Recommendation 94-1, DOE established a primary oversight organization, the Nuclear Materials
Stabilization Task Group (NMSTG) within EM-60 to develop an implementation plan and
coordinate the stabilization of the materials.

A subsequent recommendation (DNFSB 97-1) called special attention to U-233 materials.
Largely due to the intense radioactivity associated with these materials, items in storage have not
been inspected since they were packaged many years ago. Current plans involve the stabilization
and consolidation of the inventory for safe storage pending ultimate disposition.

One of the largest single investments by DOE during the past several years has been the
stabilization, characterization, storage, monitoring, and preparation for shipment and disposition
of these materials. The least R&D funding, however, has been devoted to technologies to achieve
these functions in a safe, timely manner.

The estimated costs for management and disposition of DOE’s nuclear materials are shown in
Figure 6-1.
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Figure 6-1. Five-year, ten-year, and life-cycle costs for management
and disposition of nuclear materials.

National Context/Driversand Federal Role

The nuclear material inventories around the country are viewed as a safety and environmental
problem. The safety issues have been highlighted by a number of DNFSB recommendations.
Stabilization of these materialsis also required before inventories can be removed from buildings
to be decommissioned.

The President has offered the U.S. surplusinventories for International Atomic Energy Agency
(IAEA) safeguards. Stabilization of the materialsis required to put them in aform that allows
such safeguards to be put in place.

The United States has determined that excess weapons-usable fissile materialsin the U.S., and
especially in Russia, pose athreat to national and international security due to the potential for
global proliferation and environmental damage. Conversion of these materialsto a form that

makes them difficult to divert and use in nuclear weapons is essential for reducing these risks.

Executing these missionsis a fundamental role of the DOE for the Federal Government.

Linkage to DOE Strategic Goals and Objectives

Nuclear materials R&D initiatives strongly support several DOE Strategic Plan Environmental
Quality Goals and Objectives, as shown in Figure 6-2. Stabilization of the various forms of
material into forms suitable for storage supports EQL (Reduce the most serious risks). It is also
essential for accomplishing the removal of nuclear materials from RFETS, whichison the
critical path for site closure (EQ2 - Clean up as many sites as possible by 2006), as well as EQ3
(dispose of waste generated and make disposal ready). The R&D also hasarole in reducing
life-cycle costs of cleanup (EQ6), because delays in addressing nuclear materials requirements
will delay cleanup activities.
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Figure 6-2. Relevance of nuclear materials R&D investments to Environmental
Quality goals and objectives.

Problem Area Uncertainties

A significant uncertainty in this Problem Areais the limited knowledge of the specific
characteristics of the items that comprise the nuclear material inventory. There has been some
characterization of higher-risk items around the complex; however, many itemswill not be
characterized until they are stabilized and packaged. Historical databases have detailed
information on nuclear material content, but little information on other constituents in the items.
Thisimposes uncertainties in how these items need to be treated to achieve a stable product.

Another area of uncertainty results from the complex, interconnected strategies and plans for
managing materials at DOE sites. Changes in plans, or unanticipated events at one site can
seriously impact requirements at another site, requiring changes in technical approaches for
dealing with these materials. Thisrequires Nuclear Materials R& D personnel to be actively
engaged in the coordination of national strategies.
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R& D | nvestment Trends and Rationale

Figure 6-3 illustrates the current R& D investments for nuclear materials management.
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Figure 6-3. Cumulative investment in nuclear materials areas over 3 years (FY 1998—-FY 2000)

Theinitial response to DNFSB 94-1 focused on devel oping technol ogies to stabilize plutonium-
bearing materials to aform appropriate for long-term storage. In addition, efforts were initiated
to develop a better understanding of the material characteristics and the ability to achieve safe
storage criteria. The characterization effort resulted in a realization that significant changes were
required in storage standards and certification methods. Current efforts are focused on providing
an adequate technology basis for safe storage standards, safe transportation (shipping container
certification), and long-term surveillance and monitoring approaches. The activities are also
being broadened to encompass materials other than plutonium.

