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A DISPOSITION STRATEGY FOR 
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HIGHLY ENRICHED, ALUMINUM-BASED FUEL 
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(803) 725-2600 (803) 725-5324 (803) 725-2364 

ABSTRACT 

Westinghouse Savannah River Company 
Savannah River Site 
Aiken, SC 29808 

The strategy proposed in this paper offers the 
Department of Energy an approach for disposing of 
aluminum-based, highly enriched uranium (HEU) spent 
fuels from foreign and domestic research reactors. The 
proposal is technically, socially, and economically sound. 
If implemented, it would advance US non-proliferation 
goals while also disposing of the spent fuel's waste by 
timely and proven methods using existing technologies 
and facilities at SRS without prolonged and controversial 
storage of the spent fueL 

The fuel would be processed through 221-H. The 
radioactive fission products (waste) would be treated along 
with existing SRS high level waste by vitrifying it as 
borosilicate glass in the Defense Waste Processing 
Facility (DWPF) for disposal in the national geological 
repository. The HEU would be isotopically diluted, 
during processing, to lowenriched uranium (LEU) which 
can not be used to make weapons, thus eliminating 
proliferation concerns. The LEU can be sold to 
fabricators of either research reactor fuel or commercial 
power fuel. This proposed prccessing-LEU recycle 
approach has several important advantages over other 
alternatives, including: 

lowest capital investment 
lowest net total cost 
quickest mute to acceptable waste form and final 
geologic disposal 
likely lowest safety, health, and environmental 
impacts 

INTRODUCTION 

W. E. Bickford 
(803)725-7346 

The recently reinstituted U.S. policy of returning 
highly-enriched uranium (HEW spent nuclear fuels from 
foreign research reactors to the Savannah River Site 
(SRS) created a conflict between the federal government 
and state and local governments. U.S. policy is driven by 
the desire to avoid possible diversion of HEU to weapons 
production. The regional objection and subsequent court 
suits were based on the fact that the spent fuel would be 
stored at SRS for a very long time because DOE has no 
imminent program or clear plan for final disposition of 
the fuel. This conflict was much in evidence. Early in 
1994 South Carolina officials unanimously opposed 
bringing 144 spent fuel elements from Belgium to SRS 
under emergency provisions of the National 
Environmental Policy Act which allowed DOE to proceed 
without the preparation and approval of an Environmental 
Impact Statement. In September of 1994 the State of SC 
initiated a court suit to prevent the DOE from receiving 
an additional 400 spent fuel assemblies from foreign 
researchreactors. 

Any plan to resolve this issue must address the 
following regional and national issues, policies, and 
c€mcems. 
U.S. policy of nonproliferation of nuclear weapons 
materials 
High costs to the U.S. government during a period of 
budget deficits 
Concern over growing inventories of spent fuels at 
SRS and other DOE sites with uncertain and undefined 
final disposal paths (the defacto "nuclear waste dump" 
issue) 
Perception that traditional processing of HEU spent 
fuel creates excessive waste and enhances the risk of 
plifemion of nuclear weapons materials 
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Concerns about perceived worker/public safety, health, 
and environmental effects from transportation, storage, 
processing (or treatment), and disposal of spent fuels 
Questions about DOE'S credibility to achieve an 
acceptable solution in a reasonable time. 

RESEARCH REACTOR SPENT FUEL 
INVENTORIES AND KEY ISSUES 

The quantities of existing and projected Foreign 
Research Reactor (FRR) and Domestic Research Reactor 
(DRR) spent nuclear fuel (SNF) are given in Table 1 l. 

Table 1 

Research Reactor Inventories 
Existing and Projected 

mMTu JdT U-235 h4" AI 
FRR 2.9 1.94 44.5 
DRR 5$ m 52.5 

Total 8.7 6.94 97.0 

Although this quantity of SNF is quite small 
compared with DOE production fuels and targets (-2300 
MTHM), commercial U.S. fuel (-30,000 MTHM), or 
naval fuel (classified), this fuel offers the most vexing 
issues for long-term storage and repository disposition 
because of two attributes - high enrichment and 
aluminum alloy construction. There are three 
troublesome technical issues. 

