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ABSTRACT 

Safety issues associated with the dry storage of 
EBR-II spent fuel are presented and discussed. 
The containers for the fuel have been designed to 
prevent a leak of fission gases to the environment. 
The storage system has four barriers for the fission 
gases. These barriers are the fuel cladding, an 
inner container, an outer container, and the liner at 
the RSWF. Analysis has shown that the 
probability of a leak to the environment is much 
less than per year, indicating that such an 
event is not considered credible. A drop accident, 
excessive thermal loads, criticality, and possible 
failure modes of the containers are also addressed. 

I. INTRODUCTION 

The shutdown of Experimental Breeder 
Reactor I1 (EBR-11) requires interim storage for 
the reactor's subassemblies before final disposition. 
The subassemblies will be stored in the air cell of 
the Fuel Cycle Facility (FCF), the argon cell of the 
Hot Fuel Examination Facility (HFEF), and at the 
Radioactive Scrap and Waste Facility (RSWF). 

Safety issues related to the storage of 
subassemblies at the RSWF are addressed in this 
paper. 

The design of the RSWF was approved by 
the Atomic Energy Commission in 1964 and site 
preparation was completed in February 1965. The 
first waste was placed in the RSWF in June 1965. 

The RSWF consists of 27 rows of carbon 
steel liners buried vertically in the ground such that 
the top 4 inches of the liner is above the ground 
surface. The ground provides effective shielding 
for the high radiation fields associated with the 
stored material. There are approximately 50 liner 
locations per row; the capacity of the RSWF is 
1350 liners. The rows are installed on 12-foot 
centers and the liners are installed on 6-foot 
centers. 

Prior to 1990, the carbon steel liners were 
placed in the soil without any protection from 
corrosion. Soil corrosivity mapping of the RSWF 
in 1989 revealed that the soil was mildly to 
moderately corrosive and that impressed current 
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cathodic protection was needed to prevent 
corrosion. Since 1990, the installation of new, 
cathodically-protected liners and the relocation of 
material into new liners have been major RSWF 
activities. 

Presently, low-level, transuranic, mixed waste, 
and scrap (e.g., spent fuel) are stored at the 
RSWF. The radioactive material is managed 
according to DOE Orders and the mixed waste is 
managed according to the Resource Conservation 
and Recovery Act (RCRA). RCRA Part A and 
Part B permits for the RSWF were issued by the 
State of Idaho in January 1994. 

The Part A permit allows ANL-W to store 
waste with EPA Waste Codes: DOOl [Ignitability 
Characteristic], DO03 [Reactivity Characteristic], 
DO05 [Barium], DO06 [Cadmium], DO07 
[Chromium], and DO08 [Lead] at the RSWF. The 
Part B permit requires all material stored at the 
RSWF to be in double containment prior to 
placement in an RSWF liner. 

This paper discusses the general safety 
objectives, the fuel storage configuration, the 
design basis accidents, criticality issues, and other 
failure mechanisms for the containers. 

11. SAFETY OBJECTIVES 

The storage configuration was designed to 
insure that the environment and personnel would 
be protected during the storage of EBR-I1 
subassemblies at the RSWF. 

A system of containers met this requirement by 
using the following criteria: 

- Unloading or loading operations should 
ensure worker radiation exposure be as 
low as reasonably achievable. 

111. DESCRIPTION OF SUBASSEMBLY 
STORAGE 

EBR-I1 spent fuel is a unique metal based 
alloy (either U - Zr or U - Pu - Zr) that a has a 
thermal bond of elemental sodium. The fuel slug 
and bond sodium are contained inside a sealed 
cladding which is typically a stainless steel tube. 
The combination of fuel slug, bond sodium, and 
cladding are called fuel elements. Individual fuel 
elements are assembled in a hexagonal array inside 
a hexcan to form a subassembly. 

