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Abstract 

The United States has a strong policy on prevention of the international spread of nuclear 
weapons. This policy was announced in Presidential Directive PDD-13 and summarized in a 
White House press release September 27,1993. Two cornerstones of this policy are: 

"Seek to eliminate where possible the accumulation of stockpiles of highly-enriched 
uranium or plutonium ... 

Propose ... prohibiting the production of highly-enriched uranium (HEU) or plutonium 
for nuclear explosives purposes or outside international safeguards." 

The Department of Energy is currently struggling to devise techniques that safely and 
efficiently dispose of spent nuclear fuel (SNF) while satisfying national non-proliferation 
policies. SRS plans and proposals for disposing of their SNF are safe and cost effective, and 
fully satisfy non-proliferation objectives. 

Introduction and Summary 

Most of the SNF at SRS is aluminum-clad highly enriched uranium fuel. From a national 
perspective, enriched uranium in spent fuel represents a substantial investment in mining and 
uranium isotopic separation. Al-clad fuel currently stored and to be received at Savannah River 
Site (SRS) is worth approximately $260 million based on a cost of $32 Kg natural uranium as 
uF(j and $60 per Separative Work Unit (SWU)(Bickford and McKibben, 1994). 

SRS has traditionally used and recycled aluminum-clad highly enriched uranium fuels to 
produce plutonium and tritium in support of the weapons program, plutonium-238 for space 
isotope thermal electric generators, as well as special isotopes like Californium-252 for medical 
and scientific uses. Because of the high throughput of fuel involved, SRS has a significant 
capacity for processing aluminum fuel (> 4.3 MTU driver fuel or 1.8 MTU research reactor 
fuel per year). It also has a complete waste management system for all categories of waste -- 
low-level, TRU, mixed, hazardous and high-level. The bulk of the aluminum ends up in a 
low-activity concrete waste form (saltstone). High-activity waste is converted to a qualified 
waste glass in the Defense Waste Processing Facility, currently undergoing final startup 
testing. 

Because of these capabilities, SRS is currently the preferred site for receipt of aluminum-clad 
fuels in two Environmental Impact Statements, the Programmatic Spent Nuclear Fuel 
Management and Idaho National Engineering Laboratory Environmental Restoration and Waste 
Management Programs Final Environmental Impact Statement (INEL PEIS) and the 
Environmental Impact Statement on a Proposed Nuclear Weapons Nonproliferation Policy 
Concerning Foreign Research Reactor Spent Nuclear Fuel. The June 1 record of decision for 
the INEL PEIS chose regionalization by fuel type, which means that all of DOE'S aluminum 
clad fuel would be sent to SRS. SRS proposes to process SNF through approximately 2005 
and dry store the remainder; the HEU would be isotopically diluted in process to eliminate 
proliferation concerns, and the high-level waste would be vitrified at DWPF for final disposal. 
Plutonium recovered from processing low enriched uranium (LEU) or natural Uranium fuels 
and targets would be disposed of in accordance with the National Fissile Material Disposition 
Program. 

Transfer of DOE-owned fuel to dry storage and subsequent direct disposal has been proposed 
as an alternative to processing for all DOE fuels. Since the bulk of the Al-clad fuel is HEU, 
criticality of the fuel once placed in a repository is a potential concern. A number of options to 
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address that concern are described and evaluated for SRS current Al-clad spent fuel inventories 
and projected receipts. 

Current Inventories of Spent Fuel and Targets at SRS 

SRS inventories include Al-clad production reactor driver fuels and targets, and miscellaneous 
Al-clad fuels/targets currently stored in three reactor basins. These basins were designed for 
short term (6-18 month) cooling of reactor products prior to processing. In addition, the 
Receiving Basin for Offsite Fuel (RBOF) has a mixture of test fuels and materials from the 
production reactors, special isotope targets used in campaigns for producing higher actinides 
like Californium-252, Al-clad research reactor fuels from foreign and domestic research 
reactors, and miscellaneous zirconium, stainless steel and other clad research reactor fuels and 
targets. 