Criticality: All of these fuels contain uranium 
enrichments of - 20 - 90% U-235, which is sufficient to 
require extraordinary measures to ensure against a nuclear 
criticality incident during all disposal operations and 
options, including residence in a geologic repository. The 
only certain solution to the long-term criticality issue in 
the repository will be to isotopically dilute the HEU with 
U-238 to some agreed-upon low enrichment - perhaps 
0.7%. This would eliminate its criticality potential, but 
at the expense of significantly increasing the quantity of 
disposal material and, thus the cost, of repository 
disposal. 

Diversion: All of the research reactor fuel covered 
in this paper contains uranium having sufficient U-235 
enrichment for use in nuclear weapons. This fosters the 
concern that separating this uranium from the waste 
portion of spent fuel (fission products), might enhance 
weapons proliferation regardless of institutional safeguards 
and controls. Establishment of acceptable safeguards for 

retired weapons materials (plutonium and HEU) is being 
pursued by the U.S. and the intemational community. If 
the HEU remains with the waste portion of spent fuels for 
disposal in the geologic repository. rigorous safeguards 
must still be used because diversion from an 
unsafeguarded facility would be possible immediately, and 
would become simpler and cheaper as the fusion products 
decay. .Within a few hundred years fission product 
radioactivity would provide no br ie r  at all. The weapons 
isotope U-235 has a half-life of about 700 million years, 
and thus will be a potential proliferation concern 
essentially forever. 

Environmental Stability: The aluminum-based fuels 
(aluminum clad, uranium-aluminum alloy core) were not 
designed for long-term stability in non ideal 
environments. These fuel materials were designed for low 
temperature operation in reactors under carefully controlled 
cooling water conditions followed by timely reprocessing 
after a period of about one year or less to allow short-lived 
fission products to decay. These fuels are susceptible to 
corrosion in water basins, especially where rigorous 
chemical conditions aren't carefully maintained. This 
limits their wet storage lifetime in most of DOES 
existing spent fuel storage facilities, which are generally 
unlined concrete basins without rigorous water treatment 
systems. SRS's 30-year old Receiving Basin for Offsite 
Fuels (RBOF) provides proper water conditions for 
interim storage of research reactor fuels coming to SRS, 
but has only limited available space for storage of 
existing and expected research reactor fuels. 

In geologic repositories aluminum cladding and 
aluminum-uranium fuel cores would not be chemically 
stable for the same reason - moisture causes their 
oxidation and disintegration. When aluminum and 
uranium oxidize in this way, they expand, rupturing their 
containment. Therefore these types of fuels offer no 
effective barrier to the dispersal of fission products or 
uranium into the biosphere. 

NEW INTEGRATED APPROACH 

Achieving timely solution to the research reactor fuel 
problem that would be acceptable to all key stakeholders 
requires an approach that will be effective at four levels. 
At the technical level, the strategy must effectively 
address the proliferation, criticality, and stability issues 
for the entire disposal system, cradle-to-grave. At the 
regional political level, it must ensure that spent fuels 
transported to SRS will be safely dispo'sed of in a 
reasonable time without unnecessary waste generation; 
Le., it must avoid the perception of creating a "nuclear 
waste dump" in South Carolina. At the national level, 
disposal of the HEU spent fuels must fully support U.S. 
nonproliferation policy. And, at the international 
(diplomatic) level, the foreign research reactor operators 
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must receive timely relief from their spent fuel 
inventories and be given an adequate &race period (perhaps 
8 to 10 years) for conversion of their reactors to allow 
them to use reduced enrichment fuels in accord with the 
national Reduced Enrichment Research & Test Reactor w-w program. 

The following two-part strategy can achieve these. goals: 

1. U.S. government should establish agreements and 
protocols with foreign and domestic research reactor 
operators and the European Community that (a) return all 
existing HEU fuels to U.S. or European processing plants 
by about year 2003 for "reprocessing and LEU recycle" 
under international inspection, (b) arrange for future 
(post 2003) supply and disposal of reduced enrichment 
fuels (non-weapons grade uranium), for both domestic and 
foreign reactors, through operating international fuel 
service organizations. 