EBR-I1 spent fuel subassemblies are 
comprised of driver subassemblies and blanket 
subassemblies. The driver subassemblies have fuel 
elements that are approximately 30 inches in 
length, with a fuel slug region that is 
approximately 13.5 inches in length. The region 
above the fuel slug is referred to as the plenum 
region. Fission gases collect in this space as a 
result of fuel irradiation. The driver subassemblies 
typically have a higher thermal load than the 
blanket subassemblies because they receive more 
irradiation located in the reactor core. 

Subassemblies are transported from EBR-II 
to HFEF. In HFEF, the subassemblies are 
prepared for storage at the RSWF. The individual 
elements are removed from the hexcan to decrease 
the resistance to heat removal from the fuel 
elements during storage. Decreasing the thermal 
resistance decreases the maximum element 
temperature during storage. 

- Any release to the environment should have 
a probability less than 
- A criticality safe configuration shall be 
maintained at all times. 

per year. 
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inches in length. There are 360 blanket 
subassemblies that must be removed from the 
reactor. To decrease the amount of work that is 
necessary to prepare the blanket subassemblies for 
interim storage, the individual elements will not be 
removed from the blanket subassembly, Rather, 
the subassembly hexcan will be cut above and 
below the elements to decrease the handling time 
in HFEF. 

The shortened hexcan, which contains the 19 
fuel elements, is then placed into a blanket basket. 
The blanket basket holds six shortened blanket 
subassemblies. The blanket basket is then placed 
into a FPC, then into the HFEF-5 outer can, and 
transported to the RSWF. Figure 2 shows a 
schematic of the shortened blanket basket and 
storage pattern. 

Figure 1 - Typical driver element storage 
configuration at the RSWF. 

The elements are placed in an annular 
configuration within a "basket," which can be 
placed in a Fuel Pin Can (FPC). Each basket can 
hold the equivalent of one driver subassembly. 
Two of the baskets can be placed in a FPC, 
allowing two driver subassemblies to be stored per 
liner at RSWF. The FPC has a bolted and 
gasketed lid. The FPC is then placed into an outer 
container, referred to as the HFEF-5 outer can. 
The HFEF-5 outer can lid is then welded onto the 
container. The complete package is then 
transported to the RSWF with the HFEF-5 cask. 
The container is lowered into a liner, a shield 
plug/lid is then welded onto the liner. A typical 
driver storage arrangement is shown in Figure 1. 

There are 19 elements in the blanket 
subassemblies, which are approximately 6 1 inches 
in length. The fuel slug region is approximately 54 

The final storage configuration for the driver 
and blanket subassemblies consists of four barriers 
between the fuel and the environment. The four 
barriers are the fuel element cladding, the inner can 
gasket seal, the weld on the HFEF-5 outer can, 
and the liner. 

IV. DESIGN BASIS ACCIDENTS 

Two design basis accidents (DBA) are 
postulated for storing fuel at the RSWF. The first 
DBA is a 13 foot drop accident. This is the 
distance from in the cask to the bottom of the liner 
at the RSWF. The second DBA is overheating 
due to storing subassemblies with too large a 
decay heat level. Each of the design basis 
accidents are discussed below. 

A. Drop Accident 

The fuel container could be dropped from 
the HFEF-5 cask into a liner at the RSWF. The 
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Figure 2 - Shortened blanket subassembly 
storage configuration. 

dropping of the container into the liner would 
result in the most severe loading condition for the 
mechanical failure of one of the containers. If a 
drop were to occur, one level of containment, the 
H E F - 5  outer container or the FPC, must be 
maintained. This is to ensure that the release of 
gaseous or particulate matter does not occur. 

A drop test was performed to demonstrate the 
ability of the HFEF-5 can package to survive the 
13 foot drop. The results of the test indicated that 
the HFEF-5 outer can would survive a drop. 

There was no noticeable damage to the HFEF-5 
outer can after the drop. Therefore, one level of 
containment will be maintained, and no release to 
the environment will occur. The FPC received 
minor damage. A portion of the weld on the 
bottom plate of the can failed. In addition, an 
"elephant foot" deformation occurred on the 
bottom of the inner can. The fuel pin basket did 
not receive any damage during the test, 
demonstrating that the elements would maintain a 
criticality safe geometry. 

