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INTRODUCTION 
Existing spent fuel and other radioactive material shipping casks 

have utilized a variety of construction methods and materials. Casks 
with steel structures and lead or depleted uranium gamma shields have 
been widely used for spent fuel transportation. All steel casks, de
pending upon a heavy steel wall for gamma shielding ha e also been 
utilized for processed waste shipping casks. Significant progress has 
been made recently in Europe in the development of large cast iron casks 
for spent fuel shipping and storage. 

This paper presents the results of a study performed to identify 
and evaluate cask manufacturing methods and materials which are presently 
or could be readily available in the United States. An analysis of 
several candidate materials and processes was made to determine existing 
capabilities to efficiently manufacture spent fuel, transuranic and 
high-level waste shipping casks. Emphasis was placed on minimizing cask 
manufacturing costs while retaining cask maintainability, longevity and 
adequate quality assurance. Current manufacturing methods and technology 
as well as any improvements which can reasonably be expected to be available 
both domestically and internationally have been evaluated for use in the U.S. 
The major structural aspects of cask design and manufacture were emphasized; 
whereas detailed features such as covers, seals, lifting and handling 
trunions, and pressurized venting and sampling devices were addressed 
only to the extent they affect the major structural components. 

The study includes a comparison of the economic and technical 
advantages to be gained from manufacturing casks specifically for application 
to long-cooled fuel (5 years or greater) and waste materials. 

DESIGN EVALUATION 
This phase of the study resulted in development of typical design 

concepts to be used as a basis for evaluation of manufacturing and QA 
problems and relative costs. Existing conceptual and licensed designs 
have been used for comparison purposes and as a basis to confirm the 
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adequacy of the design concepts developed. Typical designs were developed 
for spent fuel, transuranic waste and high level co-nmercial and defense 
waste road and rail shipping casks. The essential design features of a 
LWR fuel cask are shown in Figure 1. The design consists of a concentric 
arrangement of cavity wall, a gamma shield, o containment wall and a 
neutron shield. Designs of each of the four cask types are similar except 
that neutron shields are not required for defense waste and transuranic 
waste casks. 

In all cases design alternatives using steel structures with a 
lead, depleted uranium, or all steel (or cast iron) gamma shield were 
developed. In the cases where a steel (or cast iron) gamma shield is 
utilized the gamma shielding function and inner and Duter container 
functions can be combined in a single structure. 

Gamma shield thicknesses were selected to comply with paragraphs 
226 and 229 of IAEA Safety Series #6 (49 CFR 173.393 and 173.398). In 
the case of LWR fuel casks and high level commercial wastes, which re
quire neutron shielding, the neutron shield was included in accordance 
with the same requirements. The forms of neutron shield considered 
included the conventional bor-"-»d water shield as shown schematically 
in Figure 1, placement of bo - - 'bide or other neutron .ibsorbers in 
formed or drilled holes in tie uask structure wall (Finure 2) *r.i berated 
cast-in-place silicone' rubber or other solid neutron absorbers as shown 
in Figure 3. 

Design features affected by thermal requirements and structural 
(including accident) requiaements were selected by comparison with 
existing designs, i.e., detailed re-evaluation of these requirements 
were not included in this study. 

The designs developed have been based on the following payload 
requirements: 
LWR Road Cask - 2 PWR/4 BWR Fuel Elements 
LWR Rail Cask - 12 PUR/28 BUR Fuel Elements (PHK arrangement shown 
in Figure 4) 

High Level Commercial Waste Road Cask - One Container at 750 Kg 
High Level Commercial Waste Rail Cask - Seven Containers at 750 Kg Each 
High Level Defense Waste Road Cask - One Container at 3040 Kg 
High Level Defense Waste Rail Cask - Three Containers at 3040 Kg Each 
Transuranic Waste Road Cask - One Container at 3200 Kg 
Transuranic Waste Rail Cask - Three Containers at 3200 Kg Each 

Maximum empty road cask weights were established as follows: LWR-
22,100 Kg, HLCW-23,300 Kg, HLDW-20,180 Kg, TRU-20,400 Kg. 