2. Use existing DOE processing and waste treatment 
facilities with established technologies at SRS to dispose 
of al l  aluminum-based enriched uranium spent fuels stored 
at DOE sites and returned from researchhest reactors until 
about 2003. Assurance that HEU would never be used for 
weapons would be made an inherent part of the chemical 
processing operations by blending HEU solution with 
natural or depleted uranium to create a non-proliferable 
low enriched uranium (LEU) byproduct that would be 
provided to the US Enrichment Corporation (USEC) for 
commercial recycle. The relatively small volume of 
HLW that would be generated would be treated in existing 
waste processing facilities along with SRS's current 34 
million gallons of HLW, and converted into a stainless 
steel encapsulated borosilicate glass waste form that is 
certifnble for disposal in the geologic repository. 

In addition to satisfying the above goals, the proposed 
approach would achieve several other important benefits: 

Demonstrate the first fully integrated disposal system 
in the U.S. for a particularly troublesome class of 
spent fuels (HEU-aluminum). Depending on DOES 
plans for the Advanced Test Reactor and High Flux 
Isotope Reactor, it might be possible to eliminate this 
unique class of spent fuels in the U.S. within the next 
10 years from the spent fuel inventories that DOE 
must manage. Regardless of plans for these DOE 
reactors, the backlog of HEU-AI spent fuels could be 
eliminated, giving DOE time to develop plans for 
disposition of the small continuing quantities of HEU- 
Al spent fuels. 
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Have no significant safety or environmental effects 
over expected disposal operations planned for existing 
production reactor spent fuels and SRS waste 
inventories. 

Minimize the number of HLW canisters generated 
from these spent fuels going to the geologic repository 
and incorporate the waste products into the only 
existing repository-acceptable waste form, borosilicate 
glass. 

Achieve final geologic disposal in the minimum time. 

Incur the lowest capital cost and lowest total net cost 
of any known disposal alternative for the HEU- 
aluminum fuels. 

May generate revenue from the sale of the LEU 
byproduct that could offset a portion of the disposal 
cost. 

Eliminate the need for costly safeguarding of the HEU 
spent fuel or the separated HEU. 

Maintain the only spent fuel processing/disposal 
capability and associated technical competency in the 
U.S. during the next decade or two. In addition to the 
DRR and FRR HEU-aluminum spent fuel mission, 
the SRS facilities could also be used to dispose of 
production HEU Al-clad fuels at SRS, and perhaps 
demonstrate disposal technologies for other types of 
spent fuels while concomitantly disposing of the 
remaining stainless steel and zirconium-clad spent 
fuels stored at SRS. By disposing of these spent fuels 
through the SRS H Area facilities and the DWPF, the 
time existing facilities could be u t i l i  to dispose of 
any newly generated HEU-AI spent fuels @st-2003) 
couldbe extended. 

Figure 1 depicts the key steps and facilities that would be 
involved in disposing of the HEU - aluminum spent 
fuels. All of the technologies needed have been or are 
currently in use, or in the case of the DWPF vitrification 
process, have been fully demonstrated. (DWPF is 
undergoing integrated cold chemical checkout at this 
time.) All major facilities needed for this mission are 
either operating, being upgraded, or maintained for 
operation within one year, or are in the final stages of 
testing. 

As shown in Figure 1, aluminum spent fuels from 
offsite with high and intermediate enrichments would be 
mived  and stored in RBOF and then transferred to the H 
Canyon pmessing facility for dissolving and chemical 
separation of the HEU and fission products. 
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The HEU offsite fuels would be campaigned alternately 
with HEU production fuels, now stored in the SRS 
reactor basins. Concurrently, natural uranium (NU) or 
depleted uranium (DU) oxide would be dissolved in 
preparation for blending with the HEU. The HEU and 
DU (or NU) solutions would then be transferred to, and 
mixed with, the HEU at one of several possible process 
locations in 221-H to form an LEU solution of less than 
20 8 U-235. 