To further reduce any risk associated with 
the storing of a dropped can, any dropped can will 
be removed from the liner and returned to HFEF. 
A contingency plan is also available in the 
extremely unlikely event that the HFEF-5 can is 
damaged so that it can not be placed in the HFEF- 
5 cask. The can would be approximately centered 
in the RSWF liner where the drop occurred. Lead 
or steel shot would then be filled around the can in 
the liner, for additional shielding. The 16 inch 
liner would then be removed, or "pulled," into the 
HFEF-14 cask. The 16 inch liner would then be 
placed into a 24 inch liner at the RSWF. 

The HFEF-5 can and 16 inch liner are placed 
in the 24 inch liner to add one additional barrier. 
The additional barrier, the 24 inch pipe, reduces 
the chance for a release while a more detailed 
recovery plan is being developed. Eventually, the 
damaged HFEF-5 can would be returned to HFEF. 

The probability of a drop accident is 
decreased through administrative controls. 
Procedures are in place to ensure that the proper 
cabling is load tested and installed for all phases of 
the operation. 

B. Excessive Thermal Load 

The second accident scenario involves the 
storage of subassemblies with a higher heat load 



than specified in the safety assessment. Potential 
effects of an excessive thermal load are higher than 
anticipated element temperatures and potential 
drying of the soil near a liner. The thermal analysis 
of storage at the RSWF has shown that fuel 
containers can be stored in adjacent liners in 
adjacent rows. Each of the potential effects of 
excessive thermal loading is discussed below. 

The limit for the driver subassemblies is 300 W 
for two subassemblies stored in one liner. The 
thermal limit for the blanket subassemblies is 180 
W for six subassemblies in one liner. These limits 
were selected to ensure that maximum element 
temperature criteria for storage at the RSWF 
would not be exceeded. The limits also assume 
that fuel elements are stored in every liner of every 
row at the RSWF. 

The fuel element temperature criteria assessed 
the probability of the failure of the different 
cladding types for the cumulative damage fraction 
(CDF) associated with element irradiation and 
temperature history. A conservative estimate of 
the CDF for the driver subassemblies is 0.032 
percent at the maximum allowable burnup. 
Ideally, failure occurs at 100 percent CDF. 
Realistically, a statistical spread of failures occur 
on each side of the 100 percent CDF. If the 
elements are stored for 10 years at 5OO0C, the 
CDF approaches 0.2 percent. This level of CDF 
indicates that there is a very low probability of 
failure even after 10 years of storage at elevated 
temperatures. As to be shown below, the elements 
will be stored at temperatures lower than 500°C. 

Based on the CDF information discussed 
above, temperature limits of 400°C and 3700C 
were selected for the driver and blanket 
subassemblies respectively. Conservative thermal 
analyses were conducted to demonstrate that the 
specified element temperatures would not be 
exceeded. The conservative model used to 

predict the maximum element tem peratures was 
verified with experimental data. The experimental 
apparatus monitored soil and element temperatures 
over a two year period. 

Exceeding the thermal limit specified for 
blanket subassemblies would be extremely 
difficult. The 180 W limit for 6 blanket 
subassemblies is based on the average thermal load 
for blanket subassemblies stored in the "hottest" 
row in the reactor core. The "hottest" row has the 
highest average thermal loading. 

The average value of 30 W for a blanket 
subassembly assumes the blanket has been 
removed from the reactor for approximately 90 to 
100 days. Realistically, it would be very difficult 
with the existing fuel handling systems to remove 
6 blanket subassemblies from the reactor, transport 
them to HFEF, shorten each subassembly, and to 
then transport them to the RSWF within 90 to 100 
days. This handling constraint and the use of a 
thermal limit that allows six higher thermal loading 
subassemblies to be stored makes it difficult to 
exceed the thermal limit. In addition, the reactor 
was shutdown at the end of September 1994. 
Once the reactor has shutdown, the subassemblies 
will reach the 90 to 100 day point by early 1995. 