A summary of the Al-clad HEU Fuel inventories is shown in the table below(Krupa et. al., 
1995): 

w Location 
Mark 16B. H-Canvon 
Mark 22, & 
Mark 14 

ANL Janus 
ATSR 
MIT 
MURR 
RINC 

U. Virginia 
Nereide 
.JMTR 
RHF 
ORR 

u. Michigan 

Sterling Forest 

K-Bash 
L-Basin 
P-Basin 
RBOF 
RBOF 
RBOF 
RBOF 
RBOF 
RBOF 
RBOF 
RBOF 
RBOF 
RBOF 
RBOF 
RBOF 
RBOF 
RBOF 
RBOF 
RBOF 

Totals 

TtemsTvDe 
13 assem 

901 assem 
518 assem 
449 assem 

19 assem 
21 assem 
56 assem 

112 assem 
70 assem 
48 assem 
44 assem 
46 assem 
71 assem 
4 assem 

14 bundles 
2 bundles 

100 assem 
678 cans 
2QQ assem 

5 bundles 

337 1 

U. K z  Enrich. U-235. Kg 
67.8 61 41.4 
3227 
2593 

1391.2 
6.1 

2.79 
3.22 

15.93 
75.68 
8.5 1 

33.85 
6.86 

35.42 
16.73 
25.51 

90 
5.46 

20.5 1 
109.87 
28.45 

7763.89 

66 
60 
66 
32 
93 
93 
81 
87 
90 
15 
89 
20 
88 
81 
16 
11 
82 
93 
84 

2113.5 
1546 

921.3 
1.94 

2.593 
3.002 

12.915 
66.072 
7.702 
5.095 
6.068 
7.015 

14.795 
20.775 

14.43 
0.601 

16.861 
87.93 1 
23,899 

491 3.894 

Table 1 SRS Aluminum Clad HEU Fuel 
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Projected Receipts and Inventories 

Under the record of decision for the current INEL PEIS, the non-A1 clad fuels and targets 
stored in RBOF would be transported to Xdaho for disposition. In turn, approximately 3053 
Al-clad research reactor spent fuel assemblies containing 2.8 MTU would be transported to 
SRS from INEL. A number of other DOE and government research reactors would ship their 
Al-Clad fuels to SRS including, Brookhaven National Laboratory, Oak Ridge National 
Laboratory, Sandia National Laboratory, Los Alamos National Laboratory and the National 
Institute of Standards and Technology. The total number of assemblies is approximately 8400, 
containing 4 MTU. 

In addition, SRS expects to continue to receive domestic university Al-clad research reactor 
fuels. This amounts to approximately 3 100 assemblies (3.9 MTU) through 2035. 

The current Foreign Research Reactor EIS projects receipts of approximately 17,78 1 Al-clad 
fuel assemblies (15.5 MTU) by the culmination of the program in 2008(Matos, 1994). 

The total forecast amount of uranium and U-235 from the various sources is shown in Table 2. 

Source Total U, kg Total U-235, kg 
SRS 7763.89 4913.89 
University 3926.7 1270.7 
OtherDOE 4079 3593 
INEL 2830.6 2178.12 
FRR 15,455 3266 

34055.19 . 1522 1.7 1 

Average 44.70% 
Enrichment I 

~ ~ 

Table 2 Savannah River Site Ai-clad Uranium Fuel Forecast Receipts 

Options for treatment of AI-clad Fuels 

Ten options were identified for disposition of Al-clad fuels, and their life-cycle costs have been 
evaluated. These include the following combinations of near term storage, interim storage and 
final preparation for a mined geologic repository: 

