
If" I — , 

C^F-96d<y/t-^/3 

TECHNOLOGY DEVELOPMENT FOR DOE SNF MANAGEMENT 

Donna L. Hale 
Idaho National Engineering Laboratory 
P.O. Box 1625, MS 3765 
Idaho Falls, ID 83415 
(208) 526-1744 

Robert E. Einziger 
Pacific Northwest National Laboratory 
P.O.Box999,MSK2-45 
Richland, WA 99352 
(509) 375-4577 

- 7n . 7 ^ ^ 

Ap® 1 7 WHS 

J. R. Murphy * ' 
Westinghouse Savannah River Co. 
P.O. Box 616 
Aiken, SC 29803 
(803)557-9737 

ABSTRACT 

This paper describes the process used to identify 
technology development needs for the safe management of 
spent nuclear fuel (SNF) in the U.S. Department of Energy 
(DOE) inventory. Needs were assessed for each of the over 
250 fuel types stored at DOE sites around the country for 
each stage of SNF management - existing storage, 
transportation, interim storage, and disposal. The needs 
were then placed into functional groupings to facilitate 
integration and collaboration among the sites. 

I. INTRODUCTION 

The DOE is responsible for safely, effectively, and 
efficiently storing and preparing for disposal the current and 
future inventory of DOE SNF. The inventory includes over 
250 fuel types, ranging in quantity from approximately 
2,100 metric tons heavy metal of N-Reactor SNF to several 
kilograms each of unique experimental fuels. The majority 
of this SNF is stored at four DOE sites - Hanford, the Idaho 
National Engineering Laboratory (TNEL), Oak Ridge 
National Laboratory (ORNL), and the Savannah River Site 
(SRS). In a recent record of decision (ROD), DOE decided 
to regionalize by fuel type for SNF storage at the sites.1 

hi accordance with this redistribution, the current 
custodians and prospective recipients chose a preferred path 
forward for each fuel type that consisted for four stages: (1) 
existing storage, (2) transportation, (3) interim storage, and 
(4) disposal. The stage of development of each technology 
necessary to proceed with the chosen path forward for each 
fuel ranged from completed to needing significant research 
and development (R&D) to be useful. DOE recognized that 
an integrated approach to developing the necessary 
technologies was needed.2 This paper describes the 
systematic approach used to identify and integrate the SNF 

technology development needs for the DOE complex and 
the results of this technology integration. 

H. METHODOLOGY 

A. R&D Steps within a Technology 

DOE fuels may take a variety of paths as they move 
from their current storage location to final disposition. Each 
path requires the application of a number of technologies 
(e.g., wet transportation, encapsulation, dry vault storage), 
each of which might consist of a series of steps. Once the 
sites chooses the preferred path forward, the technologies to 
be implemented are identified. The site then evaluates the 
required technologies and identifies if any step needs 
improvement or development for application to a particular 
fuel. Each technology is built of many steps, each of which 
in themselves do not represent a complete technology. 
These steps may vary from fuel to fuel. 

Because the steps themselves are pieces of the 
technology which must be developed to have a usable 
technology, at first glance the technology needs may appear 
fragmented. However, these pieces complement existing 
information to create a usable technology. 

B. Questions, Matrix, and Activity Sheets 

Four DOE sites possessing the largest inventories of 
DOE SNF were visited and questioned about the technology 
development needs for the SNF currently at that site or that 
will eventually reside there after redistribution according to 
the ROD. Needs were identified even if they were not fully 
developed, and priority was not inferred during the 
information gathering stage. Funded and unfunded 
activities were given equal consideration. Specifically 
excluded were engineering applications of existing 

FASTER 
DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED tf 



technology. The result of the site interviews was a set of 
data that facilitated comparison and integration across the 
sites. 

The sites were asked to identify their needs for 
existing storage, transportation, interim storage, and 
disposal. Questions were asked for each stage along the 
SOT disposition pathway. The originating site has the 
responsibility of identifying technology development needs 
for existing storage and transportation. The destination site 
has the responsibility of identifying technology development 
needs for interim storage and disposal. Staging or 
temporary SNF transfers, i.e., "pre-interim storage", were 
included as part of existing or interim storage and not 
considered separately. 