Key R&D Accomplishments
Key accomplishments have involved developing of stabilization technologies, characterizing
materials, expanding the technology base for safe storage, and devel oping surveillance and

monitoring approaches. Specific accomplishments are outlined below:

» Developed technologies for the stabilization of plutonium pyrochemical salt process
residues.

» Developed technologies for combustible residue stabilization.

» Developed vitrification techniques for ash, graphite, and sand, slag & crucible residues.

» Characterized and stabilized representative Rocky Flats and Hanford plutonium items.

* Developed moisture measurement methods to certify material stability after processing.

» Expanded the technical basisfor storage of impure plutonium items.
Key R&D Issues
The most important R& D issues are ensuring that the efforts are as relevant as possible to
evolving site needs, requirements, and constraints, and that R&D priorities adequately reflect site

schedule drivers. The strategy for developing technology is to use a systems engineering
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approach which identifies requirements and needs, solicits research alternatives, recommends
acceptable technology choices and monitors performance and progress against established
performance objectives and measures. Programmatic risk assessments of baseline and
competitive alternative technol ogies based on technical maturity score and the date required for
each technology provide prioritization of technology development.
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Problem Area R& D Program Budget: FY98-$19.6M, FY99-$19.5M, FY00-$18.6M

Program Description

The scope of DOE activities includes non-weapons plutonium materials, special isotopes, and
other fissile materials. DOE is working on solutions to site-specific and complex-wide
technology issues associated with nuclear material risk reduction, stabilization, and preparation
for disposition to:

» Expedite complex-wide progress toward cleanup and site closure.
»  Standardize resolutions, practices, and equipment systems.

* Promote integration to meet established requirements.

*  Produce more cost-effective programmatic results.

Currently, the technology development projects are derived from the Plutonium Focus Area
Research and Development Plan, DOE/ID-10561 Revision 3, September 1998. This Research
and Development (R&D) plan defines the current gaps in technology that may pose significant
worker and public safety risk and/or programmatic risk to timely nuclear materials disposition.
This program plan recommends proj ects intended to enhance and expand existing scientific data
to handle, process, store, and safely digposition nuclear materials by resolving gapsin existing
technology. Most of the focus of the effort has been on plutonium. This approach isbeing
broadened to systematically evaluate disposition paths of other nuclear materials aswell. The
nuclear material program also provides technical support to field offices, develops and maintains
core competencies, and provides technical support for short-term critical issues associated with
site de-inventory, cleanup and shutdown.

Perfor mance Testing and Budget: FY98-$5.1M, FY99-$2.7M, FY00-$1.7M
Qualification for Repository

Disposal

Description. The Department plans to disposition surplus weapons-usable plutonium by
transforming this material to forms not readily accessible for use in nuclear weapons, i.e., the
spent fuel standard. Two forms are under consideration: the mixed-oxide spent fuel and an
immobilized plutonium form encapsulated in high-level waste canisters. To support current
Departmental plansto dispose of these formsin afederal geologic repository, two distinct
and paralléd efforts are underway: Performance Testing and Form Qualification. The
Performance testing effort is designed to support analyses for the Repository License
Application. The purpose of the Form Qualification effort is to demonstrate that the
plutonium forms meet deep geol ogic disposal requirements. Lawrence Livermore National
Laboratory is responsible for providing thermochemical and physical property data, and a
long-term dissolution model of the ceramic form. Argonne National Laboratory is
responsible for conducting both short-term and long-term tests to study the dynamic behavior
of the ceramic material. Pacific Northwest National Laboratory is responsible for examining
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the effects of radiation damage on the physical and chemical properties of the ceramic form
and for providing thermochemical data on various complex chemical systems.

R& D Challenges. The R&D €effort establishes tests required to support the development of
models that completely characterize the behavior of a new high-performance ceramic form
containing plutonium under the potentially challenging environment of a geologic repository.
These tests are difficult to perform because most of the elements of concern are below
measurement detection limits.