ODtion 1: Process Supply of Al-Clad Fuel through 2012; Consolidate and 
Poison Thereafter. 
Treatment: Process Al-clad fuels/targets in F and H Canyon facilities until supply of 
incoming HEU fuel is exhausted (2012). Isotopically dilute recovered uranium to < 20% U- 
235 in process. 
Near Term Storage: Wet store fuel through 2012 in existing reactor basins and the 
Receiving Basin for Offsite Fuels (RBOF) until they can be processed. 
Long Term Storage: Post 2012, receive fuels in RBOF, package for dry storage in small 
dry storage facility. 
Preparation for the Repository: Convert HLW from F and H Canyon operations to 
glass in the Defense Waste Processing Facility (DWPF). For post 2012 fuels, package to 
consolidate and poison (Le., can fuel, use borated steel separators for in-cask criticality 
control) in Multi-Purpose Canisters (MPC) at 120 MTR type elements/canister. 
New Facilities: Small dry storage facility, modifications to RBOF for loading MPC's. 
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Advantages: Maximizes use of existing facilities and most rapidly converts largest portion 
of HEU inventory to non proliferant (40% U-235) forms. 
Disadvantages: SociaVpolitical resistance to processing. 

Oution 2: Process Al-Clad Fuel through 2012; Process Continuing Small 
Supply Thereafter in New Facilities 
Treatment: Process Al-clad fuels/targets in F and H Canyon facilities until incoming fuel 
supply is exhausted (2012). Process post-2012 fuel in new facility. Isotopically dilute 
recovered uranium to < 20% U-235 in process. 
Near Term Storage: Wet store fuel through 2012 in existing reactor basins and the 
Receiving Basin for Offsite Fuels (RBOF) until they can be processed. 
Long Term Storage: Post 2012, store fuels in RBOF prior to processing. 
Preparation for the Repository: Convert HLW from processing to glass in the Defense 
Waste Processing Facility (DWPF). 
New Facilities: Small new processing facility adjacent to DWPF for fuel dissolution and 
uranium recovery/isotopic dilution. 
Advantages: Maximizes use of existing facilities and converts HEU to < 20% U-235 which 
is not usable for weapons. 
Disadvantages: SociaVpolitical resistance to processing. 

Option 3: Dry Store All Fuels; Package for Repository with c 700g U- 
2WCanister 
Treatment: Convert fuel into packages each less than 700 grams U-235. 
Near Term Storage: Wet store fuel through 2012 in existing reactor basins and RBOF. 
Long Term Storage: Post 2006, receive fuels in RBOF, package for dry storage in 
characterization and canning facility, store in new dry storage facility. 
Preparation for the Repository: Package for shipment in MPC's in characterization and 

New Facilities: Large dry storage facility and characterization and canning facility. 
Advantages: Simple concept. 
Disadvantages: Large number of canisters has an enormous impact on cost. HEU Fuel 
remains weapons capable. Cutting to < 700 g r m s  per canister requires a second barrier for 
double containment. Requires waste form qualification of multiple types of fuels and 
challenging accountability of special nuclear material (SNM) in the canisters. 

canning facility 

option 4: Dry Store All Fuels; Consolidate and Poison Fuels for Repository 
Emplacement in MPCs. 
Near Term Storage: Wet store fuel through 2012 in existing reactor basins and RBOF. 
Long Term Storage: Post 2006, package in characterization and canning facility for dry 
storage in large dry storage facility. 
Preparation for the Repository: Package to consolidate and poison in Multi-Purpose 
Casks at 120 MTR type elements/cask in characterization and canning facility. 
New Facilities: Large dry storage facility and characterization and canning facility. 
Advantages: Simple concept. 
Disadvantages: Large number of canisters has an impact on cost. HEU Fuel remains 
weapons capable. Criticality analyses are required for unique fuels (e.g., HFIR and RHF 
cores). Requires waste form qualification of multiple types of fuels and challenging 
accountability of SNM in the canisters. 

Option 5: Dry Store All Fuels; Chop Fuels and Intimately Mix with DU/AI 
alloy for Repository Emplacement in MPCs. 
Treatment: Chop and mix fuel and DU/Al alloy (to make a 1% U-235 mixture) in a hot cell in 
the Characterization and canning facility. 
Near Term Storage: Wet store fuel through 2012 in existing reactor basins and RBOF. 
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Long Term Storage: Post 2006, package in characterization and canning facility for dry 
storage in large dry storage facility. 
Preparation for the Repository: Load mixture canisters in an MPC. 
New Facilities: Large dry storage facility and characterization and canning facility; 
choppinglmixing hot cell. 
Advantages: Simple concept. HEU is not easily recovered for weapons use. Creates a 
single disposal form. 
Disadvantages: Large number of canisters has an impact on cost. Resulting mixture has 
high surface are and quires double containment. 