Maximum empty rail cask weights were established as follows: LWR-
70,750 Kg, HLCW-77,770 Kg, KLOW-71,180 Kg, TRU-70,680 Kg. Cask size and 
weight limits were based on legal limits and practical considerations. The 
truck cask weight limit was based on a maximum gross vehicle weight of 
36,300 Kg (80,000 lbs.) and the rail cask weight limit was based on 
a typical contemporary reactor plant crane limit of 90,700 Kg (100 U.S. tons). 
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The cask cavity dimensions and the required structural and gamma 
shield wall thicknesses are shown in Table 1. The resulting truck and 
rail cask weight estimates for LWR fuel casks are given in Table Z. This 
table shows that the payload objectives for one year cooled fuel can only 
be achieved with a uranium gamma shielded cask design. However, the pay-
load objective can be achieved with five year cooled fuel using the all 
steel (or cast iron) or lead gamma shield with eithet borated water or 
silicone rubber neutron shields. Neutron shields placed in drilled 
holes in the cask body increase cask weights su.ficiently to make this 
design over weight for all cases. The five /ear cooled fuel allows a 
steel or iron wall thickness reduction of about 20%, which in turn 
results in a cask weight reduction of almost 30*. Similar results were 
obtained for the high level commercial waste casks. The payload objectives 
are readily achievable for the defense and transuranic waste casks in 
all configurations. 

MATERIAL AND MANUFACTURING EVALUATION 
This phase of the study addressed the U. S. industru 1 capability 

to manufacture the basic cask designs developed during the design evaluation 
phase. This evaluation included consideration of the various technical 
and quality requirements in addition to manufacturing capacity considerations. 
In the case of steel components all conventional manufacturing methods 
including fabricated plate, foryings and casting were considered. The 
requirements of and limitations imposed on manufacturing techniques and 
LOma design arrangements by the Non-Destructive Examination requirements 
were considered, both for fabrication as well as in-service examination. 
The objective of this phase of the study was to develop a series of 
recommendations identifying pr2ferred fabrication techniques for each 
type of cask in both rail and truck sizes. 

Low Temperature Ductility 
A design objective was to develop cask concepts that can be used at 

ambient temperatures as low as minus 40°C, which for this study was 
assumed to result in a requirement that the Nil Ductility Transition (NDT) 
temperature for the structural components be lower than minus 73°C. Tin's 
requirement con.,ervatively assumes that the outer structure of the cask 
would be at ambient temperature, i.e., no credit is taken for the in
sulating effect of the neutron shield material. Of the range of materials 
evaluated to date, austenitic stainless steels appear to be the only 
materials clearly capable of meeting this requirement. Low alloy steels 
a U o show some potential for meeting this requirement, particularly in 
thinner sections. Development of nodular cast iron and ferritic stainless 
steel castings meeting these requirements is being vigorously pursued ir 
Europe; these developments are reported elsewhere during this symposium. 
Uranium Shielded Casks 

Although uranium is a very efficient gamma shield it's use in 
future cask designs in the U. 5. is prejudiced by the lack of manu
facturing capability. There is no longer a doirestic U. S. industrial 
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capability to cast and machine the large uranium shield sections that 
would be required for rail casks in particular. The projected market 
for shipping casks may not be sufficient to financially justify re
establishing this manufacturing capability. Furthermore this manu
facturing evaluation has shown that the uranium shielded casks are 
significantly more expensive than either lead shielded or all steel 
casks because of the high cost of the finished uranium shield components 
and because of the high assembly .labor requirement resulting from the 
design complexity. 

The uranium shielded LHP. casks do have the advantage of being the 
only designs capable of meeting the payload goals for one year cooled 
fuel. However, the U. S. industry need for the foreseeable future will 
be predominantly shipment of five-year cooled and older fuel. There
fore, evaluations of cask alternatives have been based on the design of 
the 5 year cooled fuel and waste cask designs. 

