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I. Introduction 

As a result of the end of the Cold War, the mission of the United States Department of 

Energy (DOE) has shifted from an emphasis on nuclear weapons development and 

production to an emphasis on the safe management and disposal of excess nuclear 

materials including spent nuclear fuel from both production and research reactors. 

\ Within the U.S., there are two groups managing spent nuclear hel. Commercial nuclear 

power plants are managing their spent nuclear fbel at the individual reactor sites until the 

planned repository is opened. All other spent nuclear hel, including research reactors, 

university reactors, naval reactors, and legacy material from the cold war is managed by 

DOE. DOE’s mission is to safely and efficiently manage its spent nuclear he1 and prepare 

it for disposal. This mission involves correcting existing vulnerabilities in spent &el 

storage; moving spent he1 from wet basins to dry storage; processing at-risk spent &el; 

and preparing spent he1 in “road-ready” condition for repository disposal. 

Most of DOE’s spent nuclear fuel is stored in underwater basins (wet storage). Many of 

these basins are outdated, and spent fuel is to be removed and transferred to more modern 

basins or to new dry storage facilities. 

DOE’s current inventory comes from: 

0 

0 Non-DOE U.S. government reactors 

0 U.S. university research reactors 

0 Foreign research reactors 

0 U.S. Navy propulsion reactors 

DOE test and materials production reactors 

DOE currently manages about 2,500 metric tons of heavy metal (MTHM) of spent nuclear 

fbel. This is a small percentage of the total amount of spent nuclear he1 being stored in 
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the United States. The commercial nuclear industry is currently storing about 35,000 

MTHM of spent nuclear he1 at its reactor sites. 

DOE expects that up to an additional 100 MTHM of spent nucIear he1 will be received 

into inventory (primarily from domestic and foreign research reactors and the Naval 

Reactors Program) over the next 40 years. This is in comparison to about 70,000 

additional MTHM expected to be generated by the commercial nuclear industry. 

In 1995, DOE completed a complex-wide environmental impact analysis that resulted in 

spent he1 being sent to one of three principal DOE sites for interim storage (up to 40 

years) prior to shipment to a repository. This “regionalization” by he1 type will allow for 

economies of scale yet minimize unnecessary transportation. 

The “regionalized” approach to managing DOE’S spent nuclear fuel will be as follows: 

0 Aluminum-based spent fuel will be consolidated and stored at the Savannah River 

Site. At-risk fuel (fuel posing health and safety risks under current storage 

conditions) will be processed at the Savannah River Site. 

Non-aluminum based spent nuclear fuel from domestic and foreign research 

reactors will be consolidated and stored and the Idaho National Engineering and 

Environmental Laboratory. 

0 Hanford production reactor spent fuel will remain at Hanford. 

0 Naval fuel will be shipped to the Idaho National Engineering and Environmental 

Laboratory for examination and storage. 

A geologic high-level waste repository will not be available to begin accepting DOE spent 

fuel for approximately 20 years. DOE and the Nuclear Regulatory Commission have not 

yet developed waste acceptance criteria, which will provide critical information for 

establishing a performance goal for the process outputs. DOE is taking advantage of this 
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time to develop a number of treatments for those spent nuclear fuels that cannot be 

disposed of directly. At this point it is too early to say how practical a particular 

technology will eventually prove to be. 

2. The National S N F  Program 

DOE formed an ofice of spent fuel management (EM-67) in 1993 to develop a strategy 

for interim management of all non-commercial spent nuclear &el and provide for the final 

disposition. Initially the program was focused on development of policy and procedures 

for interim storage. Today, the.program, with a strong component deployed in the field, 

has transitioned to an implementation program. The U.S. has an aggressive 10-Year Plan 

to place all DOE managed spent nuclear fuel into “road-ready” dry interim storage. The 

term “road-ready” means that the fuel canisters are transportable under current regulations 

and will not have to be reopened prior to final disposition. 