At this point, the uranium could not be used for 
producing weapons. At least two options may be 
available for utilizing the LEU (1) it could be converted 
to LEU oxide, UO3, for subsequent drum shipment, or, 
(2), the LEU solution could be shipped by tanker truck to 
a fuel fabricator. 

LEU Recycle to Commercial Fuel Recovery and 
isotopic dilution of uranium for use as commercial reactor 
fuel is an alternative to either storage of the recovered 
uranium oxide, or disposal as waste. This requires 
separation from fission products and other actinides, then 
isotopic dilution to low-enriched uranium (LEU) with 
either depleted uranium (DU) or natural uranium (NU). 
For purposes of this paper it is assumed that DU will be 
used because it is abundantly available at SRS. Using 
NU would generate about 1 % more final LEU product. 

The purified and isotopically diluted product coming out 
of SRS's 221-H will meet the Department of 
Transportation's definition of "unirradiated" uranium2. It 
will also satisfy commercial nuclear fuel standards for 
"recycled uranium"3. Of concern are the isotopic 
concentrations of U-234 and U-236. U-236 builds in 
dwing exposure and acts as a strong neutron absorber, and 
thus exacts a penalty in reactor performance that must be 
made up by higher initial U-235 enrichment. 

The recycled uranium from research reactor fuel will 
have a U-23W-235 ratio of approximately 0.1 (0.005% 
of total U) before isotopic blending. This is slightly 
higher than the fuel specification4~5 for virgin uranium 
(0.005 to 0.01 g U-236/g U-235). The U-236 
concentration is thus sufficiently low that no additional 
enrichment is needed. 

?he cany-over of U-234 from the original enrichment 
(to Oraloy) of the research fuels gives a U-234/U-235 
ratio slightly in excess of the commercial standards for 
virgin LEU, approximately 0.015 g U-234/g U-235 
versus the desired 0.01 to 0.011. However, if needed, this 
effect can be reduced or eliminated by blending with NU 
or slightly enriched uranium rather than DU. However 
this will probably not be necessary because the product 
will easily meet the specifications for recycled uranium 
(0.002 g u-234/g total u). 
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The U-234 isotope is also a precursor to U-232, 
which is of concern in fuel fabrication because of radiation 
from U-232 daughters. However, DOE experience with 
recycled uranium fuel with much higher U-234 
concentrations has shown that separation of the daughters 
provides ample time for the uranium to be fabricated into 
fuel without incurring significant radiation dose. 

The replacement cost of the enriched uranium (i.e., 
value of the recovered uranium) provides the primary 
motivation for pursuing this recycle option. As shown in 
Table 2, the HEU, once blended down to 4.5% U-235 
represents the equivalent of 130 MT of LEU. This 
amount of uranium, if produced "from scratch" by 
enrichment of NU, would require about 8.4 kg of NU per 
kg of product, or 1,092 MT of NU feedstock. At current 
spot market prices of about $2Wg NU as U308 and an 
additional $lO/kg to convert to UF6 for input to the 
enrichment process, this represents a cost (value) of about 
$35 M Enrichment to 4.5% U-235 requires about 7.7 
Separative Work Units (SWU, a measure of energy 
consumed in enrichment) per kg of product. Again, at 
current spot market prices of $60/SWU, is an additional 
cost (value) of $60 M. Thus the total replacement cost 
(value) of the enriched uranium in the 145 MT of 4.5% 
U-235 recovered from research reactor spent fuel is about 
$95 M. 

H-Area waste tanks facilities where it would be added to, 
and undergo identical operations planned for, existing 
HLW inventory. The process involves a series of 
chemical steps to separate the radioactive constituents 
from the bulk of the waste, which is not radioactive. The 
radioactive portions, primarily fission products, will be 
sent to the DWPF and vitrified into borosilicate glass 
encapsulated in stainless steel canisters. The canisters 
will be stored in the specially designed Glass Waste 
Storage Building (GWSB) until it can be sent to the 
federal geologic repository for disposal. The associated 
bulk solution, which will have a very low level of 
radioactivity, will be solidifkd in the currently operating 
Z-Area plant into a concrete material called Saltstone, 
which is a low-level waste. 