There are also administrative checks upon 
removal from the reactor, upon receipt at HFEF, 
and upon placement into the containers at HFEF. 
The administrative constraints make it difficult for 
the storage of blanket or driver subassemblies to 
result in an excessive thermal load. 

The thermal limit for the driver elements is 
based on a nominal burnup and approximately one 
year out of the reactor. These assumptions result 
in approximately 150 W per driver subassembly. 

The 300 W total thermal load could be 
exceeded by the placement of one or two 



subassemblies into a liner that exceed 150 W limit. 
Exceeding the thermal limit will not result in any 
significant effects on the fuel elements and is 
considered unlikely. A conservative estimate of 
the maximum element temperature for a 300 W 
driver configuration is 220"C, well below the limit 
of 400°C. Doubling the thermal load to 600 W 
will still result in temperatures less than 500°C. As 
shown by the CDF data, storage at this 
temperature for 10 years will still not lead to a 
cladding failure. The actual thermal load decays 
over time, eventually leading to an allowable 
thermal limit. The short excursion to higher 
temperatures leads only to a small increase in the 
CDF, which is so small that cladding failures can 
still not be considered credible. 

The impact of the thermal load at RSWF is 
managed through a storage plan. The intent of the 
storage plan to is to help distribute the thermal 
load throughout the RSWF, rather than store all of 
the subassemblies in a localized area. Initially, 
store blanket subassemblies in every other liner. 
By placing blanket subassemblies in every other 
liner, the soil temperature will be less than it would 
be with every hole filled with an allowable thermal 
load. In addition, the total thermal load of the 
blanket assemblies will decrease rapidly to a more 
acceptable, or lower, thermal load. 

Overall, the containers have been designed to 
ensure containment is maintained under all 
conditions. The thermal limits have been selected 
to mitigate any potential problems associated with 
overheating. The proposed storage plan also 
prevents any problems associated with excessive 
thermal loads. 

VI. OTHER SAFETY EVALUATIONS 

A. Criticality Safety 

All of the pertinent storage configurations 

were analyzed and there was determined to be no 
credible criticality event. The nuclear criticality 
safety of the storage containers is assured by 
engineered controls which are included in their 
design and by limits on the discrete fissile masses 
that can be loaded in the containers. 

The design of the element baskets assures 
that only a discrete number of elements can be 
loaded in the storage positions. The design of the 
element baskets also prevents different element 
types from being placed in the wrong basket. 
There are different length baskets for each element 
type. These aspects of the designs, together with 
strong administrative controls and approved 
operating procedures, insure that only the intended 
fwile batches can be loaded into the HFEF-5 can 
assemblies. The design of the blanket baskets 
insures that only six blanket subassemblies can be 
loaded in the storage positions. 

Criticality safety calculations indicate that the 
storage containers for the intended operation are 
criticality safe even if flooded with water. 
Moderation of the fissile material can only take 
place if water gets into the inner containers. The 
inner can is sealed and bolted shut, and the HFEF- 
5 outer can is welded shut. These two layers of 
confinement must be breached before water can 
moderate the fissile material, and of course, a 
significant water source must also be present. The 
Double Contingency Principle is satisfied in that it 
would take at least two unlikely, concurrent events 
(flood and breach of containment) before a 
criticality accident situation is approached. 
Analysis shows that even if these events take 
place, the system will remain subcritical. 

B. Expansion or Distortion of Containers 

The outer or inner can could fail from an 
increase in the internal pressure. The internal 
pressure increases as the temperature of the air 



within the can increases. A conservative 
temperature differential can be estimated from the 
thermal analysis. The assumption is the gas in the 
FPC is at the maximum design temperature, 
400°C. The outer container is assumed to be the 
estimated temperature obtained in the thermal 
analysis. The maximum pressure differential was 
approximated to be 14.5 psi. 

The most significant stress is located in the 
ends of the can. An estimate of this stress can be 
obtained by analyzing a clamped plate and a simply 
supported plate with a uniform pressure 
distribution. For the clamped plate, the edges of 
the plate are assumed to be rigidly fixed to prevent 
rotation. These stresses were calculated by using 
the equations found in Blake [ 19821. Even using 
this conservative approach to estimating the 
maximum pressure differential a safety factor of 
greater than 3 still exists. 

