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DEPLETED URANIUM OXIDES AS SPENT-NUCLEAR- FUEL WASTE-PACKAGE 
INVERT AND BACKFILL MATERIALS 

C. W. Forsberg and M. J. Haire 

ABSTRACT 

A new technology has been proposed in which depleted uranium, in the form of oxides or silicates, is 
placed around the outside of the spent nuclear fuel waste packages in the geological repository. This concept 
may (1) reduce the potential for repository nuclear criticality events, and (2) reduce long-term release of 
radionuclides from the repository. As a new concept, there are sigmficant uncertainties. 

1. INTRODUCTION 

The use of depleted uranium (DU) compounds as a repository backfill material is proposed. A 
description of the concept is provided. The mechanisms for use of DU backfill to (1) slow long-term 
radionuclide release rates from waste packages (WPs) containing spent nuclear fuel (SNF) and (2) reduce the 
potential of long-term, external nuclear criticality in the repository are described. The major uncertainties are 
defined as are the required development activities. 

2. CONCEPT: APPLICATION TO A REPOSITORY 

The basic concept is to backfill the space around the outside of the WP with DU in the form of oxides or 
silicates. The concept can be implemented in several ways. The DU can be placed under the WP, over the 
WP, or totally around the WP. The DU can be a free flowing material or packaged to minimize concerns 
about DU dust. The DU (in appropriate chemical forms) can be incorporated into a Richard's barrier or other 
barrier concepts. 

3. REPOSITORY BENEFITS 

3.1 REDUCTION OF RADIONUCLIDE RELEASE RATE FROM THE REPOSITORY 

The expected repository failure mode is radionuclide migration to the open environment by (1) WP 
failure, (2) leaching of SNF by water, (3) dissolution of radionuclides and generation of colloids, and 
(4) transport of those radionuclides in dissolved or colloidal forms to the open environment. The use of DU 
backfills may reduce radionuclide transport by reducing the groundwater dissolution of uranium compounds 
from the SNF that contain fission products and actinides. 
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The DU backfill may be in several different chemical forms when placed into the repository. However, in 

a repository environment similar to that of the proposed Yucca Mountain site, the DU will convert to U308 

and various uranium silicates by the time of WP failure. Unlike the SNF, the DU will not be protected by a 

high-integrity WP. As a consequence, it will chemically evolve in the geological environment. Studies of 

natural analogs to the proposed Yucca Mountain repository show the evolution of uranium compounds in 

such environments [l]. 
If the DU backfill is upstream of the WP and if groundwater flows through the backfill before it enters 

the degraded WP, that groundwater will be partly saturated in uranium. Groundwater partly saturated in 
uranium can not dissolve as much uranium as groundwater without uranium. Therefore, the dissolution of the 
uranium fiom the SNF is decreased with slower transport of SNF uranium., fission products, and actinides 

from the WP. 

3.2 REDUCED POTENTIAL FOR REPOSITORY NUCLEAR CRITICALITY 

Both short-term and long-term nuclear criticality is to be avoided in a geological repository. A nuclear 

criticality event would generate added radioactivity and heat. The heat can accelerate degradation of WPs and 

movement of water that may transport radionuclides to the environment. The added radioactivity and heat 

also create uncertainties in the modeling of the long-term performance of the repository. These and other 

considerations have led to the licensing requirement that nuclear criticality be avoided in a geological 

repositov. 

Use of DU as a backfill material reduces the potential for repository nuclear criticality events by lowering 

the fissile assay of the repository below 1 wt % 235U. The average enrichment of SNF (all fissile isotopes) is 

- 1.5 wt % [2 3. There is a wide distribution of fissile concentrations within the SNF inventory. It is generally 

accepted that a nuclear criticality event will not occur over geologic time at enrichments <I wt % 2 3 5 ~  

equivalent [3-51. Adding DU backfill lowers the overall enrichment of the repository below this value. 
Criticality is prevented in a repository by neutron absorbers and geometric spacing of fissile materials. 

Neutron absorbers include 238U, boron, gadolinium, and other materials. Neutron absorbers (except 238U) 
leach from WPs and travel at rates different from the SNF uranium through the geologic media because of the 
different chemistries of the neutron absorbers in groundwater. Because of possible uranium groundwater 
transport and redeposition (a mechanism that creates uranium ore bodies), it has been suggested that the 

potential for criticality events exists if the fissile concentration in the repository SNF is sufficiently high. In 
effect, the same phenomenon that created natural reactors in the distant past could cause nuclear criticality 

events in the hture [ 61. 
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The separation and concentration mechanisms for uranium in a repository are the same as those for 

uranium in the natural environment. Uranium under oxidizing conditions is several orders of magnitude more 

soluble than urauium under chemically reducing conditions. This allows uranium to be oxidized to the 

+6 valence state by oxidizing groundwater, dissolved in groundwater, be transported by groundwater, and 

precipitated from groundwater when the local geological conditions create chemically reducing conditions. 