Technical Analysis: Disposal of the HEU-AI 
research reactor fuels will add only a small increment to 
what SRS must do to dispose of its existing excess 
nuclear materials and wastes. Under the current preferred 
alternative in the draft EIS, all existing HEU-AI 
production reactor spent fuels and the AI-clad targets will 
be processed for waste disposal. Estimates of the 
amounts of LEU, low-level waste (yds3 of Saltstone), and 
high-level waste (No. of canisters) are given in Table 2 
for DRR and FRFL The current fuel to be process& and 
current HLW inventory are also given for information. 

Waste Treatment: The HLW portion of the 
processed spent fuel would be transferred to the existing 

Table 2 

Quantities of Wastes Generated by Processing 

source of 
Fuevwaste 
FRR 
DRR 

sub-total 

2.9 
39 
6.8 

SRS Production 7.3 
Existing Waste 

procesSing FinalMT* 
Time. vt 4.58U -235 

1.5 
29 
3.5 

4.0 

56 
l!l 

130 

107 

lo00 yds3 
Saltstone 

6.2 u 
13.6 

5.5 
1,200 

No. 
canisters 

31 
3l 
68 

28 
6100 

* Assumes isotopic dilution is done with SRS depleted U . Using natural U generates - 12% more LEU. 

It would take about 4 years to process al l  the DRR and 
FRR fuels expected at SRS through about 2003. All 
similar fuel at INEL and existing SRS production fuels 
could be processed in another 4 years. The waste 
generated by all of this additional reprocessing would 

extend the HLW and DWPF operations by less than one 
Year- 

Cost : The life-cycle incremental Cost of processing 
HEU research reactor fuels at SRS, isotopically diluting 
the HEU to LEU, and disposing of the waste in the 
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national geologic repository has been estimated to be 
about $440 million, broken down as shown in Table 3, 
below. 

Table 3 

Approximate Life Cycle Costs 
Proposed FRR/DRR Disposition 

Capital None 
Processing $440 M 
Waste Treatment 70 
Repository Fee* 20 
LEU Sale -m 

Net Total $430 M 

* Assumes $250 K per canister in first repository. 
Assumes transport to repositoq paid by repository. 

ALTERNATIVES COMPARISON 

How does the proposed approach compare with other 
disposal options being considered by DOE for spent 
nuclear fuels? In general, the strategies being considered 
call for long-term interim dry storage of the SNF followed 
by final spent fuel treatment and waste encapsulation 
operations that will be necessary to meet yet undefined 
repository criteria. These operations would be conducted 
in new facilities to create a repository-acceptable waste 
form, also undefined. Another approach that has been 
suggested is to dissolve the fuel, then vitrify it without 
separating the actinides (uranium and higher elements) 
from the fission products. 

Since alternative cradle-to-grave options for the 
disposal of the SNF have a combination of technological 
and capital investment uncertainties, it is difficult to make 
comparison with the proposed processing and LEU recycle 
approach. However, there is sufficient analogous 
information available to make approximate comparisons. 

With aluminum-based HEU spent fuels there are 
major technical issues associated with prevention of 
criticality, proliferation prevention, and chemical 
stability. The resolution of these concerns will likely 
lead to placing important restrictions on uranium 
enrichment and concentration in the spent fuel treatment 
process and the subsequent waste form. Although these 
restrictions have not been finalized, reasonable 
assumptions can be made. For example, for prolieration 
control the upper limit for enrichment of any repository- 
acceptable waste form will probably be less than 2096 U- 
235. However, long-term criticality potential for in the 
repository could place even tighter restrictions on 
enrichment, perhaps to less than that of spent commercial 
nuclear fuels (- 2% U-235), which are currently planned 

for disposal in the Yucca Mountain repository. 
(However, criticality prevention criteria for commercial 
SNF have not yet been resolved.) Finally, repository 
acceptance criteria on waste form chemical stability may 
require that the HEU-Al spent fuels be reconstituted into a 
more stable solid form, such as borosilicate glass or 
ceramic. Thus, very likely, final disposal of these fuels 
will require isotopic dilution of the uranium and some 
undefmed processing to stabilize the chemical form. 