C. Seal Leakage 

Four barriers exist between the fission gases 
(contained in the plenum region of the element) 
and the environment. The four barriers are the 
fuel element cladding, the inner can gasket seal, 
the outer can weld, and the weld on the liner at the 
RSWF. These barriers decrease the chance of a 
release of fission gas to the environment. The 
package has been designed to reduce the 
probability of this event. For a leak to damage the 
environment or to harm personnel, all four of the 
independent barriers must be breached. 

The lid and shield plug are welded to the liner 
at the RSWF. The weld integrity is verified by a 
magnetic particle test. The seal on the HFEF-5 
outer can is a welded lid. The welding is 
performed by a certified welder and visually 
inspected. The FPC has a seal gasket between the 
lid and the upper flange of the can. The inner can’s 
seal is a Grafoil gasket. The Grafoil material can 

withstand the design temperature of 40oOC. The 
Grafoil gasket has also been tested to lo” Rad and 
the changes in material properties were found to 
be statistically insignificant. 

There are two ways that elements could 
become breached and leak fission gas into the 
FPC. The fuel elements can either be breached 
when placed into the can, or can become breached 
after being stored in the can. The probability of an 
element breaching after being stored is lower than 
the probability of placing a breached element into 
the inner can. 

The probability of a pin being breached when 
placed into the inner can will be assigned a 
conservative value of 2 ~ l O - ~  (Webb [1991]) per 
pin. This value is based on past experience of 
detecting breached pins going through the wash 
station. No breached pin has ever passed through 
the wash station without being detected. The 
2 ~ 1 0 . ~  value is based on the number of pins that 
have been inspected after passing through the 
wash station, without a breached element not 
being detected. 

Assuming a high failure probabihty of 10.’ for 
the gasket, reasonable probabilities of 102 for the 
HFEF-5 outer can weld and 10” for the RSWF 
liner weld, and ~ X I O - ~  for the breech of the 
cladding, allows a reasonable estimate of the 
probability of a leak occurring can be obtained. 
Multiplying all of these terms together (series of 
failures) gives a total probability of a release to the 
environment of 2xlO-”. The probability of the 
barriers leaking is (two welds and a gasket). 
B’ased on this analysis, it can be assumed that the 
probability of a leak occurring as a result of the 
independent failure of the barriers can not be 
considered credible. 

Common cause failure mechanisms were 
considered, but none were identified that could be 



considered credible. At the RSWF, the fuel 
containers are located approximately 6 feet below 
the soil surface. No credible mechanical failure 
mechanism, such as puncturing all the barriers, 
could be postulated. 

If one considered a beyond design basis 
accident, the occurrence of a leak to the 
environment, the consequences can be considered 
negligible. If an entire subassembly was to be 
breached instantaneously, and to instantaneously 
leak out of the pit, on-site workers would only 
receive a 28 mrem dose (Solbrig [ 199 13). The 
dose at the site boundary would be 0.52 mrem. 
The probability of an entire subassembly becoming 
breached and instantaneously leaking out all three 
remaining barriers at the same time can not be 
considered credible. 

Other areas of concern were also addressed, 
many of which were considered beyond design 
basis accident, but will not be discussed here. 

VII. SUMMARY 

Safety issues related to the storage of spent 
fuel at the RSWF have been thoroughly analyzed. 
Two design bask accidents, the drop accident and 
excessive thermal load were shown not to have 
adverse consequences. The drop accident was 
mitigated by the design of the containers that 
insured one level of confinement was maintained at 
all times. The excessive thermal load is prevented 
by the selection of the thermal limits, 
administrative controls, and the recommended 
storage plan that prevents overheating from 
occurring and better distribution of the thermal 
load at the RSWF. 

The system of containers has been designed to 
prevent the leakage of fission gases to the 
environment. The probability of leakage to the 
environment is well below lo6  per year and 

I -  

therefore, a leak is not considered credible. 
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