The questions were structured as a matrix with four 
modules, described below, to encourage the responders to 
plan for their technology development needs in the context 
of a disposition path forward. The sites were asked to 
propose activities to satisfy these needs and provide 
information concerning the problem targeted by the activity, 
a justification, assumptions, description of the technology, 
development schedule, logic ties, stage of development, 
resources, and costs. Activity sheets were used to put the 
information into a common format to facilitate subsequent 
prioritization of the activities. 

Module 1 -ExistingStorage. Technology 
development tasks in this area include activities related to 
storage in the existing environment, removal from existing 
storage, or surveillance and maintenance activities. The 
focus of these activities is to define the problems and 
provide solutions that promote a safe and stabilized SNF 
condition. Many of these activities have near-term 
justification because they relate to satisfying vulnerabilities. 
All near-term activities are consistent with the Vulnerability 
assessments3"* and Defense Nuclear Facilities Safety Board 
Recommendation 94-1 Implementation Flan. 

Module II - Transportation. Transportation to an 
interim storage or processing facility will be necessary for 
many fuels. Transportation links the three SNF 
management functions, i.e., existing storage, interim 
storage, and disposal. The SNF Program advocates the 
"road-ready" concept, which proposes the use of Multi
purpose Canisters (MPCs) for SNF transport from existing 
storage to interim storage, for interim storage, and for 
transport from interim storage to the repository. TheMPC 
would be in standby mode, ready for shipment to the 
repository without further handling or repackaging of the 
SNF contents. 

Technology development may be needed to design, 
fabricate, or load a new can into an MPC and to 

characterize, dry, or perform a package analysis for 
shipping. This includes determining package compatibility 
with the SNF and identifying any needed technology to 
determine breaches in the cans being shipped. Any 
conditioning necessary for interim storage will be done at 
the receiving site. 

Module III - Interim Storage. Many of the current 
storage practices, fuel designs, and facilities are not suited 
for a 40-year interim storage period. Technology 
development associated with conditioning, characterization, 
drying, and establishing the envelope of operation may be 
required. Any conditioning necessary for interim storage 
will be done by the receiving site. For the purposes of this 
study, the conditioning process does not include drying. 
The drying process includes removing either physically or 
chemically bound moisture from the SNF. 

Module IV - Disposal. The options for disposal 
include direct repository disposal or processing to convert 
the SNF into an acceptable disposal form. Processing is 
only considered an option for SNF not suitable for 
repository disposal in its current form. New, advanced 
processes offer the potential advantage over existing 
aqueous reprocessing technology of separating the high 
level waste from fissile material without producing 
weapons-grade material and large quantities of secondary 
waste. However, in certain instances, existing aqueous 
reprocessing capability may be the most expedient 
disposition option. It may be cost-effective to modify 
existing aqueous processing technology for application to 
fuels other than those for which the process was originally 
designed. 

The sites were asked questions concerning drying, 
radionuclide release, canning, stabilization, and 
characterization for direct disposal. Bare, canned, and 
stabilized states were considered, since the information 
needed depends upon the state of direct disposal. 

Processing technology included process modification 
and new processes. The new processes required a more in-
depth set of questions due to the complexity of the 
processes. A separate matrix and questionnaire was 
constructed to assess several new processes currently under 
consideration. The technology developers completed 
activity sheets with information regarding additional R&D 
necessary (including head-end or pretreatment 
development), waste form equivalency and consistency, 
advantages of the process, robustness, scaleability, 
secondary waste streams, special facilities needed, logic ties 
to other development activities, development schedule, cost 
to develop, and current development activities. These 
processes were reviewed for applicability across the DOE 
SNF inventory. 