Another technical challengeis the development of along-term dissolution model that can
adequately predict the dissolution rate of the ceramic form in such a complex environment as
that of the repository, coupled with the many uncertainties that exist regarding unanticipated
future events.

Other challenges also include the lack of important thermochemical data associated with key
chemical elements that are unique to the plutonium form. Significant data gaps identified in
the solubility database of materials will need to be filled in. These specifically relate to the
likelihood of solid phases forming in repository water chemistries that have not been
previously observed or characterized.

R& D Activities. A series of short-term (afew days) and long-term (years) dissolution tests
designed to characterize the degradation behavior of the high-performance ceramic forms are
being conducted. Short-term tests are designed to provide an estimate of the forward
dissolution rate and serve as a comparative test between samples. Long-term tests are
designed to characterize the corrosion behavior of the ceramic form. These tests will also
provide information on the interactive effects of the ceramic with the high-level radioactive
borosilicate glass, colloids formation, and the effects of temperature and pH on the
dissolution rate. Radiation damage due to alpha decay of plutonium is also being studied.
Test results will then be used to synthesize a consistent model to identify the rate-limiting
process. These data will also be used to support criticality analyses, and performance
assessments of the geologic repository.

In addition to the short-term and long-term dissolution tests, a number of other tests are al'so
being conducted to obtain thermochemical data of different phases comprising the ceramic
formulation, and other complex chemical systems, including gadolinium, hafnium, uranium
phosphates, plutonium phosphates, and titanium oxide.

To demonstrate that the plutonium form qualifies for the repository, the Form Qualification
effort will develop the acceptance specifications for the plutonium product, show how
compliance with these specifications will be met, and demonstrate compliance through tests.
A significant effort in the qualification process will be the development of the Product
Control Model. This Model will quantitatively relate the mineralogical composition of the
form as a function of input composition and processing conditions.

Accomplishments:

=  Completed fabrication of single-phase end-member samples.
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= Completed fabrication of process and compositional extreme samples.

Stabilization Process Development Budget: FY98-$5.6M, FY99-$5.9M, FY00-$5.4M

Description. Stabilization Process Development applies to nuclear materials that require
stabilization before being placed in storage to await ultimate disposition. The need for
additional information to reduce the uncertainty created by the complexity of the at-risk
inventory and the variety of physical forms (such as, oxides, salts, ash, solutions) creates a
need for additional R&D.

R& D Challenges:

Comprehensive Assessment of Current Legacy and Anticipated Future Residue Inventories—
Inventories of plutonium residues not included in the major trade studies (38MT of material
containing about 500 kg of plutonium) have no clearly identified path forward, and no trade
study has been undertaken to address all pertinent issues inhibiting disposition. The majority
of these residues are held at Rocky Flats Environmental Technology Site (RFETS) in 30 item
description codes. Additional inventories are held at Hanford and at other DOE sites.
Analysis of preliminary disposition paths for other nuclear materials will clarify technology
needs.

Changing site baseline approaches for managing materiahere have been frequent
changes in baseline technical approaches for managing specific nuclear material inventories.
Thisisdueto several factors:

* Increasesin knowledge of inventory characteristics.
»  Technology development identifying baselines as more difficult than thought.
» Better understanding of disposition path requirements.

The R&D activities need to be adaptable to accommodate baseline changes, which will
continue until the inventories are well characterized, and technologies and requirements
become maturer.

R& D Activities:

Actinide Solution Stabilization Technologies.iquid actinide solutions posed some of the
most serious risks. Techniques for precipitation of plutonium solutions have been devel oped
and implemented. Technologies for vitrification of americium and curium in solutions are
currently being devel oped.