ODtion 6: Dry Store All Fuels; Chop Fuels and Intimately Mix with DU/Gd 
alloy for Repository Emplacement in MPCs. (Note Option 6A in Table 3 has 
Gd/U-235 atom ratio of 0.1; 6b a ratio of 10.) 
Treatment: Chop and mix fuel and DU/Gd alloy in a hot cell in the characterization and 
canning facility. 
Near Term Storage: Wet store fuel through 2012 in existing reactor basins and =OF. 
Long Term Storage: Post 2006, package in the characterization and canning facility for dry 
storage in large dry storage facility. 
Preparation for the Repository: Load mixture in canisters, place canisters in an MPC in 
the characterization and canning facility. 
New Facilities: Large dry storage facility and characterization and canning 
facility;chopping/mixing hot cell. 
Advantages: Simple concept. Creates a single disposal form. 
Disadvantages: HEU remains weapons capable. Resulting mixture has high surface are 
and requires double containment. Criticality calculations are needed to determine the 
appropriate GW-235 ratio as this has a very significant impact on cost. 

ODtion 7: Dry Store All Fuels; Melt Fuels and Intimately Mix with DU/AI 
alloy to form a 40% AI alloy for Repository Emplacement in MPCs. 
Treatment: Melt fuel and add DU (to 1% U-235) and additional A1 in special hot cell in 
characterization and canning facility. 
Near Term Storage: Wet store fuel through 2012 in existing reactor basins and RBOF. 
Long Term Storage: Post 2006, package in characterization and canning facility for dry 
storage in large dry storage facility. 
Preparation for the Repository: Load slug canisters containing 1% U-A1 alloy in MPCs 
in the characterization and canning facility. 
New Facilities: Large dry storage facility and characterization and canning facility. 
Advantages: Simple concept. HEU is not weapons capable. Creates a single disposal 
form. 
Disadvantages: Large number of canisters results in high cost. 

Option 4: Dry Store All Fuels; Melt Fuels, add Gd to form U/Gd/AI alloy for 
Repository Emplacement in MPCs.(Note: In Table 3 Sa uses a Gd/U-235 atom 
ratio of 0.1; Sb uses a ratio of 10.) 
Treatment: Melt fuel and add Gd in a hot cell in the characterization and canning facility. 
Near Term Storage: Wet store fuel through 2012 in existing reactor basins and RBOF. 
Long Term Storage: Post 2006, package in characterization and canning facility for dry 
storage in large dry storage facility. 
Preparation for the Repository: Load canisters of poisoned alloy into MPCs in the 
characterization and canning facility. 
New Facilities: Large dry storage facility and characterization and canning facility. 
Advantages: Simple concept. Creates a single disposal type. 
Disadvantages: HEU remains weapons capable. Criticality calculations are needed to 
determine the appropriate Gd/U-235 ratio as this has a very significant impact on cost. 
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Qption 9: Dry Store All Fuels; Dissolve Fuels in New Facility, Isotopically 
Dilute to e 1% U-235 and Directly Make into Glass. 
Treatment: Dissolve fuel and add DU nitrate to make a solution that has < 1% U-235. Feed 
to DWPF melter to make glass. 
Near Term Storage: Wet store fuel through 2012 in existing reactor basins and RBOF. 
Long Term Storage: Post 2006, package in characterization and canning facility for dry 
storage in large dry storage facility. 
Preparation for the Repository: Load HLW glass canisters in MPC's. 
New Facilities: Large dry storage facility and characterization and canning facility; new 
DWPF add-on dissolver. 
Advantages: Simple concept. HEU rendered not weapons capable. Creates a single 

Disadvantages: Uranium limits on glass create a large number of canisters, resulting in a 
high cost. 

disposal form. 