For this comparison, two other options (Options 2 & 
3) were selected and assessed. These alternative options 
are believed to be as achievable and cost effective as any 
of the various options being considered by DOE for SNF 
disposal. In the proposed option, (option 1) the HEU fuel 
would be processed through 221-H, the fission products 
delivered via DWPF to Yucca Mountain as certified 
borosilicate glass. The HEU would be purified, 
isotopically diluted to LEU and recycled to commercial 
LEU fuel. 

In Option 2, spent fuel would be dissolved in 221-H. 
To eliminate any down-stream criticality concerns, the 
HEU is isotopically diluted to < 2 5% U-235 with SRS 
DU , and an appropriate amount of gadolinium or erbium 
neutron poison added . It would then be transferred to 
HLW tanks, blended with SRS HLW, processed to 
produce a certifiable borosilicate glass waste form in 
DWPF, and then shipped to a repository. 

Option 3 would dry-store a l l  the SNF in a small, 
dedicated new facility until D W F  completed its SRS 
waste mission in about 2018, or perhaps later. The 
DWPF would then be modified to dissolve, isotopically 
dilute and vitrify the SNF without separating actinides 
from fission products. The borosilicate glass containing 
the SNF would be encapsulated in the standard DWPF 
stainless steel canisters and stored in one of DWPFs 
Glass Waste Storage Buildings until it could be shipped 
to the repository. 

Tables 3 gives summary cost data comparing the 
proposed option with the two alternatives. 

Table 3 

LifeCycle Cost Comparison of Options 
$ M  

Waste 
QR&iQnm?italProcessTreatmentF~ w 

(1) small 440 70 20 43P 
(2) small 270 1050 280 1,600 
(3) 500 2 w *  1,600 850 3,150 

* Includes $100 M credit for sale of LEU 
** This is operating cost to prepare and dry-store. 
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Table 4 gives compares the three options with fmal 
summary data on waste volumes and life-cycle costs. The 
options are as described for Table 3, above. 

Table 4 

Summary Comparison of Options 

Life-Cycle No.of 1000yd3 Vitrification 
_ODtionNetCostCanistersSaltstoneComDlete 

W30M 70 14 -2030 
210 -2040 

(1) 
1,600 1.060 

small -2050 
(2) 
(3) 3,150 3230 

4. D. Biswas, "Potential Utilization of SRS Uranium 
with High U-236 Content as Commetcial LWR Fuel" (A 
Study of Neutronic and Safety Characteristics), WSRC- 
TR-94-0370, July 1994, Westinghouse Savannah River 
Company 

5. S. L. Forher, "Preliminary Assessment: Technical 
Feasibility of Using Reprocessed Uranium in TVA 
Reactors", BFE-564, August 15,1994, Tennessee Valley 
Authority. 

SUMMARY 

This paper proposes a disposal strategy for al l  existing 
and future HEU AI-based fuel from foreign and domestic 
research and test reactors. It idenWies issues and technical 
problems with current plans, and provides achievable 
solutions to those problems and concerns. The proposal 
is to process these fuels through 221-H at SRS, vitrify 
the fission product waste for disposal in the national 
geologic repository, and isotopically dilute the HEU to 
LEU for recycle to commercial fuel. This proposal will 
eliminate the technical concerns with criticality, 
proliferation, and waste form instability during storage 
and repository disposal. It will eliminate local and state 
concerns with long-term onsite storage (the nuclear waste 
dump issue). It will support national policies of non- 
proliferation. It will eliminate international concerns 
among the operators of the research and test reactors with 
regards disposition of their spent fueL Among reasonable 
alternatives, this option spends less capital money, has 
the lowest lifetime cost, offers the quickest route to final 
disposal of the waste, and probably offers the lowest 
safety, health, and environmental impacts. 
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