All Steel Casks 

Very heavy wall sections, set by shielding requirements are required 
for the all steel casks. For example, a rail cask for 5 year cooled LVIR 
fuel requires a wall thickness of about 22 cm. These heavy walls present 
some manufacturing problems and in several cases preclude the use of some 
processes because of manufacturing size limits. These size limitations 
result both from basic materials limitations (plate thickness, billet size, 
etc.) and manufacturing capacity limitations. A composite ranking of the 
available processes was developed considering cost, product quality, avail
ability and manufacturing limitations. The resulting ranking of the fabrication 
processes for wall sections of less than and greater than 10 cm are as follows: 

Wall Thickness Wall Thickness 
Hank Less Than 10 cm Greater Than 10 cm 

1 Formed & welded Forging 
plate 

2 Forging Formed and welded plate 
3 Casting Casting 

Obtaining the small bend radius in thick walled sections required (especially 
for truck casks) makes the formed and welded plate fabrication process 
impractical. Availability of high quality stainless steel plate is 
limited to about 6 inch maximum thickness. Application of stainless 
steel plate to most of the all-steel designs is therefore prevented, and 
this method is therefore limited to the thinner wall sections including 
the inner and outer steel walls of the uranium and lead shielded casks. 

High integrity forging in the heavy sections requ'red for shipping 
casks are available in both stainless and low alloy steels. The complete 
body section of the largest casks (LWR rail casks) could be forged in 
one piece from low alloy steels at selected locations in the U.S. 
At least two pieces would be required for stainless steel forgings for 
cumparable applications because of billet size limitations and the 
higher forming pressures that are required. However for both materials, 
high quality forgings can be obtained in sections large enough to minimize 



the amount of assembly welding and the attendant nondestructive examination. 
This is likely to provide additional advantages as the requirements for 
In-Service Inspection (ISI) develop. 

The simple geometry involved with the shipping cask structures 
considered in this study does not pose any restrictions on the use of 
castings for the body structure but at the same time does not particularly 
favor the casting technique. The restrictions that do apply involve the 
foundry melting/pouring capacity and the equipment required for handling 
the poured casting. United States foundries have the pouring capacity 
to make high quality steel castings (stainless and low alloy steel) of the 
required weight but are generally limited to a finished casting height 
of about ?50 cm. Consequently three or more sections welded together would 
be required for the large all-steel casks. Steel castings suffer a dis
advantage in comparison to forgings in that a substantial amount of re
latively expensive weld repair (so-called upgrading) can be expected before 
the castings will pass demanding fIDE requirements. 

The technology for production of very large and high quality nodular 
iron castings similar to the recent German developments is not well 
developed in the U.S. However the foundry capacity for making the very 
large castings is available. 

Laminated Steel Casks 

Due to the high cost of stainless and low alloy steel the use 
of laminated steel sections was included in this evaluation. The basic 
design of such a cask is similar to a lead or uranium shielded cask 
where the shielding would be provided by a low grade non-structural 
steel or cast iron section sandwiched between stainless steel cavity and 
containment walls. To obtain the required heat transfer properties in 
the finished cask it was assumed that all sections would be machined and 
shrunk-fit together. A cost evaluation of this concept shows that the 
dtsign is not competitive with the solid steel casks due to the added 
labor costs and suffers the additional disadvantage of presenting some 
NDE problems. 

Lead Shielded Casks 

Lead is the most common of all shielding materials in use in current 
transportation casks. A number of potential future cask fabricators in 
the U.S. have expertise in casting large lead shielded casks and other 
lead shielded structures. 

There are areas of concern regarding the use of lead as a shield 
material, principally in the design for resistance to fire accidents, which 
are beyond the scope of this study but must be addressed in the future. 
For the purpose of this study the assumption was made that lead shielded 
casks will be licensible. The manufacturability must take into account 
the design and fabrication complexities involved with providing expansion 
areas within the cask wall to accapt molten lead in the event of a severe 
fire accident. 