m. ANALYSIS 

A. New Technology Steps 

Thirty-seven technology development activities were 
identified as necessary to implement the path forward and 
fill any technology gaps. The activities are pieces of the 
technology which must be developed and then combined 
with existing knowledge to have a usable technology. 
These 37 activities were grouped into 15 related technical 
functional areas. While no redundancies were identified, 
areas exist where close integration between the sites can be 
established. The groupings can help researchers become 
aware of technology being developed or needed at other 
sites to facilitate collaboration. Integration of tasks in these 
areas to bring together technical resources at the optimum 
timeframes may provide a potential cost savings. The 15 
groupings are as follows: 

1. Corrosion Monitoring/Mitigation. Technology 
needs to be developed to more accurately predict the 
corrosion behavior of aluminum-clad SNF in wet storage. 
Aluminum fuels were originally designed to be cooled in 
wet storage for a short duration, then recycled. Recent 
changes in policy now require that the aluminum SNF 
remain in wet storage for extended periods. A 
comprehensive and thorough understanding of the corrosion 
mechanisms and the effects of water quality parameters on 
the corrosion rates are essential to providing the best 
possible management of the water storage facilities and the 
aluminum SNF. This technology will keep the cladding 
intact for the longest possible period of time and provide 
quantitative end-of-life predictions for determining timely 
compensatory actions such as construction of a new storage 
facility. 

*• Mitigate microbiologically induced corrosion (MIC) 
New technology is required to detect and mitigate MIC in 
metal-clad SNF in wet storage. MIC can produce localized 
corrosion, resulting in pitting or stress corrosion cracking of 
the cladding or the fuel container. Resistance of MIC to 
high radiation fields has not been determined. If MIC is 
present, a method of eliminating it without damaging the 
fuel or the containers must be developed. Accelerated 
deterioration of the SNF will present future handling 
problems and increase the release of fission products. 

* Corrosion monitoring coupons 
This activity develops a consistent methodology for 
empirically determining the effects of water chemistry on 
aluminum corrosion by monitoring special coupons 
designed to be representative of the cladding, fiiel, and basin 
storage components. Coupons are placed in test racks 
suspended in the different basins. This will allow 
development of empirical, real-time relationships between 

the coupon corrosion mechanisms and rates as functions of 
the varying parameters of water quality. 

* Life extension corrosion model 
This activity develops a corrosion model to predict the 
behavior of different aluminum claddings over time as a 
function of water quality parameters. 

2. Fuel Removal. A detailed plan is required that 
will include new techniques and equipment to remotely 
remove the Hanford K-Basin sludge, Advanced Reactivity 
Measurement Facility/Coupled Fast Reactivity 
Measurement Facility SNF (ARMF/CFRMF), and Molten 
Salt Reactor Experiment (MSRE) SNF from current storage 
locations to eliminate environmental, safety, and health 
vulnerabilities. 

* In-basin technology development 
Efficient methods for desludging underwater will be 
developed. Options for containing sludge (i.e., preventing 
its suspension into the bulk basin water) will be evaluated. 
Areas of greatest dose will be identified and methods for 
dose reduction will be recommended. Additional water 
treatment and underwater vision systems are expected to be 
required. Efficient, effective fuel inspection techniques will 
be assessed as well. 

>• Technology to disassemble the ARMF/CFRMF 
reactor core 

Technology is needed to remotely retrieve potentially 
deteriorated fuel elements inside the reactor vessel of the 
ARMF/CFRMF facility. Special retrieval tools, techniques, 
monitoring equipment, and other recovery equipment may 
be required. The major challenges for this work will be 
developing remote tools and retrieval techniques for use in a 
high radiation field. 

*• Removal of MSRE material 
The main challenge results from the unique nature of this 
spent fuel. Radiolytic production of fluorine has altered the 
oxidation state of the salt materials, and without 
reestablishing the fluorine balance, the salts cannot be 
removed by melting. Development is needed to define ways 
to reestablish a fluorine balance, or to define alternate 
approaches to removing the salts. An acceptable disposal 
form must be defined, and any necessary process steps 
needed to place the salt in that form must be developed. 