Plutonium Residue Stabilization Technologiddany different forms of plutonium process
residues require a spectrum of approaches and technologies. In general, technical concepts
are tested initially with surrogates for plutonium or inert constituents. The following phases
include hot testing (testing with actual residues), full-scale demonstration, and then site
deployment.
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Stabilization technology development efforts have been initiated for treating pyrochemical
salt residues, ash residues, graphite fines, crucibles, combustibles, and fluorides. Several
approaches were suspended based on trade study recommendations. Others were suspended
after it was determined that some of the materials could be directly discarded. Several
approaches are entering a deployment phase.

R&D efforts are being brought to conclusion for the majority of the residue inventories.
There will likely be additional technology needs established as the remainder of the residue
inventories are evaluated and characterized.

U-233 Sabilization Technologies—The execution of DOE's Implementation Plan for
DNFSB Recommendation 97-1, "Safe Storage of Uranium-233Adtaderated the
inspection, chemical stabilization, and repackaging of selected 233U materials stored in
Building 3019.

Accomplishments:

Salt Oxidation — Salt oxidation has been developed and deployed at RFETS. The process
oxidizes constituents that could exhibit pyrophoric behavior and generate hydrogen in
storage.

Salt Didtillation — Salt distillation is a process that vaporizes and collects the salt component
to reduce the plutonium content of waste streams. Partway through the development, it was
determined that a separation step was not necessary for disposal of salt residues. The
technology is being deployed at Los Alamos for recycling salt in ongoing pyrochemical
operations, thereby eliminating a significant waste stream.

Vitrification — This approach was tested for treatment of sand, slag, and crucible residues,
graphite fines, and incinerator ash. A key challenge was dealing with carbon-dioxide
production, which caused a glass foam. Although this problem was solved, the primary
application was suspended because it was determined that these items could be discarded
without further treatment. However, vitrification is being deployed as a replacement for
cementation in waste operations in order to increase the loading of waste containers.

Phosphate Bonded Ceramics—Chemically-Bonded Phosphate Ceramics have been
demonstrated as a highly stable, leach-resistant means of immobilizing Pu-bearing ash and
ash heel. This project supports residue treatment program at RFETS, if RCRA materials are
not allowed to be transported into New Mexico to WIPP. Chemically Bonded Phosphate
Ceramics will provide the fast-paced waste stabilization enhancement necessary to meet 94-1
milestones. This technology is also expected to prove useful for many other DOE complex
wastes.

Polycube Pyrolysis—Pyrolysis uses a high-temperature inert environment to breakdown and
volatilize polymeric materials. A pyrolysis furnace and off-gas treatment apparatus have been
successfully demonstrated. A pyrolysis system is being delivered for deployment.
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Packaging and Storage Budget: FY98-$7.0M, FY99-$8.9M, FY00-$10.0M

Description. The fundamental strategy for assuring the safe storage of nuclear materialsisto
package stabilized materials in containers that preclude system failures (loss of containment).

R& D Challenges. The diversity and limited characterization of impure material inventory
makes it challenging to develop a comprehensive technical basis for safe storage criteria. In
addition, there are limitations in the understanding of detailed phenomena and processes that
occur in long-term storage packaging systems. Technologies to permit the monitoring and
interrogation of storage containers without violating the integrity of the package are limited.
Surveillance and monitoring equipment and systems may be complicated by the need to
allow for IAEA inspection of excess materials.

R& D Activities. R&D activities are supporting the development of DOE Standards for
nuclear material storage, testing representative samples of the inventory to assure that
stability requirements can be met, devel oping technologies to certify that stability has been
achieved, accumulating an inventory of representative materials to monitor in ashelf-life
program, and devel oping a complex-wide resource for testing of sensor, measurement, and
integration technologies for monitoring and surveillance of materials in storage.

Accomplishments:

Materials Identification and Surveillance — Representative samples of inventories around the
country have been accumulated and tested to verify that stability requirements can be met. It
was determined that ~80% of the materials to be stabilized could not be certified with the
baseline approach, prompting the development of alternative certification approaches.

Storage Container Pressurization—Mechanisms for generating pressures in the sealed
storage containers were evaluated and tested to confirm the adequacy of the DOE storage
standard.