This manufacturing study has shown that the costs of lead shielded 
casks are substantially lower than uranium shielded casks and somewhat 
lower than the all steel cask designs. 
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QUALITY ASSURANCE 

Evaluation of quality assurance/non-destructive examination methods 
has been somewhat hampered in that specific design & fabrication code re
quirements do not exist in the U.S. at this time. While volumetric 
examination techniques do exist which allow NDE of both base metal and 
weld areas the adequacy of these techniques for shipping ca?k applications 
have yet to be verified. However, it has been concluded that accej able 
surface examination techniques, where called for, exist. Adequate methods 
are not presently developed for measuring clad overlay thickness (stainless 
overlay on low alloy or carbon steel} or for locating and measuring gaps 
between layers in laminated vessels. Gamma scanning techniques are commonly 
used on lead shielded casks to detect voids in the lead shield but are time 
consuming and consequently expensive. 

CONCLUSIONS 

The conclusions that have been drawn from this study, which is 
stilt in progress are as follows: 

1. If spent fuel payloads are in fact cooled for five or more years prior 
to transportation there is a significant advantage to bi gained from 
cask designs which are tailored to this longer cooling time. 

2. The most economic cask design is that which utilizes a lead gamma 
shield. 

3. The all-r.teel, single wall casks show substantial potential benefUs 
resulting from ready availability and the cost and inspection 
advantages that result from the design simplicity. 

4. The future use of depleted uranium shielded casks in the United 
5tates is expected to be low as a result of the high cost and lack 
of manufacturing facilities. 

5. Of the three types of neutron absorber systems evaluated, the borate.-1 

cast-in-place silicone rubber shows significant technical and cost 
advantages. 

6. Design and fabrication code requirements and regulatory requirements 
yet to be developed in the United States are likely to have a profound 
effect on the next generation of transportation casks. The specific 
areas of potential major impact include: (a) the licensability of lead 
shielding; (b) final development of low temperature material ductility 
requirements; (c) fabrication quality requirements and the attendant 
inspection requirements; (d) development of in-service inspection 
requirements. 
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TABLE 1 
Cask Dimensional Requirements 

Cask Type 
Mode Of 
Shipment 

Cavity 

iff! Hall Thickness Dimensions (cm) 
Cask Type 

Mode Of 
Shipment Dia.(cm) Ht.(cm) 

iff! All Steel Steel/Lead Steel/Uranium 

LWR Spent Fuel Truck 
(2/4) 

Rail 
(12/28) 

24.4 X 452 
50.8 
Rectangular 

127 477.5 

i 

5 

1 
F 

25.4 3.5/16.0 3.5/8.9 

20.3 3.5/11.4 3.5/6.4 

29.0 5.1/18.0 4.1/9.9 

22.1 5.1/13.0 5.1/7.6 

Commercial 
Reprocessing 

Truck 

Rail 

35.6 315 

111.8 315 

1 

5 

1 

5 

29.0 3.5/19.1 3.5/10.4 

22.9 3.5/14.5 3.5/7.9 

32.0 5.1/22.1 5.1/11.9 

25.4 5.1/18.0 5.1/9.4 

Defense 
Reprocessing 

Truck 

Rail 

35.6 315 

111.8 315 

1 

5 

1 

5 

18.3 3.5/9.4 3.5/5.1 

17.5 3.5/8.4 3.5/4.6 

20.3 5.1/11.4 5.1/6.1 

19.6 5.1/9.9 5.1/5.6 
Transuranic Truck 

Rail 

71.1 467.4 

142.2 467.4 

1 

5 

1 

5 

9.9 3.5/5.6 3.5/3.0 

8.9 3.5/4.6 3.5/2.5 

10.9 5.1/6.1 5.1/3.0 

9.9 5.1/5.6 5.1/3.0 



TABLE 2 

LHR Cask Heights 
Weights In Metric Tons 

Gamma Shield 

Mode 
Cooling 
Period 

Neutron Shield 

Mode 
Cooling 
Period 

Steel 
Hater 

Steel 
Silicone 

Lead 
Hater 

Lead 
Sil icone 

Uranium 
Water 

Uranium 
Silicone 

Truck 1 Year 33* 30* 31* 27* 24* 21 

5 Year 24* 22 20 18 17 15 

Rail 1 Year 77* 73* 84* 73* 71 62 

5 Year 55 53 64 54 57 49 

* Overweight cask. 
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