*• MSRE UFS purge and trap 
0 3 UF S chemically trapped on NaF will be removed and 
converted to ̂ UOg. Processing will be conducted in 1-kg 
batches to minimize the safety and security aspects of the 
project The process will be developed for implementation 
in a heavily shielded, alpha-contained area. The ideal 



process would minimize the need for treatment of the 
secondary waste stream and off-gas treatment 

3. Canning Technology. While canning of fuels 
has been performed at a number of DOE sites in the past, 
technology would be developed for a prototype design to 
ensure adequate sealing techniques to minimize radiation 
exposure. This will allow a definitive design to be 
demonstrated prior to the actual deployment of the canisters. 
Additionally, this technology could be used to can sectioned 
pieces of fuel or degraded fuel for cross-country shipment 
This technology could be used in situations where SNF 
cladding has degraded to the point that additional 
containment is needed to prevent the release of 
radionuclides to the environs, or could be used to reduce 
corrosion rates by moving the SNF from a wet to a dry 
environment 

> MPC development 
Much of the DOE SNF could be directly disposed in the 
repository by placement into an MPC. MPCs are being 
developed for commercial SNF. MPC development is 
applicable to all SNF stored at the INEL that is slated for 
repository disposal. 

> Underwater dry canning 
This activity will construct prototype canisters or containers 
and determine the appropriate handling and sealing 
techniques. 

> Container design for scrap SNF 
This activity will design and construct prototype canisters or 
containers, determine appropriate handling procedures, and 
develop sealing techniques to reduce radiation exposure. 

4. InSituDeionization. Technology needs to be 
developed to design a shroud for failed fuel that would 
allow the continued contact with the basin water, but have 
filtering devices to remove the released radionuclides. A 
device with these features would eliminate canning 
activities to control releases, would be easy to install, and 
would prevent the water control problems associated with 
wet canning. 

f In situ deionization of failed SNF 
This activity will develop an in situ deionization system for 
failed SNF. It will have three primary features: a) the 
convective forces of the cooling water will provide the 
pumping action, b) the filtering mechanism will remove a 
significant portion of the released radionuclides, and c) the 
SNF assembly will remain in contact with the basin water 
system. 

5. Characterization Techniques. Recent studies 
of the corrosion mechanisms for aluminum-clad SNF 

indicate that there is a lack of data and models to completely 
predict the behavior in wet or dry storage. This program 
would provide extensive characterization of aluminum-clad 
SNF to supplement the development of corrosion models 
and allow evaluations of the characterization methods 
themselves. 

*• Evaluation of characterization techniques 
This activity will allow extensive characterization of the 
aluminum cladding using energy dispersed x-ray 
spectroscopy, x-ray diffraction, and Auger electron 
microscopy. This program can be used to validate the 
corrosion models developed by a previously mentioned 
activity (i.e., development of a corrosion model to predict 
the acceptable length of time aluminum SNF can safely be 
stored in a wet environment). Additionally, the program 
can determine the behavior of films as the SNF is 
transitioned from wet to dry storage. 

6. Passivation. A number of breached fuel rods 
containing U-metal fuel are currently stored in water pools. 
They will remain in these pools until they are transferred in 
either a wet or moist state to a drying facility prior to dry 
storage. While in contact with a humid atmosphere, U-
metal corrodes, leading to spallation and the gas generation. 
The reaction kinetics must be determined to evaluate the 
delicacy of these transfer tasks. To ensure worker safety 
and containment of the radionuclides, the reactions must be 
controlled. 

*• Energetic Chemical Reactions 
The current understanding of ignition theory will be 
extended to account for historical ignition events and 
experimentally obtained ignition data. This understanding 
will be integrated with results of thermal hydraulic models 
to provide the means of evaluating ignition potential during 
operational events and accident conditions. 

> Gas generation concerns 
Parametric analyses will be performed with analytical 
models to identify the expected amounts of hydrogen and 
oxygen produced by corrosion and/or radiolysis during the 
various stages of the Integrated Process Strategy (TPS). The 
potential for flammable mixture formation will be 
considered; deflagration pressure pulses will be calculated 
and the conditions under which detonation may occur will 
be understood. 