\ 

The National Program has a strong headquarters component that provides policy direction 

and coordination with other DOE organizations. The field program primarily directs the 

technical effort to ensure that DOE SNF is in the repository license application and is lead 

by the Idaho National Engineering and Environmental Laboratory. The program is a 

multi-laboratory program that draws on the expertise of many national labs. 

Early on, it became apparent that an accurate portrayal of the SNF inventory was 

paramount to the path towards ultimate disposition. As such, DOE developed a national 

database. The purpose of the database is to provide DOE with the information necessary 

for national-level planning in the management of all SNF that is currently or may come 

under the control or possession of DOE-EM through 2035. SNF is defined as nuclear &el 

that has been permanently withdrawn from a nuclear reactor following irradiation, the 

constituent elements of which have not been separated by reprocessing. Management of 

SNF includes those activities associated with storage, transportation, conditioning, and 

disposal. The database supports those organizations with responsibility for managing the 
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SNF by collecting information into one source, providing data in a uniform standard 

format, and providing data that have been validated. 

A comprehensive assessment of the radiological impacts due to the disposal of DOE- 

owned SNF is a key component to successhl submittal of the repository license 

application, scheduled for 2002. The National Program has developed a multi-year plan to 

understand expected dose rates at the accessible environment due to DOE SNF and to 

understand the importance of various parameters (e.g. radionuclide release rate) on \ 

performance. 

Another key component for successful DOE SNF disposition will be the analysis of 

canister and waste package criticality. It must be demonstrated that criticality events are 

no more probable for DOE SNF packages, both in package and in the surrounding 

geology, than for commercial SNF. Criticality will likely prove to be one of the most 

challenging aspects of DOE SNF analysis because of the many to geometries, 

concentrations, enrichments, etc. Package fissile material limits will be established to 

provide general site guidance and allow the development of a repository licensing 

application. Each site will need to perform criticality analysis for actual package loading 

to demonstrate compliance with repository acceptance criteria and transportation 

requirements. 

3. Ultimate Disposition 

The U.S. stopped reprocessing of spent nuclear fuel for production purposes in 1992. 

Since that time, only limited reprocessing of spent nuclear fuel that presented 

environmental, safety or health risks has been performed. Although DOE is evaluating 

limited reprocessing of HEU aluminum based hels, DOE’s current strategy is to place all 

spent nuclear fuel in dry storage and in “road-ready” condition for eventual transport to, 

and ultimate disposal in a geologic repository. In order to safely manage DOE’s spent fuel 

prior to geologic disposal, DOE will continue to process certain “at-risk” spent nuclear 
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fuels, develop new dry storage facilities, and package its spent nuclear fuel so that it is 
suitable for direct disposal in a repository. These activities will be consolidated at the 

three DOE interim storage sites. 

4. Technical Challenges 

DOE is actively pursuing resolution to many issues that face the custodians of the SNF at 

the interim storage sites. Whereas DOE’S inventory contains many exotic fuels from 

research and production reactors, the problems are many. The following sections briefly 

describe active and planned research areas. 

\ 

Release Rate Testing 

DOE is examining historical data to determine if data exists to predict how SNF will 

degrade in the planned repository. A key element of the degradation model is the 

expected release and subsequent transport of radionuclides within the repository. Where 

data are needed, DOE is obtaining samples of the SNF types and performing flow-though 

and drip tests to develop release rate data. These tests are expensive and time consuming. 

Thus, it is important to review available literature and group like fuels together based on 

fuel compound or other parameters to reduce the number of tests. 

Non-Destructive Assay 

DOE has generated and accumulated a broad variety of SNF as a result of numerous 

production, testing, development, and research activities over the years. The plan for 

disposition of most of the DOE SNF is to direct dispose of it in the first geologic 

repository. In order to place this material in a repository, it is essential that key data be 

qualified per the acceptance criteria at the repository. The current data for most of the 

DOE SNF are not readily qualifiable to these criteria and in many cases it may not be 

possible to qual@ the data. Therefore, DOE is examining promising non-destructive 
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assay techniques that could be used to obtain new data that meets the acceptance 

requirements. If measurements can not readily be made with sufficient accuracy, then it 

may be possible to use NDA to corroborate the existing data and thereby qualifjr it. 