Container Corrosion -The severity of corrosion as athreat to container systems has been
evaluated to support the storage standard devel opment and clarify surveillance requirements.

Russian Technologies. Russian collaborative research projects are funded by the
U.S./Russian Joint Coordination Committee for Environmental Management (JCCEM) under
EM-50 with the projects being managed at INEEL with support from Lockheed Martin Idaho
Technology Company and Argonne National Laboratory-West. The porous crystalline matrix
project offers substantial cost and schedule savings.

This Russian technology provides an alternative to the vitrification process for stabilizing

problematic liquid waste. The technology, termed “gupta” (sponge in Russian), uses a porous
crystalline matrix to absorb liquids at room temperature, followed by evaporating the water
without requiring any heating as needed in other sorbent trapping technologies. The final
waste form is a stable ceramic material, suitable for safe transportation and treatment or long-
term storage. Verification testing, first with surrogate materials and finally with solutions in
inventory, will provide the basis for processing, cost and schedule comparisons.
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Directed Science Budget: FY98-$1.9M, FY99-$1.2M, FY00-$1.5M

Within the Nuclear Materials investment portfolio, DOE funds research that advances
science to solve environmental problems associated with unstable materials, such as
plutonium metals and oxides, highly enriched uranium and nuclides of other actinide
elements, and their long-term storage. Five subcategories of needs were identified in the area
of nuclear materials:

* Nuclear materials stabilization, including forms for long-term disposal.
»  Treatment methods for fissile materials.

» Characterization of fissile materials behavior; thermodynamics and kinetics;
interactions with organometallics, surfaces and organic residues; stabilization and
storage.

=  Development of methodsto verify integrity of storage containers, detect and/or
prevent hydrogen buildup.

»  Development and maintenance of robotic technology to minimize personnel exposure
and handling of storage containers.

Between 1998 and 2000, eight research projects will be funded for atotal amount of $5.5

million. The nuclear materials directed research portfolio is concentrated in the scientific

areas of actinide chemistry, analytical chemistry and instrumentation, engineering science
and materials science.

»  Actinide Chemistry: Challenge of nuclear materials stabilization, as well as efforts
directed at waste minimization/pollution prevention associated with continued
actinide processing activities and waste-form and spent fuel stabilization assessment.
A second study of actinide chemistry research isto develop abasic scientific
(thermodynamic) understanding of actinide volatilization and partitioning/speciation
behavior in the thermal processes that are central to DOE/EM’s mixed waste
treatment program.

» Analytical Chemistry and Instrumentation: Developing a new analytical instrument
based on the principle of nuclear magnetic resonance (NMR) for in situ, in-field and
In-process characterization and monitoring of various substances and chemical
processes. Its development will involve application of the most recent advancesin the
fields of micromachining and microfabrication, permanent magnet materials and
design, and microelectronics and signal processing.

* Engineering Science: Engineering science research in this areais specific to design,
process and modeling to address criticality safety issues of interest in ongoing
activities to dispose of DOE-owned spent nuclear fuel, and to assure criticality safety
of fissile materials during facility remediation. Specifically, the research includes the
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utilization of novel computational techniques, improved nuclear data, and new
analytical methods.

Materials Science: Chemical and structural properties of storage materials, and
radiation effects on storage materials. Research projectsinclude physical and
chemical properties of monazite, pyrochlore, zircon, and zirconolite as ceramic waste
forms; distributions, solubilities, and releases of radionuclides and neutron absorbers
in waste forms; and characterizing the effects of transmutation in a candidate waste
form for cesium-137 by investigating samples of a cesium aluminosilicate mineral.
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Budget Summary Table
(Dallars in thousands)

FY 1998 FY 1999 FY 2000
Program Activity Appropriation Request Request
Performance Testing and 5,100 2,700 1,700
Qualification for Repository
Disposal
Stabilization Process 5,600 5,900 5,400
Development
Packaging and Storage 7,000 8,900 10,000
Directed Science 1,900 2,000 1,500
Total 19,600 19,500 18,600
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