> Passivation of wet stored U-Mo/U-Fissium fuels 
This task will assess technology necessary to stabilize a U-
Mo fuel that has been exposed to water. If a U-metal fuel 
type is exposed to a water environment, the potential exists 
for uranium metal to corrode by oxidation or by forming 
hydrides. Technology is needed to passivate any explosive 
gases generated or any hydrides formed during wet storage. 



7. Nondestructive Examination fNDEI. 
Activities in this grouping use NDE techniques to sense the 
integrity of canisters and the configuration of the SNF, and 
to detect the presence of water in the fuel storage cans, 
significant cladding breaches, sludge formation, fuel 
disruption, and/or fuel deformation. The NDE methods 
must be able to operate in situ in either a wet or dry storage 
environment The drivers are to avoid jeopardizing the 
safety of the facility through loss of configuration and 
release of contaminants. 

* Develop NDE technology to determine the condition 
of the SNF in wet storage 

Technology is needed in the following areas: (a) identify 
appropriate sensors and deployment strategies; (b) fabricate 
a deployable prototype that will yield in situ NDE 
measurements of the fuels; (c) sense integrity of canisters 
and configuration of SNF, significant cladding breaches, 
sludge formation, fuel disruption, and/or fuel deformation; 
(d) modify vendor-supplied multiprobe utilizing digital 
radiography, 3D ultrasound imaging, digital video, and eddy 
current; and (e) modify image processing software for each 
technique. Technology will apply to all SNF types and 
containers. 

» NDE technology to remotely examine dry stored fuel 
and canisters 

NDE methods are needed to quickly and accurately 
determine the physical integrity of the fuel storage cans in a 
dry storage facility. The NDE methods implemented must 
be capable of determining deterioration of the cans either in 
situ or with minimum handling requirements. The 
technique must be able to determine the deterioration of 
stainless steel, aluminum, or other canning material. 

8. Drying Technology. The water content 
remaining in a dry-stored container must be maintained 
below a certain limit to minimize subsequent degradation of 
the SNF. Corroded SNF may contain a substantial amount 
of water, either as water of hydration of the corrosion 
product, as physisorbed water on the high surface area of 
the corrosion product, or as water inclusions. Radiolysis of 
the residual water might present a risk of hydrogen 
embrittlement of the containment, over-pressurization of the 
containment, or hydrogen ignition upon retrieval and 
opening of the canned SNF. Any SNF that might be water
logged, such as bare plate fuels with failed cladding, will 
need special drying protocols to prevent further disruption 
of the fuel structure by swelling or cavitation that might 
occur during rapid or uncontrolled drying of the fuels. These 
technologies concern both trapped moisture in sludge and 
chemically or physically bound water in the fuel matrix. 

* IPS criteria development 
Parametric analyses will be performed with analytical 
models to identify the amount of residual water mat can 
remain within the multi-canister overpack (MCO) after 
vacuum drying and after hot vacuum conditioning. MCO 
integrity maintenance (e.g., prevention of over-
pressurization) will be the key factor in identifying residual 
water criteria. Simple nondestructive methods of measuring 
residual sludge are also being investigated, including visual 
inspection and weight measurement 

> Vacuum system development 
An integrated vacuum system, and thermal and network 
modeling capability will be developed or acquired for 
performance of design and safety assessments of vacuum 
drying and hot vacuum conditioning. 

* Conditioning parameter definition 
Hot vacuum conditioning is the final proposed treatment 
method prior to placement of N-Reactor SNF into interim 
storage under the IPS. Drying at approximately 300 C may 
decompose hydrides, leaving reactive metal surfaces. While 
a separate activity addresses the hot vacuum drying step, a 
controlled oxidation step must be developed to follow 
drying. This step will utilize a backfill gas containing 
limited quantities of oxygen to oxidize any exposed metal 
surfaces. The composition of the oxygen-inert gas backfill 
mixture will be identified, as well as appropriate system 
monitoring techniques to ensure that uncontrolled oxidation 
(and heat generation) do not occur. 