Qption 10: Dry Store All Fuels; Dissolve Fuels in New Facility, add 
Gd(N03)3 at a GdU-235 atom ratio of 0.1, and Directly Make HLW Glass. 
Treatment: Dissolve fuel and add Gd(N03)3 to make a solution that has 0.1 Gd/U-235 atom 
ratio. Feed solution to DWPF melter to make glass. 
Near Term Storage: Wet store fuel through 2012 in existing reactor basins and RBOF. 
Long Term Storage: Post 2006, package in characterization and canning facility for dry 
storage in large dry storage facility. 
Preparation for the Repository: Load glass canisters in MPC's. 
New Facilities: Large dry storage facility and characterization and canning facility; new 
DWPF add-on dissolver. 
Advantages: Simple concept. Creates a single critically safe disposal form. 
Disadvantages: HEU remains weapons capable. Aluminum glass limits make higher 
number of canisters than HLW glass (all aluminum is incorporated into the glass). 

Number of MPCs for Each Option 

The number of MPCs for each option were calculated based on 40 SRS production reactor 
assemblies per MPC, 120 MTR equivalent assemblies per MPC, 4 DWPF canisters per MPC, 
12 €€FIR cores and 8 RHF cores per MPC. The number of DWPF canisters was scaled from 
data in Krupa et al., 1995, and Krupa, 1995, for the appropriate option. A summary of the 
totals is given in table 3. 

- 
1 

Canisters 
MPC's 28 

HLW Canisters 318 
HLW Can. New 
HLW Can. Total 318 
HLW MPC's 80 

Total MPC's 108 

2 - 

318 
130 
448 
112 

3 
21760 

5440 

- 

5440 

- 
4 

350 

- 5 
6433 
1 609 

- 
ODt i o n s 

139 505 
35 127 I 35 127 

2256 119 

~ 

8b 
1555 
39 
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Table 3 Number of Canisters and MPCs for Each Option 

Life-Cycle Costs 
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Dry storage costs were based on scaling dry storage facilities delineated in two referenced 
studies (Feizollahi and Shropshire, 1993; Krupa et al. 1995) at $215 M for a 25 MTU, 1.84 
KgU/hr characterization and canning facility and a $35.7 M storage facility for 100 2 ft. 
diameter/lO ft. long dry storage containers (type "C" in the reference). A scaling factor of 0.3 
was used for the characterization facility, i.e., (MTU new/MTU old)O.3 and other modified 
facilities and 0.39 for the dry storage facility, Le. (# canisters new/# canisters old)o.39 , (DOE, 
1995). Operating times were scaled linearly with MTU from the source studies. 

Operating costs were developed linearly from the amount of uranium or aluminum processed as 
appropriate. Processing costs were developed from the latest five year plan estimates (Krupa et 
al. 1995). Wet Storage costs were developed based on the current draft of the Savannah River 
Site Spent Fuel Interim Management Plan. Characterization costs (for acceptance of fuels or 
waste forms in the repository) are from the DOE Spent Nuclear Fuel Technology Integration 
Plan. 

For the melt, chop, minimize mass and consolidate and poison facility costs, appropriate 
adjustments for the addition of a hot cell and equipment (based on Krupa et al., 1995) were 
made and scaled using a factor of 0.3 as above. Hot cell facility operating times were scaled 
linearly with MTU-235 new/MTU-235 old. 

MPC Costs are based on McDonell, 1995, and are $2.42 million for HLW glass canister (or 
equivalent) MPCs and $3.6 million per spent fuel equivalent MPC. This represents the upper 
end of the cost range. DWPF operations (including support) are $1 million per MPC for 
current HLW and $0.5 million per MPC for canisters from waste generated in a new 
dissolution facility (Options 2,9 and 10). This value is based on a DWPF attainment of 75% 
of design capacity (Taylor, 1993). Other extrinsic factors (e.g., funding for support 
operations) may reduce this attainment by restricting feed, which would tend to increase the 
cost per canister. Total life-cycle disposition costs for the options are given in Table 4 below: 