Alterna tive Treat men t 

DOE stores over 150 different types of spent fuels, many of them unique to DOE, at its 

weapons production sites and national laboratories. The Department s ability to dispose I 

many of these fuels in a geologic repository without further processing is now being 

examined. Some of these fbels may not be suitable for direct disposal because they could 

pose a criticality risk, are chemically reactive or prone to corrosion. A few DOE spent 

fuels may exhibit hazardous characteristics as defined under the Resource Conservation 

and Recovery Act (RCRA) and the regulations that implement it (40 CFR 261 et seq.). 

The preliminary repository waste acceptance criteria prohibit RCRA-hazardous or mixed 

wastes. Programmatic cost and scheduling issues must also be considered. Qualifjring the 

wide variety of DOE spent fuels for repository disposal could be a very time consuming 

and expensive process. Reducing the volume of materials to be disposed would greatly 

reduce the Department’s spent fuel cask purchasing costs and transportation. 

At the present stage of development, the electrometallurgical treatment process appears to 

be a promising option for the metallic sodium bonded spent fbels but research would need 

to be completed to make this determination on a factual, less speculative basis. Several 

other treatment processes are also being developed for this purpose. For the non-sodium 

bonded fuels, chemical separation at the Savannah River Site is specified as a contingency 

to be used if no acceptable new treatment and/or packaging technology is ready to be 

implemented by the year 2000, 
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The transition to interim dry storage and ultimate disposition in the planned repository 

requires that DOE understand the quantities of both bound and free water that may be 

packaged with the SNF. Residual water in storage or disposal containers may accelerate 

corrosion of the SNF resulting in early release of radionuclides. Research in drying has 

been concerned with quantifying the water that remains with spent fuel after removal from 

wet storage. Both heated and cold-vacuum technologies are being pursued. 4 

Chemical Reactivity 

It is known that some of the DOE-SNF has degraded cladding that has interacted with 

basin storage water to create compounds that could potentially be chemically reactive 

under certain conditions. Current regulations require that packages destined for the 

national repository “shall not contain explosive or pyrophoric materials or chemically 

reactive materials in an amount that could compromise the ability of the underground 

facility to contribute to waste isolation or the ability of the geologic repository to satisfy 

the performance objectives.” This require does not preclude the existence of these 

materials, but states that the amount of material present will not result in conditions 

degrading performance of the repository. 

The overall strategy for addressing this issue is: 

0 

0 

Assess existing literature data and established computer analysis capability; 

Compare available data and tools to program requirements; 

Obtain and implement tools to support analysis capability, including implementing 

appropriate quality controls to allow evaluation and acceptance by the NRC; 

0 Define required laboratory studies to augment information, and incorporate the 

data resulting from those studies into the analysis capability; 
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0 Establish working interfaces within DOE and the interim storage site programs to 

assure transfer of data and integrated analysis and application of results. 

0 Identi@ and analyze scenarios for the placement of SNF in the repository. 

5. Summary 

Management of a diverse inventory of exotic research reactor SNF has been successhlly 

performed in the U.S. Paramount to the success of the program has been an accurate SNF 

inventory, and a well-defined strategy for ultimate disposition. By the year 2006, the U.S. 

will have made a concerted effort to prepare for the ultimate geologic disposal of DOE- 

owned spent nuclear hel. As a result, DOE, in close consultation with its stakeholders, 

will have: 

0 Resolved or eliminated spent nuclear fuel storage vulnerabilities identified in existing 

plans of action; 

Constructed any needed dry handling facilities and dry storage facilities and moved 

most of its spent nuclear he1 to dry storage; 

Begun preparing the spent nuclear he1 for disposal in a geologic repository; 

0 Processed all the degraded spent nuclear he1 and targets approved for such 

processing; 

Successfully safeguarded high-enriched uranium from foreign research reactors that 

could be used to manufacture nuclear weapons. 
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