* Drying technology development 
Technology is required for determining the level of moisture 
remaining within a complex geometry fuel element The 
moisture measurements must be: (a) able to accurately 
determine the moisture content that remains within/on a fuel 
element while in a dryer, (b) operated remotely and with 
minimum maintenance; and (c) able to operate effectively 
within a high radiation field. Technology must be 
developed that can dry a complex configured fuel element 
with corrosion product on and between fuel plate structure. 
The technology must be able to quickly and thoroughly dry 
an entire batch of fuel elements. A combination of heating 
and vacuum procedures will be used to attain the desired 
level of dryness. The major challenge is removal of 
moisture from the corrosion products without damaging the 
delicate plate structure of the elements. 

9. Envelope of Operation fECfl for Dry Storage. 
The EO criteria has been well established for commercial 
fuels. However, DOE SNF is different from commercial 
SNF in several important ways, including materials of 
construction, bumup, and integrity of cladding. 



> Validate EO for dry storage 
Technology is required to determine the degradation 
mechanisms and kinetics of these fuels in a dry storage 
environment and also to determine a favorable storage 
environment for a 40 to 60 year period. 

> EOfor aluminum SNF in dry storage 
This activity will determine the storage limits, the 
appropriate characterization prior to storage, and the effects 
of the storage environment (such as a validated code for 
predicting lie heat transfer characteristics of the storage 
cask/vault). Autoclave testing and special environmental 
capsule testing will observe the material effects. The heat 
transfer testing will validate computer models of storage 
canisters. 

> Parametric validation of aluminum SNF dry storage 
acceptance criteria 

This activity will involve the bench-scale development of a 
dry storage environment for aluminum-clad SNF. 
Unirradiated MK31 s (an aluminum-clad/uranium metal 
core) will be canned in varying storage environments. The 
MK31 s are the most reactive of the aluminum SNF. 
Therefore, the effects can likely be extrapolated to other 
aluminum-clad SNF. 

> Aluminum SNF dry storage demonstration 
This activity will construct a technical demonstration facility 
to provide validation data for the corrosion models. 

10. Thermal Predictions. Existing computational 
methods used for storing commercial SNF may not 
adequately predict the heat transfer rates of DOE 
aluminum-clad SNF. There is the need to develop 
computational methods that have been validated for the 
storage of aluminum SNF. Aluminum SNF will have lower 
temperature limits than the more rugged stainless steel- and 
2drconium-clad commercial power reactor SNF. 
Additionally, for characterization of the fuels, it would be 
beneficial to develop the technology for measuring the heat 
generation rate of SNF. This information could be used to 
validate computer predictions of the isotopic distributions or 
confirm operating history (e.g., with the foreign research 
reactor SNF). 

> Thermal hydraulic performance 
Appropriate models for the thermal, fluid, and multiple 
chemical surface reaction behavior of the fuel will be 
developed for all stages of removal, drying, shipping, 
staging, conditioning, and storage. 

> Calorimeter design 
This activity will design and construct a prototype 
calorimeter. The calorimeter will be used underwater. The 

concept is based upon SRS experience with air-cooled 
calorimeters. 

*• Development of internal heat transfer codes for 
HFIRSNF 

This activity will develop a computational model to predict 
the heat transfer of HFIR assemblies and use laboratory 
facilities to validate the model. 

» Scale model heat transfer 
This activity involves the construction of an adequate model 
for validating the heat transfer predictions of vault storage 
systems. 

11. Mechanical Disassembly. This technology is 
required to reduce the volume required to store the Fort St. 
Vrain SNF and increase the overall storage space available 
for other fuel types. 

> Mechanical disassembly of graphite fuels 
This technology will mechanically (as opposed to 
chemically) separate the fuel compacts from the graphite 
moderator material. The separation comes from drilling the 
compacts out from the graphite moderator "shell," 
disposing of the moderator as low-level waste, and storing 
the fuel compacts at a considerably lower volume 
requirement 

12. Radionuclide Release. It is necessary to be 
able to predict the radionuclide release rates for SNF in the 
repository. Research must be conducted separately for the 
various fuel forms, i.e., metal, U-alloy, hydride, oxide, 
mixed oxide, and graphite. Radionuclide release rate will 
depend on the leach rates and resultant surface area. Release 
rates of fission products that have accumulated in the gap 
between the fuel matrix and cladding must be predicted in 
addition to the release rates for the fuel matrix. 