Cost Element F 
Treatment Fac. 
Treatment Ops. 
Treatment DLD 
Total Treatment 

Char/Can Fac. 
Charen Ops 
CharlCan D&D 
Char/Can Total 

Storage Fac 
Storage Ops 
Storage D&D 
Total Storage 

wet store 

Canyon Process 

HLW CostOLD 
HLW Cost -New 

Characterization 

443.7 

54.8 
36.0 

2.0 
92.8 

603.70 

0.0 

1205.3 12487.0 121017.6 

- 
4 m 

235.9 
186.9 
20.9 
443.7 

54.8 
36.0 
2.0 

92.8 

603.70 

0.0 

240.0 
- !64o.2 

5 
-3mn 

78.4 
165.8 

5.1 
249.4 

235.9 
186.9 
20.9 
443.7 

548 
36.0 
2.0 

92.8 

603.70 

0.0 

60.0 - 

54.8 54.8 54.8 548 54.8 54.8 54.8 
36.0 36.0 36.0 36.0 36.0 36.0 36.0 
2.0 2.0 2.0 2.0 2.0 2.0 2.0 

92.8 92.8 92.8 92.8 92.8 92.8 92.8 

603.70 603.70 603.70 603.70 603.70 603.70 603.70 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 

60.0 60.0 60.0 60.0 60.0 60.0 60.0 

1444.3 2258.0 2796.3 1397.2 2069.6 11433.9 3390.7 

Table 4 Alternative Costs (Dollars in Millions) 
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Discussion of Option Analysis Results 

Options were evaluated based on number of MPCs to be emplaced in the repository, life-cycle 
cost, whether the emplaced repository material contained high enriched uranium (proliferation 
risk), whether the material was inherently critically safe or through geochemical processes 
could become critical (long term criticality risk), based on the number and dollar cost for new 
facilities (program risk), and based on the number of types of materials (fuels or other waste 
forms and their inherent stability with respect to repository releases. The results of this 
evaluation is shown in Table 5. 

Options 1 and 2, where existing facilities are used to chemically separate the uranium from the 
fission products, offer significant overall advantages in combined cost and risk over the other 
options. The fuel melting options, as well as the chop option with low gadolinium /U-235 
ratio offer possible alternatives for further evaluation. The two direct disposal options, 
numbers 3 and 4, produce significantly more MPCs and are both more costly and higher risk 
than the process options. 

-. - -  - -  - -  - -  - -  I- - - -  -.a Prwram Risk 0 -  
,Lena Term Criticalitv Risk 0 + - -  Q - _  _ _  0 -  0 
Characterization Risk Q Q - - -  - -  - 0 0 0 0  0 

Overall Evaluation 1 0  1 0 1 1 5 -  1 1 0 - 1  9- 1 5 - 1 7 - 1 5 1 3 - 1 4 - 1  8- 1 1 0 -  

Scoring Code 
+ 
0 

- -  Worse than Option 1 

Better than Option 1 - Process and Dry Store 
Same or nearfv the same as Option 1 
Not as Good as Option 1 

Much worse than Option 1 - I -  

Table 5 Option Evaluation Matrix 

Management of Separated Uranium 

Isotopic dilution, especially to < 1% U-235, has two significant costs; the loss of the cost of 
isotopic separation, and the increased amount of repository costs associated with the dilution 
options. 

The processing options (1 & 2) isotopically dilute the uranium to < 20% using existing 
depleted uranium. At this enrichment, uranium is no longer weapons capable, but can be used 
in either research reactors (at -20%) or power reactors (at -5%). Based on $60 a SWU and a 
UF6 cost of $32/kg, the aluminum-clad fuel represents a potential $263 million return to the 
Treasury. 
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An ongoing effort at SRS is looking at a number of options for diluting separated uranium, 
including solution blending to 20% with final fuel composition determined at a commercial site, 
or producing uranium oxide at 20% or 5% U-235. 

Conclusions 

Processing Al-clad fuels and isotopically diluting the recovered uranium to < 20% U-235 
provides the most rapid (most materials are dealt with by 2013) way to convert these fuels into 
a non-weapons-capable form at low cost. These options produce a high level waste glass form 
for the repository and minimize risks associated with repository emplacement including long 
term criticality. The recovered uranium represents a resource that could return money to the 
treasury and provide environmentally friendly fuel for the twenty-first century. 
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