Potential chemical reducing agents are natural organics and many waste package materials, such as iron. 

Figure 1 shows one such scenario. 

In light-water reactor SNF, much of the fissile material is 239Pu. The foregoing analysis is based on the 

assumption that plutonium remains with the uranium until the major plutonium isotope (239Pu) decays to 

235U and can be isotopically diluted by the DU. This is ensured if the rate of plutonium decay to uranium is 

faster than the rate of dissolution and transport of uranium within the repository. The primary plutonium 

isotope, 239Py has a half-life of 24,000 years (i.e., the decay rate is 3 x 10'5/year). Performance assessments 

indicate that plutonium migration is slow in most geological environments; thus, DU backill1 provides a basis 

for long-term criticality control of 239Pu and its decay product 235U. 
DU backfill will address only long-term, external-WP criticality concerns. (Here, external refers to 

criticality events external to the WP.) Potential internal WP criticality events are not addressed. 

4. STATUS 

No studies have been initiated on the concept. A preferred backfill chemical form for DU must be 

chosen. Candidates include other uranium oxides, uranium silicates, and uranium glasses. In the natural 

environment, UO, under oxidizing conditions evolves to higher-valence uranium oxides that eventually 

become hydrated uranium silicates. It is desirable that the fill material have a composition similar to uranium 

compounds found in this chronological sequence to minimize the uncertainties in the long-term behavior of 

uranium in the WP. 

Detailed mechanical and thermal analysis of various backfill options are required. These studies must be 

integrated with the overall WP development. 
The scientific comrnuniw has indicated that the concept is worth consideration. The U.S. Nuclear Waste 

Technical Review Board (NWTRB) was created by the U.S. Congress to provide technical review of the 

Yucca Mountain Project. The NWTRB reviewed strategies to ensure that nuclear criticality is not a major 

issue in the licensing of the repository and made the following rmmmendation [7]: 
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Fig. 1. Natural and man-made formation of uranium ore bodies. 
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“In particular, the use of depleted uranium in mer, invert, or backfill material, or in all three, is a concept 
the program has not yet explored adequately. Conceivably, increasing the criticality control robustness of 
the EBS (Engineered Barrier System) could turn a potentially intractable analysis of external criticality 
into a comparatively easy one.” 

5. TECHNICAL ISSUES 

The primary technical issues are: (1) definition of the concept, (2) demonstration of a design, 
(3) licensing of the DU backfill design in a geological repository, and (4) quan-g DU backfill benefits as 
a function of the design parameters. The decision to use DU backfill depends upon its impact on repository 
performance and cost factors. 

5.1 THERMAL AND MECHANICAL DESIGN 

Evaluations of the thermal and mechanical impacts of DU backfill materials on the repository are 
required. These must include impacts on handling operations and retrieval operations, including constraints 
from potential dusting of DU compounds during operations. 

5.2 REDUCIION OF LONGTERM RADIONUCLIDE RELEASE RATE FROM THE 
REPOSITORY 

Modeling and experimental activities are required to determine effects of DU backtill materials. These 
must be integrated into current repository experimental and modeling activities. One clearly identified area of 
additional work is to develop models and to conduct experiments of the impact of a locally saturated DU 
environment on the degraded WP with SNF. 

5.3 LONGTERM NUCLEAR CRITICALITY CONTROL 

The repository program is evaluating strategies for long-tern criticality control. The use of DU backfill 
to control criticality is a different strategy than the current baseline strategy. Sigdicant investigations will be 
required in this area. 

5.4 ECONOMICS 

No economic analysis has been done. The key question is: What is the relative management costs of 
SNF and DU separately vs use of DU in W s ?  The answer to this question is strongly dependent upon the 
requirements for disposal of SNF and the requirements for management of DU. 
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6. CONCLUSIONS 

DU as a backfill material has the potential for (1) improvements in repository performance; (2) reduction 

of the potential for external to WP, long-term, nuclear-criticality issues; and (3) consuming large quantities of 
DU. As a new concept, sigTllficant uncertainties exist. 
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bility for the accuracy, completeness, or usefulness of any infomation, apparatus, product, or 
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