*• Technology to predict leaching of radionuclides 
The technology will be able to take a relatively short period 
of corrosion and radionuclide release data and project it to 
100,000 years. This work will be applicable to all SNF 
types. 

» Develop a standard can for disrupted SNF 
This technology will develop the standard design and 
materials to can the SNF for placement into the repository. 
The materials must not have interactions with the SNF and 
should maintain SNF configuration for 100,000 years. The 
stabilizing materials may contain neutron poisons, if 
required. The neutron poisons should not leach differently 
or separate from the SNF. 



13. Stabilization. Stabilization may be necessary 
for criticality control of intact zirconium-clad, intact 
stainless-steel-clad, and intact aluminum-clad SNF in the 
repository. Material compatibility issues may dictate a 
different stabilizer for each of the different cladding types. 

* Neutron poisons and other stabilizing materials 
This activity will develop materials to be placed with the 
SNF in the package to be placed in the repository. The 
materials must not have interactions with the SNF and 
should maintain SNF configuration for 100,000 years. The 
stabilizing materials may contain neutron poisons if 
required. The neutron poisons should not leach differently 
or separate from the SNF. 

* Technology to emplace SNF stabilizing materials 
Many of the SNF types have unique geometries and 
configurations. How to emplace the stabilizing materials in 
and around the SNF must be determined. 

> Criticalityverification/validation of SNF form 
Computer codes have been proven for certain situations, but 
details incorporated into the proposed methods for highly 
enriched uranium SNF packaging (stacking, poisoned 
arrays, etc.) have yet to be verified. 

* Pulverizing and vitrifying SNF 
This activity will conduct research on the different potential 
disposal forms. The proposed forms include: chop and 
dilute (with depleted uranium), melt and dilute, dissolve and 
dilute, consolidate and poison, limit the fissile mass, chop 
and poison, melt and poison, or dissolve and poison. The 
initial phase of the activity will determine the best 
candidates for further development 

15. Neutron Interrogation. The purpose of this 
activity is to develop a device to characterize SNF without 
having to extensively recalibrate it for different shapes and 
forms. 

*• Determine fissile content of highly enriched SNF 
This activity will use a neutron source to pulse segments of 
a sealed package (e.g., an irradiated fuel rod, or canister 
filled with scrap) to produce delayed neutrons that would be 
indicative of the fissile atom density in the package. Known 
amounts of fissile materials in shapes or forms similar to 
existing fuels would have to be used to calibrate this 
interrogator. The detectors must also be able to function in a 
radiation field up a specified R/hr level. 

As would be expected, the need was greatest for the 
existing storage technologies and most uncertain for 
disposal technologies. Hanford activities are focused on 
removing N-Reactor sludge and SNF from the K-Basins to 
alleviate short-term vulnerabilities3"4 caused by the 

deterioration of the fuel and storage facilities. INEL has the 
most diverse technology development needs since it has and 
will receive a variety of fuel with different compositions.5"* 
Very few needs were identified at ORNL since all the fuel 
will be sent offsite. ORNL is mainly concerned with 
removal of the MSRE SNF from its current storage location. 
SRS needs are dominated by technology associated with 
stabilizing aluminum-based SNF as a contingency to 
processing. 

Technology is being developed to facilitate safe 
existing storage for aluminum-clad SNF at the INEL and 
SRS. At-risk highly enriched aluminum SNF in wet storage 
at SRS in the P, L, and K basins will potentially be 
processed.7 Other aluminum SNF is slated for interim dry 
storage and eventual repository disposal. The technology 
development requirements for aluminum-based SNF will 
require many unique activities because of the significant 
differences in uranium enrichment and the physical 
properties of the cladding from commercial fuels. 
Technology development needs for aluminum fuels are 
concentrated in the areas of corrosion monitoring and 
mitigation, drying technology and envelope of operation 
data necessary to support safe interim storage, and 
stabilization for disposal of aluminum SNF. 

The diversity of the DOE SNF, its physical condition, 
its storage location, and the condition of the storage facility 
all impact the technology development requirements. 
Strategies to regionalize the DOE SNF inventory, retire 
SNF storage facilities, and minimize the number of SNF 
storage sites all help to reduce the scope of this technology 
development program. Approximately one-fourth of the 
activities are disposal-related. This number will probably 
increase as the waste acceptance criteria for the repository 
are defined. 

B. New Processes 

Six new technologies in various stages of development 
have been proposed to process SNF - electrometallurgical 
treatment, GMODS, plasma arc, chloride volatility, 
dissolution and vitrification, and melt-dilution. 
Electrometallurgical treatment separates the uranium from 
the fission products by molten salt electrorefining. GMODS 
involves putting the SNF into a melter with molten lead 
borate glass for dissolution, where the lead oxide acts as a 
sacrificial oxide converting metals to metal oxides which 
dissolve into the glass. The plasma arc process uses a 
plasma torch to produce a vitreous ceramic waste form. 
Chloride volatility involves reacting the fuel with high 
temperature chlorine gas, where all fuel constituents form 
volatile chlorides that are separated by molten salt 
scrubbing and fractional condensation. The dissolution and 
vitrification process dissolves highly enriched aluminum 



SNF in nitric acid in existing canyon dissolvers without 
stripping away the fissile material, then vitrifying the 
resulting solution. Melt-dilution reconfigures the aluminum-
based SNF by melting to obtain volume reduction, then 
diluting with neutron poisons or depleted uranium. 

All involve significant R&D before the processes can 
be implemented. With adequate funding, all processes could 
have bench-scale testing completed in about 4 years. 
Bench-scale testing will demonstrate laboratory proof-of-
principle for each process, whereas pilot-scale testing will 
demonstrate scalability of the process. Full pilot-scale 
testing will take an additional 4 to 6 years to complete. 
Currently, only the electrometallurgical process is 
significantly funded. Development must start now for the 
technologies to be sufficiently mature when they are needed. 

IV. SUMMARY 

A methodology was developed to identify and integrate 
the SNF technology development needs for the DOE 
complex. While no redundancies were identified among the 
37 technology needs, areas exist where close integration 
between the sites can be established. The activities 
proposed to satisfy needs for technology development can 
be grouped into 15 functional areas: corrosion 
monitoring/mitigation, fuel removal, canning technology, in 
situ deionization, characterization techniques, passivation, 
nondestructive examination, drying technology, envelope of 
operation for dry storage, thermal predictions, mechanical 
disassembly, radionuclide release, stabilization, process 
modification, and neutron interrogation. Integration of tasks 
in these areas to bring together technical resources at the 
optimum timeframes will provide a potential cost savings. 

As seen from the number of activities proposed to 
satisfy existing storage and interim storage needs, the 
emphasis is directed at storage issues and transitioning SNF 
to a stabilized condition. As vulnerabilities are satisfied and 
the SNF is placed into interim storage, there will be a shift 
in emphasis from short-term to long-term technology 
development needs. Since all types of SNF in the current 
inventory have already been considered, future additions to 
the inventory will have a minimum impact on technology 
development needs, although priorities may shift 

Each of the proposed new SNF treatment processes 
(electrometallurgical treatment, GMODS, plasma arc, 
chloride volatility, dissolution and vitrification, and melt-
dilution) requires significant R&D before the process can 
be implemented. Some of these processes perform fissile 
material separation, whereas others blend the fissile 
material into the waste form. Separation offers the 
advantage of reducing the volume of waste that must be 
disposed of in the repository, but may be unacceptable to 

stakeholders from a non-proliferation standpoint For any of 
these processes to be sufficiently mature when they are 
needed, development must start now. 
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